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Ever Changing Hemophilia Landscape
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Options for Personalized Medicine

What is personalized medicine?

‘an approach to the practice of medicine that uses information about a 

patient’s unique genetic makeup and environment to customize the 
patient's medical care to fit his or her individual requirements.’
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Current Management in Hemophilia

Prophylactic infusion of factor 
concentrate remains a standard of 
care 

- for all adult and pediatric patients 
with severe hemophilia A & B 

- and those with clinically severe 
phenotype
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Joint Outcomes Study 2007



Joint Outcomes Study: Rethinking Old Data
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Patients with subclinical 
bleeding events

Defining clinically severe 
disease



Defining Prophylaxis Through the Ages
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Exogenous Factor Replacement

Long-term data on safety and efficacy established for SHL products

Data on safety and efficacy of EHL products now established with extensions 
studies, real world clinical data

Adoption of EHLs in Heme A vs. Heme B

Half-life extension limitations thus far in heme A → lesser numbers of 
patients on EHLs?
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Effect of late prophylaxis in hemophilia on joint status
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Never too late to optimize prophylaxis
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EHL Adoption in the US
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Furthering Half-life Extension in Hemophilia A
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BIVV001, a new class of factor VIII replacement for hemophilia A 

that is independent of von Willebrand factor in primates and mice

Ekta Seth Chhabra,Tongyao Liu,John 

Kulman,Susannah Patarroyo-White,Buyue Yang,Qi 

Lu,Douglas Drager,Nancy Moore,Jiayun Liu,Amy M. 

Holthaus,Jurg M. Sommer,Ayman Ismail,Deana 

Rabinovich,Zhan Liu,Arjan van der Flier,Allison 

Goodman,Chris Furcht,Mark Tie,Tyler Carlage,Randy 

Mauldin,Terrence M. Dobrowsky,Zhiqian Liu,Oblaise 

Mercury,Lily Zhu,Baisong Mei,Volker 

Schellenberger,Haiyan Jiang,Glenn F. Pierce,Joe 

Salas,Robert Peters, BIVV001, a new class of factor 

VIII replacement for hemophilia A that is independent 

of von Willebrand factor in primates and mice, 

Blood, 2020, Copyright ©  2021 American Society of Hematology 



BIVV001: Dosing Schedule Similar to Heme B EHLs?
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Non-factor therapies

Approved products

Clinical trial data

Real-world experience & post marketing Data

Emicizumab

Approved 2017 for hemophilia A with inhibitors in US

Approved 2018 for hemophilia A (without inhibitors) in US
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Emicizumab
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Mechanism of Action

Lenting et al. Blood 2017;130(23):2463-2468.

Bispecific Antibody

Comparison with FVIIIa

Lenting et al. Blood 2017;130(23):2463-2468.



Bispecific Antibodies/Factor VIII Mimetics

Efficacy

Bleed control

Target joint Resolution

Safety

Gaining data in real world regarding risks of TMA, thrombosis, other side 
effects

Ongoing clinical trials

Additional Populations?  PUPs, Acquired hemophilia, VWD
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Antithrombin Knockdown

21



Anti-TFPI
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Patient Case 1:  PUP with Severe Hemophilia A
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Gene Transfer and Editing

Several approaches to enable endogenous production of FVIII and FIX are 
now in clinical trials

AAV vector strategy furthest in development

Considerations

Study populations, limiting factors

Short term challenges and toxicity

Efficacy, durability and long-term outcomes



Looking at Efficacy of Gene Therapy
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Annualized bleed rates →

Factor VIII/IX levels
(and sustainability over time)

Dosing free intervals

Bleed free intervals



Discussing Gene Therapy with Patients
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Cellular Therapies
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2006

2013
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Comparison: Lentiviral Vectors/HSC/PLT FVIII and 
AAV/Liver/Plasma FVIII
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Advantage of LV/HSC GT with Pleightlet™

Can include ≈40% of patients who make antibodies to AAV capsid1

Can include ≈30% of patients with inhibitory Abs to plasma FVIII1

May include patients with liver damage1

AAV loss of expression with only one treatment possible, while LV-HSC traditionally treat 
once because expression is stable (multiple times if necessary)2 

Can treat patients ˂18 yrs. as BM proliferates & replicates for life3,4

Ex Vivo HSC manipulation should not transduce germ cells5

Can include diverse (age, gender) population with exception some medical conditions3,4

Has low potential for insertional mutagenesis, clonal expansion, cancer6,7



Protocol Overview
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Key inclusion criteria *

Current: Adult males >18 years of age with severe hemophilia A and high titer FVIII inhibitors (>5 BU). 

