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Disclosures

Ø Research support: (Last 24 Months)
    Biogen/Sanofi, Roche/Genentech, Spark, Pfizer, Takeda/Shire

Ø Medical Advisory Board (Last 24 months)
    Genentech, CSL, Octapharma

Ø I will be discussing off-label use of medications
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Learning Objectives

Ø Accurately recognize the inheritance pattern, clinical presentation and 
laboratory evaluation for Hemophilia

Ø Understand the risks and benefits of clotting factor administration for the 
treatment 

Ø Describe 3 approaches to improve the prevention of bleeding events in 
patients with Hemophilia
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Hematology Consult Clinic

Maternal History

https://www.factorix.org/

Ø Prenatal Genetic Screening :
Ø Factor 9 (F9) Variant : c.277+4A>G

Ø Referred by OB/GYN to 
Hematology
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Hemophilia A/B are X-linked disorders

https://www.genome.gov/genetics-glossary/hemophilia
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Ø1 in 5,000 males (A)
Ø1 in 30,000 males (B)

Ø30% of cases have NO 
family history

1/3 of patients with hemophilia with no family history

l * Advanced Paternal Age Hypothesis Rossiter et al. Hum. Mol. Gen. 1994, Carcao, M. Unpublished
Wolf and Lassila, 2019, Haemophilia
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Representation in Hemophilia Clinical Trials

Fedewa et al,  Blood Advances 2024
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Women Can Have Hemophilia

Ø Lyonization of the normal X chromosome

Ø Turner syndrome (XO)

Ø Father with hemophilia / mom as a carrier

Ø vWD type 2N (Normandy) *

* Von Willebrand Disease 
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Prenatal and Genetic Counseling 

ØUltrasound
ØCVS / Amniocentesis
ØFree Fetal DNA ( Future State)
ØPre-Implantation Genetic Diagnosis
ØMode of Delivery

Tsui N B Y et al. Blood 2011;117:3684-3691
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Prenatal Diagnosis ….

Maternal History

PTT: Normal

FIX Level: 70 %

History:  ISTH BAT=0

Fetal History:

CVS confirmation
Ø Factor 9 (F9) Variant : c.277+4A>G

https://www.factorix.org/
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F9 Gene Mutations

Johnsen, J  et al. Blood Advances ( 2017)

ØMissense ( 47%)
ØNonsense ( 24%)
ØFrameshift (10%)
ØSplice Site ( 6%)



HematologyEducationOnline  Slide 12  October 1, 2026

Intron 22 inversion is the most common mutation

ØExact defect known: ~ 95%
ØMild-moderate hemophilia: Missense 85%
ØSevere hemophilia:

Johnsen, J  et al. Blood Advances ( 2017)
https://reference.medscape.com/features/slideshow/hemophilia-a#page=5
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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)
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The Royal Disease

Rogaaev et al. Hemophilia  (2009)
www.sciencemag.org ( State Archived of Russian Federation)
www.scientificanemrica.com
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ØNo fetal electrodes
ØNo FORCEPS
ØNo VACCUM
ØAvoid HEELSTICK
ØNo IM Injection
ØCord 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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https://guardian-study.org/overview/
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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!!

ØHigh Priority @ Triage

ØTreat first à 
 Diagnostic testing later

ØTreat based on history even in the 
absence of physical signs

ØPatients 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)

ØAminocaproic Acid
50- 100mg/kg q6

ØTranexamic Acid
10-20mg/kg q 8 IV
 1300mg po q8 PO

ØMucosal Bleeding
ØAdjunctive Therapy
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Anti-Fibrinolytic Therapy

Relker, N. et al. RPTH ( 2021)

Aminocaproic 
Acid

Tranexamic Acid

Mucosal 
Bleeding

Relker, N. et al. RPTH ( 2021)
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Advances in safe, effective therapy

Whole Blood/ FFP (1950’s)

Cryoprecipitate (1960’s)

Lyophilized FVIII /FIX (1970’s)
Viral Inactivation ( 1985-87)

Long Acting 
(2014)

Subcutaneous (2018)

Gene Therapy  (2022)
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Infectious Complications

