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Disclosures
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➢ Medical Advisory Board (Last 24 months)

    Genentech, CSL, Octapharma

➢ I will be discussing off-label use of medications
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Objectives

➢ Accurately recognize the inheritance pattern, clinical presentation and 

laboratory evaluation for Hemophilia

➢ Understand the risks and benefits of clotting factor administration for the 

treatment 

➢ Describe 3 approaches to improve the prevention of bleeding events in 

patients with Hemophilia
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Patient 1
➢8 day old male with swollen thigh

➢ NSVD Delivery

➢ Vitamin K IM

➢ NYS Newborn Screen via Heelstick with Oozing

➢ Right Thigh Swelling s/p Hep B Vaccination
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Patient 1
➢8 day old male with swollen thigh

➢ NSVD Delivery

➢ Vitamin K IM

➢ NYS Newborn Screen via Heelstick with Oozing

➢ Right Thigh Swelling s/p Hep B Vaccination

Family History:

Maternal Uncle previously followed at HTC

Deceased @ 30 year of age from HIV Lymphoma
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Patient 1

➢8 day old male with swollen 

thigh

➢ NSVD Delivery

➢ Vitamin K IM

➢ NYS Newborn Screen via 

Heelstick with Oozing

➢ Right Thigh Swelling s/p Hep 

B Vaccination
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Next Steps ?

➢PT: 13.0 secs

➢aPTT: 110 secs
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Next Steps ?

➢FVIII <1%

➢FIX 45%

➢FXI 58%
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Next Steps ?

➢FVIII <1%

➢FIX 45%

➢FXI 58%

➢VWF Antigen: 199 %

➢VWF Risto Co Factor: 200%
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Questions

➢What is your threshold for treatment ?

➢What medication/dose ?

➢What side effects are you concerned about ?

➢When would you start prophylaxis ?

➢Costs/Risks vs Benefits
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History of Hemophilia

2nd Century 
AD

Babylonian 
Talmud

11th  -12 th Century

Albucasis

   Maimonides

19th Century 
 

• Otto (1803)

• Hay (1813)

• Hopff (1828)



The Royal Disease

Rogaaev et al. Hemophilia  (2009)

www.sciencemag.org ( State Archived of Russian Federation)

www.scientificanemrica.com
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Hemophilia A/B are X-linked disorders

https://www.genome.gov/genetics-glossary/hemophilia
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➢1 in 5,000 males (A)
➢1 in 30,000 males (B)

➢30% of cases have NO 
family history

1/3 of patients with hemophilia with no family history

⚫ * Advanced Paternal Age Hypothesis Rossiter et al. Hum. Mol. Gen. 1994, Carcao, M. Unpublished

Wolf and Lassila, 2019, Haemophilia
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Women Can Have Hemophilia

➢ Lyonization of the normal X chromosome

➢ Turner syndrome (XO)

➢ Father with hemophilia / mom as a carrier

➢ vWD type 2N (Normandy) *

* Von Willebrand Disease 
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Intron 22 inversion is the most common mutation

➢Exact defect known: ~ 95%

➢Mild-moderate hemophilia: Missense 85%

➢Severe hemophilia:

Johnsen, J  et al. Blood Advances ( 2017)

https://reference.medscape.com/features/slideshow/hemophilia-a#page=5
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F9 Gene Mutations

Johnsen, J  et al. Blood Advances ( 2017)

➢Missense ( 47%)

➢Nonsense ( 24%)

➢Frameshift (10%)

➢Splice Site ( 6%)
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Prenatal and Genetic Counseling 

➢Ultrasound

➢CVS / Amniocentesis

➢Free Fetal DNA ( Future State)

➢Pre-Implantation Genetic Diagnosis

➢Mode of Delivery

Tsui N B Y et al. Blood 2011;117:3684-3691
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➢No fetal electrodes

➢No FORCEPS

➢No VACCUM

➢Avoid HEELSTICK

➢No IM Injection

➢Cord Blood Sample 

Mode of Delivery

Anderson et al. Hematologica (2019)

Planned Mode of Delivery ICH Risk

Vaginal

- Spontaneous

- Instrumented

- C/S after labor

17/688

8/541

7/68

2/79

2.5%

1.5%

10.2%

2.5%

Cesarean

 

2/125 1.6%
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Hemophilia Presentation

http://www.cdc.gov/ncbddd/hemophilia/data.html
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XIII

Cross-Linked Fibrin Clot

IX, VIII

XII, PK, HMWK

XI

Intrinsic Pathway

Tissue Factor

VII Extrinsic Pathway
(Tissue Factor Pathway)

X, V

II

Fibrinogen (I) Fibrin Monomer

Common Pathway

Coagulation Cascade
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Hemophilia patients have poor thrombin 
generation

Guy Young et al. Blood (2013)
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Laboratory classification of severity

Severe              <1%

Moderate 1- 5% 

Mild  > 5% - 40
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Joint disease progression in hemophilia

http://www.hemophilia.in/
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Stop the bleeding!!

