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Hemophilia can lead to organ and tissue 
damage and can be life-threatening

• Genetic mutations result in the deficiency of 

factors critical to the normal process of 

coagulation 

• Results in spontaneous bleeding into soft tissue, 

joints, and internal organs

• Frequent bleeds lead to crippling arthropathy 

• Life-threatening complications include bleeding 

in the skull and hemorrhages in soft tissue 

around airways or other internal organs
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Increasing factor activity (FVIII or FIX) 
reduces disease burden 

Severity Bleeding Tendency Frequency of 
Bleeds

Arthropathy

Severe
(Factor <1%) 

Spontaneous bleeds 1-2 times per 
week

Common

Moderate
(Factor 1-5%)

Bleed with slight injury or
sometimes 
spontaneously

1 time per month Less common

Mild
(Factor >5–40%)

Trauma or surgery Infrequent Rare

• The two most common factors involved in forming clots are factor VIII 
and factor IX

• Hemophilia A is caused by a lack of factor VIII (85% of cases)

• Hemophilia B is caused by a lack of factor XI
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Therapies exist, but advances are needed

• Clotting factor prophylaxis dosed 2-3x/wk (100 -150 IV doses/yr)

• Episodic treatment with clotting factor for breakthrough bleeding episodes

• Non-factor therapy (Hemlibra/emicizumab) - (SC q 1-4 Weeks )

Current
Treatment

Options 

• Maintain factor levels > 1% converting patients from severe to moderate

• Prevent/reduce bleeding frequency and subsequent complications

• Prevention of intracranial hemorrhage, other serious bleeds and pain, 

improvements in QOL, and reduction in long-term disability.

• Impaired QoL due to frequent IV infusions and complications of treatment

• Substantial financial cost associated with a lifetime of therapy and clinic 

visits

• Require lifelong access to specialized treatment centers

Benefits

Limitations
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Hemophilia is an ideal target for gene 
therapy 

Caused by diminished function of a single protein, which in 
turn is caused by alteration (mutation or deletion) of a single 
gene 

One-time therapy

Potential to provide greater therapeutic effect

Reduces or eliminates the need for infusions

Well established endpoints and study designs allowing for 1-
way cross over trials 
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Pfizer has ongoing Gene Therapy 
programs for both Hemophilia A and B



Study Design and Endpoints
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Hemophilia Gene Therapy lends itself to 
one-way crossover design

PROS CONS
• Precedent from previous trials
• Confidence on natural history
• Controls for factors that may 

influence bleeding outcomes
• Well accepted analysis methods to 

account for within-participant 
correlation 

• Smaller sample size
• More appealing to participants as 

everyone receives experimental 
therapy

• Non randomized 
• ‘Regression to mean’ can be an 

issue for non-randomized, open-
label studies, 
• remedied by large treatment effect

• Prospective collection of experience 
on standard therapy requires longer 
follow up of individual participants 
• retrospective data collection may be 

subject to recall bias/missing data

• Ensuring consistent reporting of 
data, particularly eDiary data before 
and after vector infusion
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Annualized bleed rate is a direct measure, 
however it is not without limitations

• Approved products based on reduction of annualized bleed rate (ABR) 

• Relatively infrequent events (~4 bleeds/year) on prophylactic regimens 
require non inferiority (NI) designs with a potential to test superiority 

• Decision by a patient to treat a possible bleeding episode is subjective

Human Gene Therapy for Hemophilia Guidance recommends: 
• NI design with ABR as the primary efficacy endpoint; however 

‘more objective endpoints’ are desired.
• Baseline dose stability (e.g. participants not requiring dose 

adjustments to their prophylactic therapy in the prior 6 to 12 
months) facilitates efficacy assessments following gene therapy. 
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Non-Inferiority or Superiority or both?

Choice of active 
control:  Poorly 

compliant 
prophylaxis patients 

will limit 
extrapolation

Non inferiority 
margin:  prophylaxis 

vs. on-demand 
treatment as the 
reference therapy 
and considered to 

the 95%-95% 

method

Sample size 
estimation:  what is 

the assumed 
treatment benefit of 

the experimental 
treatment?

Will superiority also 
be considered:  
impact on the 
sample size?

NI is met:
Establish other 

benefits of 
experimental 

therapy
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Despite precedent with ABR, agreement on 
analysis methods are needed

• Variable:  

• Treated bleeds vs. all 
bleed?  

• Are bleeds in the same 
location occurring in a 
short window distinct 
bleeds?