ØHepatitis A

ØHepatitis B

ØHepatitis C

ØHIV

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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Aging with Hemophilia

Leandowska, L. and Lim. M  ASH Education Program (2025).
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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)
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Time Below 1% à ↑ Risk of Bleeding

Ø 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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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
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2011.02539.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2011.02539.x/full
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Decision Making 

Trough

Other

Physical 
Activity

Schedule

Cost
Delivery
Personal PK
Immunogenicity
Infectious Risk
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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
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2012.02838.x/full
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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Efanesoctocog alfa
rFVIIIFc-VWF-XTEN ( BIV001)

ØNovel Fusion Protein
ØBreakthrough the ceiling of VWF clearance

FVIII fused to VWF fragment with :
Ø D’D3 Domain * 
Ø Dimeric Immunoglobulin G1 Fc
Ø XTEN Polypeptides

*Blocks the binding of FVIII with endogenous VWF

Konkle et al. NEJM 2020
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Extended Half Life T1/2 = 45.8 hours

Konkle et al. NEJM 2020
von Drygalski A et al. NJEM 2023
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Inhibitors – Alloantibody

Ø25 - 30% in severe Hemophilia A

Ø3%-10% in Hemophilia B FVIII 
Ø *~ 25% with allergic reaction phenotype

ØPoor Control of Bleeding

ØHigh 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 

ØHigh-titer inhibitor: >5 BU

ØLow-titer inhibitor: <5 BU

ØTransient inhibitor: 
 Persists for 6-8 months or less 
 Usually low titer

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

ØEmicizumab ( ACE-910)
ØHumanized Bispecific Antibody
ØHalf Life ~ 3 weeks
ØNo structural homology to FVIII
ØHemophilia A  with and without 

inhibitors
ØSubcuatneous

Makris, Blood (2016)
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Steady State Prevention of Bleeding

Yoneyama et al. Clinical Pharmacokinetics (2018)

Weekly              q 2 weeks        Monthly
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HAVEN-1 :
Hemophilia A  Inhibitor Patients
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HAVEN -3 –  Hemophilia A Non-Inhibitor 

Oldenberg et al. NEJM ( 2018))
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Emicizumab Clinical Data

Franchini M, Marano G, Pati I, et al. Blood Transfus. 2019
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HAVEN -7 

Pipe et al.  Blood Advances 2023
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Era of Emicizumab …..

ØTrauma/ Breakthrough Bleeding
ØInterference with Lab Testing
ØInhibitors Development
ØImmune Tolerance Therapy

Han et al.  Blood Advances 2023
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Rebalancing Agents

Thilo and Hermans, Hematologica ( 2025)
Callaghan et al. Blood Advances (2018)
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Rebalancing Agents

Adapted . Thilo and Hermans, Hematologica ( 2025)

Subcutaneous 
Use in inhibitor patients
Long half life
Limited Monitoring
Storage
Populations:
• Hemophilia B
• Rare Bleeding Disorders

Risk of Thrombosis
Monitoring
• Specialized Assay
• AT/ TFPI Levels
Anti-Drug Antibody Risk
Individualized Plans
Limited Data
• Acute Management
• Surgical Plans
• ITI / Bypassing Agents

St
re

ng
th

s
Lim

itations
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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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Anti -Tissue Factor Pathway Inhibitor

Chowdary P. Drugs. 2018 Jun;78(9):881-890
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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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Challenges with Gene Therapy

Adapted :  George LA. Hematology Am Soc Hematol Educ Program ( 2021) ;
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AAV Based Gene Therapy - Hemophilia

Protein 
Synthesis

Transduction

Delivery to 
Target Tissue

Ohmori et al JTH (2015)
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Hemophilia B Gene Therapy

Ø10 patients
ØSingle AAV Vector Infusion
ØPeripheral Vein
ØFactor IX 1-6% expression
Ø13 + years of follow up
ØNo late toxic effects
ØStable Expression

Nathwani AC et al. NEJM ( 2014)
Riess et al. NEJM ( 2025)
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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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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

Factor VIII Activity Level BMN-270 6x 10e13
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Hemophilia A Gene Therapy – Durability 

Leavitt AD ( ISTH 2024)
Sponsor: Biomarin


