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Introduction to Haemophilia

What is Haemophilia?

Haemophilia is a rare, x-linked, congenital bleeding disorder. Patients with haemophilia lack either functional coagulation 
factor VIII (FVIII, haemophilia A) or factor IX (FIX, haemophilia B).⁵

FVIII and FIX are necessary for the efficient blood coagulation, and so a deficiency in these factors can lead to limb- or 
life-threatening bleeding events, both spontaneous or following surgery or trauma.5,6

Haemophilia A Haemophilia B
FVIII deficiency FIX deficiency

Caused by inherited or spontaneous mutations in the F8 
clotting factor gene

Caused by inherited or spontaneous mutations in the F9 
clotting factor gene

80-85% 24,6 15-20% 5,0

of all haemophilia cases cases per 100.000 males of all haemophilia cases cases per 100.000 males

An estimated 1.125.000 males have haemophilia worldwide; of these, 418.000 have the severe form of the disease.7

3

Cause and prevalence of haemophilia A and B⁵



The severity of bleeding episodes in haemophilia is related to the degree of clotting factor deficiency in the patient.5 

Patients with mild haemophilia may not display abnormal or prolonged bleeding without major trauma or surgery, while 
patients with severe haemophilia frequently experience spontaneous bleeding episodes.

Defining Haemophilia Severity

Severe

• Clotting factor level <1% of normal
• Spontaneous bleeding into joints and muscles
• Predominantly with no apparent haemostatic challenge

Moderate

• Clotting factor level 1 - <5% of normal
• Occasional spontaneous bleeding
• Prolonged bleeding with minor surgery or trauma

Mild

• Clotting factor level 5 - <40% of normal
• Spontaneous bleeding is rare
• Prolonged bleeding with major surgery or trauma
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Bleeding severity is related to clotting factor level⁵



Bleeding can occur in multiple sites in haemophilia patients. Bleeds can cause pain, loss of mobility or even have lethal 
consequences, depending on the severity, frequency and organ system affected.5 Joint bleeds are a serious complication 
of haemophilia, and even a single joint bleed can cause irreversible damage.8

Bleeding in Haemophilia

Muscle bleeds (10-20%) 

• May occur in muscles (in calf, 
forearm, etc.)

Other major bleeds (5-10%)

• Serious bleeds that occur in other sites 
(e.g., mouth, nose, genitourinary tract)

Joint bleeds (70-80%) 

• Occur most commonly in ankles, knees 
and elbows

• May lead to disability and negatively 
impacts quality of life

Central nervous system bleeds (<5%) 

• Least common but life-threatening

• Include intracranial haemorrhage 
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Frequency and characteristics of bleeds at different sites in haemophilia5,9



Scientific Advances in Haemophilia

The Current Standard of Care in Haemophilia

Prophylaxis with factor replacement products is the current standard of care for patients with severe haemophilia.5 

The aim of prophylaxis is to maintain high FVIII/FIX trough levels in order to avoid breakthrough bleeds.5

Many patients with severe haemophilia are satisfactorily managed with prophylactic treatment, and have better clinical 
outcomes than patients who are not on prophylaxis.5

Bleeding DisabilityJoint damage Quality  
of life

Need for 
orthopaedic 

surgery

6

Benefits of regular prophylaxis compared to intermittent episodic treatment10



Under current guidelines, treatment for patients with severe haemophilia should be individualised based on:5,11,12

Patient goals

Joint status Bleeding frequency

Physical activity & 
lifestyle

Genetics

Adherence &  
venous access

Age & Weight

Pharmacokinetic profile of 
FVIII/FIX product
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Research into optimising prophylactic treatment is continuing. 



50+ years of clinical research13

2500+ active clinical trials in genetic 
therapy research14

Two AAV-vector based gene therapies have 
been approved by the FDA and EMA15, 16

8

Abbreviations: AAV=adeno-associated virus; FDA=Food and Drug Administration; EMA=European Medicines Agency
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Scientific Advances in Gene Therapy
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Gene Therapy Basics

Gene therapy is a technique using genetic material to treat or cure a disease.17

There are two methods for gene therapy delivery: in vivo gene transfer and ex vivo gene transfer.  

Functional genes are usually delivered into the cells of the body by inserting them into an inactivated viral shell (the vector), 
which carries the gene to specific target cells.18 The gene can be delivered directly to the person (in vivo gene therapy) or into 
cells that have been taken from a patient, then treated and returned to the patient (ex vivo gene therapy).18

Once inside the target cells, there are different approaches for gene therapy: gene addition and gene editing. Gene addition 
works by adding the functional gene into the nucleus of target cells. Gene editing refers to genetic engineering in which DNA 
is inserted, deleted or modified at a specific location in the genome of a living organism.17



Different types of vectors

Many gene therapy technologies use a viral vector as a transfer vehicle for the gene of interest, and multiple types of 
vector are available, including: adeno-associated viral (AAV) vectors, adenoviruses, lentiviruses, and retroviruses.14 