• Population summary:
• Poisson vs. negative 

binomial
• Log link vs. identity link
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Resumption of prophylaxis therapy is the 
primary intercurrent event of interest

• Treatment condition of 
interest:  the effect of 
gene therapy in the 
absence of 
administration of routine 
prophylactic therapy

• Intercurrent event: 
resumption of standard 
prophylaxis therapy



Factor Activity Over Time

Standard Prophylaxis Therapy Biomarin Gene Therapy for Hemophilia A
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Factor activity is a natural surrogate 
endpoint

Thrombosis Journal 2016, 14(Suppl 1):32 

https://investors.biomarin.com/2020-06-17-BioMarin-Provides-Additional-Data-from-

Recent-4-Year-Update-of-Ongoing-Phase-1-2-Study-of-Valoctocogene-Roxaparvovec-

Gene-Therapy-for-Severe-Hemophilia-A-in-Late-Breaking-Oral-Presentation-at-World-

Federation-of-Hemophilia-Virtual-Summit
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Discrepancies in assays to measure factor 
activity present challenges

Haemophilia, Volume: 22, Issue: 3, Pages: e192-e199, First published: 31 March 2016, DOI: (10.1111/hae.12925) 
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Analysis of factor activity requires 
additional consideration

Comparisons to a fixed threshold due to peaks and troughs 
noted earlier for standard prophylaxis therapy 

What is the optimal assessment of factor activity?

• Levels at certainly intervals (e.g. yearly)?

• Geometric mean over time?

Correlating factor levels with relevant clinical outcomes 
requires long term observation

• Leverage early phase trials?

• Seek accelerated approval with post-approval follow-up?

Need to include a washout period following factor replacement 
therapy to measure factor activity. 
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FDA rejected approval of BioMarin’s 
Hemophilia A gene therapy
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Other potential benefits of gene therapy

• Decrease in:

• Number of infusions administered (annualized infusion rate)

• Factor consumption (annualized consumption)

• Bleeds to specific locations of concern (e.g. joints)

• Number of participants with treated bleeds

• Improvements in:

• Joint health (Hemophilia Joint Health Score)

• Quality of Life



Safety Assessment of Gene Therapy
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Gene therapy requires specific safety 
assessments

Potential immune response to the vector capsid

Potential for thrombosis (blood clots) due to high levels of 
clotting factors

Potential to develop factor inhibitors

Vector shedding assessments to understand the potential 
risk of transmission 
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Regulatory guidance recommends follow 
up for up to 15 years

Short Term Monitoring Long Term Monitoring

Monitoring factor activity levels and liver function 
frequently and until steady state factor levels are 
reached. 

Periodic monitoring for levels of vector-related 
antibodies

Monitoring for inhibitor antibodies to factor VIII or 
factor IX 

Assessing for viral shedding

Continue less frequent assessments of factor activity

Screening for hepatic malignancies and testing for 
hepatic function

Monitoring for inhibitor antibodies to factor VIII or 
factor IX.

Monitoring for the emergence of new clinical 
conditions, including new malignancies and new 
incidence or exacerbation of pre-existing neurologic, 
rheumatologic, or autoimmune disorders.

Clinical evaluations and imaging to assess the impact 
of steady state factor activity levels on long-term 
functional and structural outcomes of hemophilic 
arthropathy.
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Consider leveraging decentralized data 
collection and/or registries

Reduce travel to sites

Reduce time at sites during yearly follow up by allowing many 
assessment to be performed at home prior to site visit 

Reduce loss to follow up



Pediatric Development
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The development of new therapies in 
pediatric patients is critical

First bleeds typically occurring around 10-12 months and 
2-5 years of age respectively for persons with severe and 
moderate/mild hemophilia

Teething and the administration of childhood vaccinations 
can be complicated by excessive bleeding

A significant proportion of hemophilic children have:

• below-normal performance in motor skills, 

• lower-than-anticipated academic performance, and

• more behavioral or emotional challenges 

Early treatment has the potential to result in more profound 
outcomes especially at the level of joint status 



26

There are additional uncertainties and 
challenges in pediatrics 

Clinical manifestations are similar in adults and children

the lower rates of nAb positivity would allow more patients to be 
eligible given the increased prevalence of nAb positivity with age. 

Without data to the contrary, it is assumed that gene therapy can 
be dosed only once

Potential of a different dose-response to treatment

Potential ↓ factor activity over time due to the impact of growth and 
development (primarily liver growth and dilution due to increased 
blood volume with somatic growth) on transgene stability.
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There are some practical considerations 
for pediatric trials

Sample Size:  
Differences in growth 

by age may require   
different age cohorts 
with hypotheses per 

cohortCollection of data on 
Prior Therapy:  

retrospective data 
may be more 

acceptable if data 
can be clearly 
documented

Number of Prior 
Exposure Days:  

Generally 50 in adult 
trials to reduce 

chances of inhibitors; 
may not be feasible in 

young children



Conclusions
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Gene therapy holds promise for the 
treatment of hemophilia

• Historical study designs can be 
leverages for gene therapy trials with 
practical considerations for endpoints 
such as factor activity

• Gene therapy trials require substantial 
long-term follow-up compared to other 
novel therapies and thus considerations 
to reduce loss to follow up are 
necessary

• Liver growth in pediatric patients may 
impact long-term outcomes