IRB Amendment Pending: Adult males >18 years of age with severe hemophilia A with a history of inhibitors 
to FVIII (≥ 0.6 BU)

Diagnosis of severe hemophilia A by undetectable plasma FVIII:C by one-stage PTT-based assay and Coatest 
chromogenic FVIII assay

Subject may use prophylactic therapy with FVIII bypassing agents or FVIII mimetics prior to referral for 
inclusion in the study

Key exclusion criteria *

Medical contraindication to PBSC cytokine mobilization, use of GCSF, PBSC apheresis procedure or 
conditioning regimen

Medically significant organ dysfunction that would prevent compliance with conditioning or would severely 
limit probability of survival based on clinical status

Objective: Determine feasibility of ex vivo lentiviral gene therapy vector Pleightlet™; and incidence of 
sustained platelet engraftment of FVIII-transduced human PBSC, seen 30 days after transplant



HSC Gene Therapy Strategy for Platelets

FVIII for Hemophilia A  

Adapted from Wilcox, DA (2016) Blood; 1247(10):1260-1268

Protocol Summary

FVIII



Protocol Summary

Phase I

Age ≥18 yr old Adult Male (X-Linked disorder)

N 5 Patients with Severe (≤1%FVIII) Hemophilia A with inhibitory 
antibodies to FVIII

Vector -889ITGA2B BDDFVIII WPTS (MUT6) / Pleightlet™

Envelope VSV-G

Source of CD34 (BM, mPB, UCB, more 
than one)

Neupogen/Plerixafor mobilized CD34+ PBSC
Product of Apheresis & ClinicMacs Isolation 

Fresh or frozen Fresh Transduced/Frozen/Thawed Transplant

Target cell dose to infuse ≥ 3x10^6 to ≤20 x 10^6 CD34+PBSC/kg 

Conditioning Fludarabine 40 mg/m2/day x 3 days
Melphalan 120 mg/m2/day x 1 day

Recruit over how many years 5 yrs, FDA request 6 months between pt 1 & 2

Follow-up duration 15 yrs

Funding for trial NIH-NHLBI: U01 GGACT; R01 TAG/Philanthropic CRI MCW
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Mild
Sub-Myeloablative

Conditioning

Fludarabine
40 mg/m2/day

Melphalan
120 mg/m2/day

PBSC
Apheresis

Infusion
Drug Product

CD34+ Selection 
& 

LV Transduction
Pleightlet™

Washout
24 hrs Rest

10 µg/kg/day
Neupogen

(G-CSF)

0.24 mg/kg/day
Plerixafor

Day -30-31 -29 -28 -27 -26 -25 -24 to -4 -3 -2 -1 0

Drug Product
QC testing

Cytokine
Mobilization

Backup
PBSC

Apheresis

≥6 Weeks Prior to Tx

LV HSC Transduction/Transplant CMC Pleightlet™



Case 2:  26 y/o with SHA without prior inhibitor with 
target joint of both ankles
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Key Considerations

Stability of his current joint assessment

No progression →many options

Progression → escalation and/or change of therapy

What is the role for gene therapy?

Personal decision based on many different factors

- Importance of being (nearly) ‘treatment free’

- Patient specific factors gleaned from clinical trials?



Key Challenges

Capacity to balance patient and provider values and suggestions is difficult

Need to change from one model fits all to a more individualize approach

- How do we begin to do this?

In US, delivery of therapy (gene and cellular therapy) will be logistically 
challenging
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Ever Changing → Ever Learning Clinicians and Patients
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