Recent approvals of gene therapy products include both in vivo AAV-based or ex vivo lentiviral-based gene therapies for 
inherited monogenic diseases.15,16

in vivo ex vivo
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The Unmet Needs in Haemophilia
Patients with haemophilia currently have access to a large variety of treatments including factor replacement products 
and non-factor replacement therapies. Research is continuing to develop even better options.5,19 

Despite the advances in haemophilia treatment, the standard of care today requires regular infusions of coagulation 
factors or non-factor replacement products which creates a high treatment burden for many patients.5

Current unmet needs of patients with haemophilia     
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Repeated bleeds 
into the joints and 
muscles can cause 
chronic pain and 
disability. This can 
have a negative 
impact on patients’ 
quality of life.25, 26

Joint health

The need for regular 
infusions can create 
a high treatment 
burden for some 
patients, which 
ultimately impacts on 
their quality of  
life.21, 22, 23, 24

Patient 
adherence to 

treatment

Patients with 
haemophilia deal with 
an array of challenges 
and emotions related 
to their condition 
(e.g., shame, fear and 
anxiety). The need for 
repeated infusions 
can also place a 
burden on family and 
caregivers, and can 
negatively impact on 
formal education and 
employment.25, 29

Psychosocial 
burden

Current treatments 
with factor 
replacement products 
result in fluctuating 
factor levels. Falling 
below minimum levels 
can increase the 
possibility of break-
through bleeds.5, 20

Maintaining 
factor levels

The development 
of inhibitors are a 
major complication of 
factor replacement 
products and are 
associated with 
significant morbidity, 
and emotional  
strain. 27, 28

Inhibitor 
development



Haemophilia as a Target for Gene Therapy

Haemophilia is a monogenic disease meaning it only affects a single gene 
-   This makes it a good target for gene therapy in order to provide a functional copy of the F8 

or F9 gene.30

Haemophilia is well suited for correction by gene therapy because: 
- Bleeding phenotype is responsive to a wide range of factor levels 
- Precise regulation of factor levels is not necessary.30

The efficacy of the gene therapy treatment of haemophilia can be readily assessed via 
measurement of circulating factor levels and quantifiable endpoints.31
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What Makes Haemophilia a Potential Target for Gene Therapy Approach?



Both haemophilia A and haemophilia B have the aforementioned characteristics making both diseases suitable targets for 
gene therapy. There are also some differences in the practical approaches taken for gene therapy in haemophilia A and 
haemophilia B.

The packaging capacity of the AAV vector, defined by the original size of the AAV vector genome, is approximately 4,7 kilo-
bases (kb) and therefore only small genes can be easily incorporated into the vector. The F9 gene is only 2,6 kb which is 
easier to use compared to the 7 kb F8 gene (even after the removal of the F8 B domain [2,6 kb], which is not needed for 
coagulation function).32 

In addition, the discovery of a FIX variant (FIX-Padua), which yields an approximately 8-fold increase in activity compared 
to wild-type FIX, may allow achieving FIX activity levels with lower vector doses.32

The outcome of AAV-mediated gene therapy is the expression of transgenic FVIII or FIX in hepatocytes. The FIX protein is 
naturally produced by hepatocytes, whereas the FVIII protein is mostly naturally produced by liver sinusoidal endothelial 
cells.30 The fact that hepatocytes do not physiologically synthesize FVIII causes cellular stress and may explain differences 
in liver abnormalities observed following gene therapy in haemophilia A.33

Haemophilia A and haemophilia B are suitable targets for gene therapy
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AAV-based Gene Therapy

What is AAV-based Gene Therapy?

AAV vectors are versatile viral vectors that can be engineered to deliver therapeutic genes to specific tissues and cells.34 

AAV-based gene therapy consists of a capsid (vector) encasing a therapeutic gene (transgene).34  
Administered in a single dose, AAV-based gene therapy enables the delivery of the transgene inside the target cell and the cell uses 
the healthy gene to produce the therapeutic protein to improve or correct the disorder. 

+ =
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Capsid AAV VectorTransgene



AAV-based gene therapy was approved 
for the treatment of spinal muscular 
atrophy in 2019.35

Considerations with AAV vectors

Approved indications

AAV-based gene therapy has been 
approved for the treatment of retinal 
dystrophy in 2018.35

AAV vectors have lower levels of immunogenicity compared with other viral vectors such as retroviruses, lentiviruses and 
adenoviruses.36 

There are many different types of AAV vectors that target specific areas of the body. Some AAV vectors are more precise, 
while others target a wider, less specific range of cells and tissues.36

AAV serotypes can be bioengineered to increase transduction into the target cell.36 

Pre-existing antibodies to certain naturally occurring AAV serotypes may influence eligibility in clinical trials and the 
success of certain AAV-based gene therapies.
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Therapeutic protein, 
e.g. active FIX or 
FVIII protein