➢High Priority @ Triage

➢Treat first → 

 Diagnostic testing later

➢Treat based on history even in the 
absence of physical signs

➢Patients often bring their clotting factor 
with them
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Factor Replacement

Factor 
VIII

1u/kg raises 
FVIII levels 

by 2%

1/2 life: 12 
hrs

Factor 
IX

1u/kg raises 
FIX levels 

by 1%

1/2 life: 20-24 hrs

• rFIX dosing = 1.3 x pFIX
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High Risk Hemorrhage 

Srivastava et al.  WHF Guidelines for the Management of Hemophilia 3rd Ed. , 2020

Intracranial

Neck/Throat

Gastrointestinal

Life 
Threatening 

Joint

Muscle

• *Ilioposas

Mucosal 
Membrane

• Mouth/Nose/GU

Serious
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Anti-Fibrinolytic Therapy

Relker, N. et al. RPTH ( 2021)

➢Aminocaproic Acid
50- 100mg/kg q6

➢Tranexamic Acid
10-20mg/kg q 8 IV

 1300mg po q8 PO

➢Mucosal Bleeding

➢Adjunctive Therapy
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Advance in safe, effective, home based therapy for 
hemophilia

Whole Blood/ FFP (1950’s)

Cryoprecipitate (1960’s)

Lyophilized FVIII /FIX (1970’s)

Viral Inactivation ( 1985-87)

Long Acting 
(2014)

Subcutaneous (2018)
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Infectious Complications

➢Hepatitis A

➢Hepatitis B

➢Hepatitis C

➢HIV

https://www.hemophiliafed.org/news-stories/2014/03/1980s-hemophilia-hivaids-hepatitis-c/
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HIV Infection impact of hemophilia population

Jones and Ratnoff, 1991 

http://www.niaid.nih.gov/topics/hivaids.
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Treatment- On Demand

Therapy after 
bleeding event

Long Term 
Arthropathy

↓ QoL and  
$$$
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Joint Outcome Study: Prophylaxis 
Randomized Control Trial

Manco-Johnson et al. NEJM (2007)
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Prophylaxis prevents hemarthrosis

Manco-Johnson et al. NEJM (2007)
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Weak correlation of clinical bleeding 
with MRI joint damage

Manco-Johnson et al. NEJM (2007)



Time Below 1% → ↑ Risk of Bleeding

➢ Collins PW, et al J Thromb Haemost. 2009;7(3):413–420.33 Copyright © International Society on Thrombosis and Haemostasis

https://www.dovepress.com/advancing-personalized-care-in-hemophilia-a-ten-yearsrsquo-experience--peer-reviewed-fulltext-article-BTT
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Treatment- Prophylaxis



What is the ideal Target for Prophylaxis ?

Haemophilia

Volume 17, Issue 6, pages 849-853, 5 MAY 2011 DOI: 10.1111/j.1365-2516.2011.02539.x

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2011.02539.x/full#f2

http://onlinelibrary.wiley.com/doi/10.1111/hae.2011.17.issue-6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2011.02539.x/full


Decision Making 

Trough

Other

Physical 
Activity

Schedule

Cost

Delivery

Personal PK

Immunogenicity

Infectious Risk



Adherence

Oldenberg, J. Blood 2015 

Trough Level FVIII

Intervals of Treatment

Costs

Bleeding Trigger:

Activity

Arthropathy

Synovitis

Number of Acceptable Bleeds

(Joint)



Personalized prophylaxis

Haemophilia

pages 131-135, 25 JUN 2012 DOI: 10.1111/j.1365-2516.2012.02838.x

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2012.02838.x/full#f2

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2012.02838.x/full
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Long Acting Agents for Hemophilia

http://www.biopharminternational.com/biopharm/article/articleDetail.jsp?id=317577&sk=&date=&pageID=3

Hobbs, J. http://www.wikilite.com/wiki/index.php/File:Recycling_of_IgG_by_FcRn.jpg /  http://www.transfusion.com.au

http://www.biopharminternational.com/biopharm/article/articleDetail.jsp?id=317577&sk=&date=&pageID=3
http://www.wikilite.com/wiki/index.php/File:Recycling_of_IgG_by_FcRn.jpg
http://www.transfusion.com.au/
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Efaefanesoctocog (rFVII Fc-VWF-XTEN ) 
Extended Half Life T1/2 = 42.5 hours

Konkle et al. NEJM 2020
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Efanesoctocog Alpha

von Drygalski A et al. NJEM 2023



Inhibitors – Alloantibody

➢25 - 30% in severe Hemophilia A

➢3%-10% in Hemophilia B FVIII 
➢ *~ 25% with allergic reaction phenotype

➢Poor Control of Bleeding

➢High Cost, Morbidity and Mortality

Jardim LL, et al, Res Pract Thromb Haemost (2020)

