
Gene Therapy 101 and Hemophilia 101

Glenn Pierce MD, PhD
La Jolla, CA 

VP, Medical, World Federation of Hemophilia
Chief Medical Officer, Ambys Therapeutics

Entrepreneur-in-Residence, Third Rock Ventures
Former SVP, Hematology, Cell and Gene Therapies, Biogen

Former Head, US Research, Bayer HealthCare



What is Hemophilia?
• Incidence 1 in 10,000 (X-linked recessive)

• ~50,000 PWH in Europe and North America
• Equal opportunity disease
• Predominantly male

• Well characterized genetically and clinically
• Type: FVIII (Hemophilia A) 80-85%
• Type: FIX (Hemophilia B) 15-20%
• Severity:  Severe 60%, Moderate 15%, Mild 25% 

• Deficiency of clotting factor protein in blood
• Blood does not clot properly
• Severe patients (<1% clotting factor) at most risk

NHF Publications 1958

1940s-1960s
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Hemophilia called “the Royal Disease”  because 
Queen Victoria of England (1837-1901) was a carrier.
Her 8th child, Leopold had hemophilia and died of a 
brain hemorrhage at the age of 31.
Two of Queen Victoria’s daughters were carriers and 
passed the disease on to the Spanish, German and 
Russian Royal families.  
Alexandra, the granddaughter of Queen Victoria was 
also a carrier. She married Nicholas, the Tsar of Russia 
and passed the disease on to her son Alexei.
And then…Rasputin and The Russian Revolution

Queen Victoria’s Secret
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What Does Hemophilia Look Like?

• Clinical manifestations
• Internal bleeding into joints, soft tissues
• Significant morbidity and mortality
• ~20-30% PWH with severe hemophilia A develop 

neutralizing antibodies, greatly complicating treatment

• State of the art treatment 
• Prophylaxis (replace missing factor)

• Many plasma-derived and recombinant products available

• Gene therapy promises a cure
• Definition of “cure”?
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Severe Hemophilia Treated ‘On-demand’

Patients are always 
at risk of bleeding-

this is not the 
Standard of Care
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On-demand

Some prophylaxis

More prophylaxis

24/7 coverage

Role of Technology Advances in Evolving Hemophilia Care in Resource Rich Countries
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Complications and Solution (Prophylaxis)
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Challenge of Treatment- Economics

DOI: 10.1111/hae.13758  2019
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Gene Therapy Landscape
Who, What, Why, When, How



What is a gene?
• Humans have about 20,000 genes
• They define who and what we are
• FVIII, FIX, VWF, FVII, FX, FXI, etc

are all genes that can cause 
bleeding if they don’t produce a 
protein that works
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The Continuum of ”Gene Therapy” Technologies
• How might we achieve a cure for monogenic bleeding disorders?

Gene therapy Gene editing

New gene

Cell

Nucleus

New gene inserted into 
the nucleus and protein 

expressed by cell

Cell therapy

New gene transferred into cell 
nucleus, expressed; no removal of 

existing DNA sequence

Corrects faulty gene or inserts 
correct gene in its place

Cell therapy, which transplants whole cells. 
Cells may undergo gene therapy/ editing 

before delivery to recipient

Pipe SW. Gene therapy for hemophilia. Pediatric Blood Cancer. 2017:10.1002/pbc.26865
Cornu TI. Refining strategies to translate genome editing to the clinic. Nat Med. 2017;23(4):415-423. doi: 10.1038/nm.4313

Complexity
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What Is Gene Therapy?
Adeno-associated Virus (AAV) Mediated Gene Therapy

Black Box

DNA code
for therapeutic gene

Almost every genetic and acquired disease has been studied in animal models
>200 human trials using AAV – based gene therapy have been conducted in the past 30 years

ssDNA virus, 2 genes-rep and cap, 20nm, non-pathogenic upon human or animal infection

Image: National Human Genome Research Institute's Talking glossary 
(http://www.genome.gov/glossary/) http://www.abedia.com/wiley/vectors.php

http://www.genome.gov/glossary/)
http://www.abedia.com/wiley/vectors.php
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After 20 Years of Testing in Humans, Therapeutic Factor Levels Achieved
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UniQure AAV5-FIX PADUA bridging study

• Effect of Padua 
(R338L) mutant on 
FIX levels at same 
2E13/kg dose as Ph 
1/2 (~7.5% FIX) 

Von Drygalski et al, EAHAD 2019
Giermasz et al, ISTH 2019

•Update: Phase 3 study 
completed enrollment 
2019, N=55.
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AMT-061 Efficacy: FIX activity at 36 weeks post-treatment
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Mean FIX activity at 36 weeks: 45.0%

*

aPTT, activated partial thromboplastin time; FIX, Factor IX. No immunosuppression required. *May include activity from exogenous FIX replacement. 

*



G Pierce

Sangamo Phase 1/2 study: AAV6-FVIII
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Factor VIII activity: Chromogenic

Konkle BA et al. ISTH 2019 Melbourne, AU, 6 July 2019
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Clinicaltrials.gov, NCT03061201 Factor VIII Circulating Levels (Chromogenic Assay)

Normal level 50-150%
Single infusion of AAV
Started Phase 3

High dose

Low doses
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Phase 3 FIX Padua gene therapy Clinical trials

Drug (sponsor) No. pts @ highest 
vg/kg

Mean steady 
state factor 
activity (% 
normal)

CS or OS 
assay

Prophy 
or 
Reactive 
steroids

Program status

AAV5-FIX, etranacogene
dezaparvovec (AMT-061, 
uniQure

3 @ 2E13 45% (30-54) OS None Ph 3 fully enrolled

AAV-FIX SPK-9001 (Pfizer) 15 @5E11 30 (16-79) OS R Ph3 Information 
blackout
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Phase 3 FVIII gene therapy Clinical trials

Drug (sponsor) No. pts @ highest 
vg/kg

Mean steady 
state factor 
activity (% 
normal)

CS or OS 
assay

Prophy 
or 
Reactive 
steroids

Program status

AAV5-FVIII Valoctocogene
roxaparvovec
(BMN-270, BioMarin)

7 @ 6E13 64% @ 1 yr
33% @ 3 yr

CS
CS

P Long term f/u

16 @ 6E13 (interim) 36@23-26 wk CS R Ph 3: 140 pts
EMA, FDA filing on 
Interim analysis 4Q19

AAV6-FVIII (SB-525, 
Sangamo) 

5 @ 3E13 Normal range CS R Ph 3: Pfizer, run in

AAV LK03-FVIII (SPK-8011, 
Spark)

7 @ 2E12
Information blackout

Not reported OS 
reported

R to P Ph3? Loss of FVIII in 
2/7 pts



By-passing agents for inhibitors

Conventional clotting factors

Extended half life products

Non-factor replacement with no troughs

The Future of Hemophilia Care

Gene th
erapies fo

r H
emA and B

Modified from By Megapixie at English Wikipedia - New version by en:User:Megapixie, Public Domain, https://commons.wikimedia.org/w/index.php?curid=37670832
Christensen, Clayton. 1997. The innovator’s Dilemma: When New Technologies Cause Great Firms to Fail.
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Foundational resource: eLEARNING.wfh.org
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12 years old
2016

Or 100 years later…

Fast Progress for Some, No Progress for Others

70% of population has NO access to treatment 22Pierce
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