Glycosylated cell
surface receptor AAV 

Vector

mRNA
transcription

Protein folding 
Protein traffickingAttachment1

Internalization2

Nuclear import4

Uncoating5

Protein synthesis7

Intracellular 
sorting3

Therapeutic gene 
expression6

Protein secretion8

AAV vector transduction pathway37
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Therapeutic protein, 
e.g. active FIX or 
FVIII protein

Glycosylated cell
surface receptor AAV 

Vector

mRNA
transcription

Protein folding 
Protein traffickingAttachment1

Internalization2

Nuclear import4

Uncoating5

Protein synthesis7

Intracellular 
sorting3

Therapeutic gene 
expression6

Protein secretion8

Transduction of the AAV vector is a multistep process37 

 

Attachment to host cell via targeted glycan receptors 
 
Internalization via receptor-mediated endocytosis 
 
Intracellular sorting occurring in endosomes and the Golgi 
 
Nuclear import through cytoplasmic escape from the  endosome 
and entry into the nucleus 
 
Uncoating of the vector and release of the transgene
 
Therapeutic gene expression through transcription of the   
non-integrating DNA 
 
Protein synthesis

Protein secretion

1

2

3

4

5

6

7

8
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Various late-stage clinical trials are currently underway investigating the efficacy and safety of AAV gene therapies in 
haemophilia A and haemophilia B.38,39

Gene Therapy in Haemophilia
The goals of gene therapy in haemophilia are to:

Reduce or even eliminate spontaneous 
bleeding and the need for lifelong 
regular infusions.19

Provide long-term benefits, with sustained 
factor activity levels from a single 
administration of treatment.32

Current Status of Gene Therapy in Haemophilia
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Potential Challenges and Remaining Issues in Haemophilia Gene 
Therapy 
Despite progress in the development of gene therapy, there are a number of issues that need to be addressed, including:

• Pre-existing immunity to AAV may limit eligibility for haemophilia gene therapy treatment.19 Most clinical trials 
have excluded patients with pre-existing immunity to the corresponding type of AAV vector used in the trial, 
because the presence of pre-existing AAV antibodies can impair the delivery of AAV-vectors.19 However, in one 
trial, patients with pre-existing AAV antibodies were not excluded, and successful transgene expression was 
accomplished despite the presence of anti-AAV antibodies.40

• AAV vector re-administration is not currently considered possible, and AAV-mediated gene transfer is often 
viewed as a “one chance” only therapeutic opportunity.19 This is because following administration of AAV 
vectors, a very robust and long-lived anti-AAV immune response is observed. This immune response is likely to 
neutralise any AAV-vectors which are then readministered.18

• Early transient liver toxicity has been observed in clinical trials, and is marked by mild to moderate increases 
in transaminase levels.19, 33 This was more frequently observed in haemophilia A gene therapy trials.33 The 
reasons behind the development of liver toxicity remain unclear, however some potential mechanisms have been 
identified and remain targets for ongoing research.18
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Collaborative patient-physician interaction and a shared decision making process is key to manage patients expectations 
and navigate different treatment options.17, 19 

• Predicting the durability and level of transgene expression in individual patients are very important.19 

•   In terms of the durability of transgene expression, adult patients with haemophilia B have shown minimal 
evidence of a decline in plasma FIX levels up to 8 years post-administration.19 However, patients with 
haemophilia A have shown a decline in FVIII levels over the first 4 years after administration.19 

• Regarding the predictability of clotting factor levels, currently, there is almost no information available to 
predict individual plasma levels of transgenic protein expression in patients, and there has been significant 
variability in these levels observed in human trials.18

• Long-term follow-up of gene therapy patients will be important to determine whether there are rare, 
unexpected adverse events.19 A theoretical safety advantage of AAV vector delivery is the absence of 
routine integration of vector sequences into the host genome, thus reducing the risk of long-term insertional 
oncogenicity.17, 19 Minimal integration in animal and human studies has been observed, occurring with a frequency 
of between ~1 per 1.000 and 10.000 cells. However, whether AAV gene transfer is associated with an enhanced 
genotoxic risk for oncogenicity remains unknown.18 

• The potential of haemophilia gene therapy in children is unknown.19 All haemophilia gene therapy trials to date 
have only included previously treated adult patients. However, in other diseases, such as spinal muscular atrophy, 
AAV-mediated gene transfer is being used in very young children.18

• The potential of haemophilia gene therapy in inhibitor patients is also unknown. To date, patients with current 
and past histories of FVIII and FIX inhibitors have been excluded from clinical trials.18
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www.HaemEvolution.eu 

How to Get More Information

Explore the advancing science behind gene therapy at: 
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Explore the science behind gene therapy at HaemEvolution.eu

EVERY STEP HAS BEEN  
EVOLVING THE SCIENCE OF  
GENE THERAPY IN HAEMOPHILIA*
We´re working to make gene therapy a reality  
for you and your patients with haemophilia. 
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*Scientific community milestones not specific to CSL Behring haemophilia R&D programmes. 