Katz et al. Haemophilia 1996;2:28–31.
Male et al Haematologica (2020)

. 
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Inhibitors 

➢High-titer inhibitor: >5 BU

➢Low-titer inhibitor: <5 BU

➢Transient inhibitor: 

 Persists for 6-8 months or less 

 Usually low titer

Jardim LL, et al, Res Pract Thromb Haemost (2020)



Risk Factors for Inhibitors Development

Peyvandi  and Garagiola, Res Pract Thromb Haemost (2018) 
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Inhibitors develop with median of 14.5 exposure days.
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SIPPET STUDY 
(Survey of Inhibitors in Plasma-Product Exposed Toddlers)

Previously 
Untreated 

Patients ( PUP)

Plasma

All: 26.7 %

High: 18.5%

Recombinant

All: 44.5%

High: 28.4%

Peyvandi, F. et al  NEJM (2016)
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Immunogenicity of Inhibitors

Prezotti ANL, et al Pharmaceuticals (Basel). 2022 

PMCID: PMC9331070.
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Inhibitor Treatment Options

High dose 
Factor 
therapy  

Bypassing 
Agents

Non- 
Factor 

Therapy

Immune 
tolerance: 

NOT 
BLEEDING 
treatment
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Callaghan et al. Blood Advances (2018)

Rethink the approach
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 Non Factor Therapy

➢Emicizumab ( ACE-910)

➢Humanized Bispecific Antibody

➢Half Life ~ 3 weeks

➢No structural homology to FVIII

➢Hemophilia A  with and without 

inhibitors

➢Subcuatneous

Makris, Blood (2016)



Steady State Prevention of Bleeding

Yoneyama et al. Clinical Pharmacokinetics (2018)

Weekly              q 2 weeks        Monthly



Oldenburg J et al. N Engl J Med 2017;377:809-818.

HAVEN-1 :

Adult Inhibitor Patients

BLEEDING.  ↓



Decrease Bleeding vs Prophylaxis
HAVEN 3 ( Non- Inhibitor Patients)



Emicizumab Clinical Data

Franchini M, Marano G, Pati I, et al. Blood Transfus. 2019



Pediatric Emicizumab Clinical Data

Le Quellec, S., 2020. Clinical Evidence and Safety Profile of Emicizumab for the Management of 

Children with Hemophilia A. Drug Design Development and Therapy.. doi:10.2147/dddt.s167731



Pediatric Data – HAVEN 7

Pipe et al. EHAD 2023

Pipe at al. ASH 2022



HAVEN -7 

Pipe et al.  Blood Advances 2023
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New Challenges 

➢Treatment of Acute Bleeding Events

➢Surgical Procedures

➢Risks of Inhibitor Development

➢Role of Immune Tolerance Induction ( ITI)

https://www.goodfreephotos.com/
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Antithrombin Modulation

Ragni, NEJM (2015)
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Antithrombin ATLAS Trials - Fitsuran

Thrombin Generation with AT 

↓

Annual Bleeding Rate 

Pasi et al , JTH (2021)- Phase I Inhibitor Cohort ( ATLAS) 

Sponsor: Sanofi
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Gene Addition Therapy - Hemophilia

Rogers and Herzog, Frontier in Bioscience, (2015), 

George, L. Blood advances (2017)

• Not Dominant Negative

• Molecular Characterization

• Animal Model

• Measurable biomarker

• Phenotype/Genotype Correlation

• Progressive Disease
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Adapted from Lindsey A. George Blood Adv 2017;1:2591-2599

Challenges with Gene Therapy

➢Neutralizing Antibodies

➢Immune Response

➢Dose Response

➢Durable Response

➢Genotoxicity
➢ Integration ?

➢ Dividing Hepatocytes ?

➢ Long Term Risks ?
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Hemophilia B Gene Therapy

➢10 patients

➢Single AAV Vector Infusion

➢Peripheral Vein

➢Factor IX 1-6% expression

➢8 + years of follow up

➢No late toxic effects

➢Stable Expression

Nathwani AC et al. N Engl J Med 2014;371:1994-2004
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Makris  M, Blood 2018;131:952-953

Simioni et al. NEJM, 2009
©2018 by American Society of Hematology

Padua FIX B Gene Therapy
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George LA. Hematology Am Soc Hematol Educ Program ( 2021) ;

Challenges  with Gene Therapy Trials
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HOPE- B ( Phase III – AMT-061)

➢Dose: 2 x 10 ^13
➢No planned immunosuppression
➢Follow up:

➢ 6 month : FIX Activity:: 39 %
➢ 18 month: FXI Activity: 36.9 %

➢ N=1 with HCC
➢ History of HCV
➢ No clear integration event as 

causality
➢ Increased liver US screening 

Miesbach et al. EHAD 2022

Schmidt et al. ISTH 2021

Sponsor: Uniqure/CSL
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HOPE- B ( Phase III – AMT-061)

Coppens, Lancet 2024

Sponsor: Uniqure/CSL
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Hemophilia A Gene Therapy – Durability 

Pasi KJ, et al. NEJM 2020

Sponsor: Biomarin
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Hemophilia A Gene Therapy – Durability 

Leavitt AD ( ISTH 2024)

Sponsor: Biomarin



Active Gene Therapy Trials:

Pipe SW, et al. Curr Gene Ther. (2023); PMID: 36111754



Active Gene Therapy Trials:

Pipe SW, et al. Curr Gene Ther. (2023); PMID: 36111754



HematologyEducationOnline  Slide 81  October 3, 2024


	Slide 1: Hemophilia
	Slide 2: Disclosures
	Slide 3: Objectives
	Slide 4: Patient 1
	Slide 5: Patient 1
	Slide 6: Patient 1
	Slide 7: Next Steps ?
	Slide 8: Next Steps ?
	Slide 9: Next Steps ?
	Slide 10: Questions
	Slide 11: History of Hemophilia
	Slide 12: The Royal Disease
	Slide 13: Hemophilia A/B are X-linked disorders
	Slide 14: 1/3 of patients with hemophilia with no family history
	Slide 15: Women Can Have Hemophilia
	Slide 16: Intron 22 inversion is the most common mutation
	Slide 17: F9 Gene Mutations
	Slide 18: Prenatal and Genetic Counseling 
	Slide 19: Mode of Delivery
	Slide 20: Hemophilia Presentation
	Slide 21: Coagulation Cascade
	Slide 22: Hemophilia patients have poor thrombin generation
	Slide 23: Laboratory classification of severity
	Slide 24: Joint disease progression in hemophilia
	Slide 25: Stop the bleeding!!
	Slide 26: Factor Replacement
	Slide 27: High Risk Hemorrhage 
	Slide 28: Anti-Fibrinolytic Therapy
	Slide 29: Advance in safe, effective, home based therapy for hemophilia
	Slide 30: Infectious Complications
	Slide 31: HIV Infection impact of hemophilia population
	Slide 32: Treatment- On Demand
	Slide 33: Joint Outcome Study: Prophylaxis  Randomized Control Trial
	Slide 34: Prophylaxis prevents hemarthrosis
	Slide 35: Weak correlation of clinical bleeding  with MRI joint damage
	Slide 36: Time Below 1%   ↑ Risk of Bleeding
	Slide 37
	Slide 38: What is the ideal Target for Prophylaxis ?
	Slide 39: Decision Making 
	Slide 40: Adherence
	Slide 41: Personalized prophylaxis
	Slide 42: Long Acting Agents for Hemophilia
	Slide 43: Efaefanesoctocog (rFVII Fc-VWF-XTEN ) Extended Half Life T1/2 = 42.5 hours
	Slide 44: Efanesoctocog Alpha
	Slide 45: Inhibitors – Alloantibody
	Slide 46: Inhibitors 
	Slide 47: Risk Factors for Inhibitors Development
	Slide 48: Inhibitors develop with median of 14.5 exposure days.
	Slide 49: SIPPET STUDY  (Survey of Inhibitors in Plasma-Product Exposed Toddlers) 
	Slide 50: Immunogenicity of Inhibitors 
	Slide 51: Inhibitor Treatment Options
	Slide 52
	Slide 53:   Non Factor Therapy
	Slide 54: Steady State Prevention of Bleeding
	Slide 55: Oldenburg J et al. N Engl J Med 2017;377:809-818.
	Slide 56: Decrease Bleeding vs Prophylaxis HAVEN 3 ( Non- Inhibitor Patients)
	Slide 58: Emicizumab Clinical Data
	Slide 59: Pediatric Emicizumab Clinical Data
	Slide 60: Pediatric Data – HAVEN 7
	Slide 61:    HAVEN -7 
	Slide 62: New Challenges 
	Slide 63: Antithrombin Modulation
	Slide 64: Antithrombin ATLAS Trials - Fitsuran
	Slide 65
	Slide 66: Gene Addition Therapy - Hemophilia
	Slide 67
	Slide 68: Hemophilia B Gene Therapy
	Slide 69
	Slide 70
	Slide 72: HOPE- B ( Phase III – AMT-061)
	Slide 73: HOPE- B ( Phase III – AMT-061)
	Slide 75: Hemophilia A Gene Therapy – Durability 
	Slide 77: Hemophilia A Gene Therapy – Durability 
	Slide 78: Active Gene Therapy Trials:
	Slide 80: Active Gene Therapy Trials:
	Slide 81

