
Treatment of Factor VIII 
Inhibitors In and Outside of 

Hemophilia

Marcus E. Carr, Jr, MD, PhD
Professor of Medicine, Pathology, and BioMedical Engineering

Director of the Central Virginia Center for Coagulation Disorders
Virginia Commonwealth University

Richmond, Virginia



Definition of FVIII Inhibitor

An antibody that neutralizes the function clotting 
factor VIII

In hemophilia, the development of an inhibitor 
reduces the response to factor concentrates
- Frequency of bleeds does not increase
- Response to therapy is dramatically reduced

In spontaneous inhibitor patients, the development 
is associated with unprovoked hemorrhage
- Skin, muscle, soft tissue bleeds



FVIII Inhibitors Inactivate FVIII

Boggio, LN, Green D. Rev Clin Exp Hematol. 2001;5:389-404



Inhibition Kinetics According to 
Type of Antibody

Alloantibodies (ie. in hemophilia) exhibit Type I 
kinetics

Can be overwhelmed if at low titer

Autoantibodies (ie. spontaneous) exhibit Type II 
kinetics 

Are not easily overwhelmed by factor 
concentrates



Laboratory Hallmark is Non-
correction the Incubated 1:1 Mix

Boggio, LN, Green D. Rev Clin Exp Hematol. 2001;5:389-404



Inhibitor Strength
The Bethesda Unit

Factor VIII assays are done on 2-hour incubation 
mixtures of various dilutions of the patient’s 
plasma with normal pooled plasma.

A test sample producing a residual Factor VIII 
activity of 50% of normal is considered to contain 
1 Bethesda unit of inhibitor per milliliter.

The inhibitor titer equals the reciprocal of the 
dilution of inhibitor plasma that neutralizes 50% 
of normal Factor VIII.



Pathophysiology - It Starts 
with the Factor VIII Molecule

Boggio, LN, Green D. Rev Clin Exp Hematol. 2001;5:389-404



Activated Factor VIII Lacks 
the B-Domain

Scandella D.  Semin Thromb Hemost. 2002;28:291-96



Factor VIII Must Bind to Multiple 
Enzymes, Proteins and Surfaces

Klinge j, et al. Semin Thromb Hemost. 2002;28:309-22.



Mechanism of FVIII 
Inhibition Varies By 

Antibody Epitope Specificity

Scandella D.  Semin Thromb Hemost. 2002;28:291-96



Inhibitors
in

Hemophilia



Inhibitors in Hemophilia A

Alloantibodies stimulated by exposure to 
exogenous factor concentrate

Incidence of in severe Hemophilia A reported as 
high as 20-25%

Inhibitors much less common (1.5-3%) in 
Hemophilia B



FVIII Inhibitors in Hemophilia

Low Titer Inhibitors (LTI) ≡ ≤ 5 BU/ml
High Titer Inhibitors (HTI) ≡ > 5 BU/ml

Low-Responder - demonstrate minimal or no 
increase in inhibitor titer following factor 
concentrate administration

High-Responder - exhibit high levels of inhibitors
(> 5 BU/ml) following factor usage



Treatment of FVIII Inhibitors

Short Term - Temporary measures to Stop Bleeding
High level VIII replacement
Porcine Factor VIII
Bypassing Agents - FEIBA, AUTOPLEX, rFVIIa
Plasmapheresis

Long Term - Eradication of the Inhibitor
Immune tolerance induction therapy (in Hemophilia)
Immune suppression - steroids, CTX, IVIG
Plasmapheresis and Extracorporeal columns



Treatment of Bleeding in 
Hemophilia A with Inhibitor

Treatment depends on inhibitor strength and type of bleeding
Non-Life-Threatening Hemorrhage
Low titer - high dose human FVIII (100 - 200 U/kg)

or - porcine VIII (100 to 400 U/kg)
High titer - Activated prothrombin complex concentrate

FEIBA, Autoplex (70-75 U/kg q 8 to 12 hrs)
or - recombinant FVIIa (70-100 µg/kg q 2 hrs)

Other - High dose IVIG plus FVIII, plasmapheresis, 
immunoadsorption of FVIII inhibitors



Treatment of Bleeding in 
Hemophilia A with Inhibitor

Life-threatening CNS hemorrhage in plasma-naïve 
patients - treat with recombinant FVIIa

Home Therapy - aPCCs because of longer half-life
unless patient is plasma-naïve

Prophylaxis with aPCCs has not been proven to be of 
benefit

Combined use of aPCCs and antifibrinolytics is not 
recommended due to increased thrombotic risk



Plasma Clearance of rFVIIa Is 
Twice as Fast in Children

Shapiro, A. Semin Hematol. 2001;34(4 Suppl12):26-34.



Although Numbers Are Small, There 
Is Increasing Evidence That High 

Dose rFVIIa Maybe Be Better

Shapiro, A. Semin Hematol. 2001;34(4 Suppl12):26-34.



Treatment to Produce Sustained 
Elimination of the Inhibitor

Immune tolerance therapy
Bonn protocol - High dose VIII plus aPCC

Induces immunotolerance in 87-91%
Malmo protocol - immunoadsorption of inhibitors prior 

to infusion of FVIII with IVIG and cytoxan
Induces immunotolerance in 62%

Main determinant of success - low titer inhibitor at start of 
treatment



PUP Study of Inhibitor Development 
with Concentrate Use

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



Incidence Greater in Severe 
Hemophilia (Both PD and r)

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



Inhibitors Develop with PD and R-
Concentrates - Do Not Differ as to 

Responder Status

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



Most High Responder Inhibitors Occur in 
Severe Patients (Do not differ PD vs r)

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



Mutations Causing Large Changes in 
the VIII Molecule Are Associated with 

Higher Risk of Inhibitor Formation

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



PUP Study: Mutations in Each 
Arm (PD vs r) Were Similar

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



In All PUP Trials to Date, the 
Cumulative Incidence of Inhibitors 

Is About 30%

Kreuz W, et al. Semin Thromb Hemost. 2002;28:285-90



Inhibitors
Outside of
Hemophilia



Acquired Hemophilia 
Characteristics

Autoimmune Disease -----> Autoantibodies
Incidence 0.2-1.0 case per million per year
80-90%  present with major hemorrhages
10-22% mortality attributed to inhibitor
Biphasic age distribution

Small peak in young postpartum women
Major peak in 60-80 years of age



Acquired Hemophilia 
Characteristics

Most individuals are previously healthy
Some have defined or evolving autoimmune or 

lymphoproliferative disease
Systemic Lupus Erythematosus, Rheumatoid Arthritis
Multiple Sclerosis, Graft-vs.-Host after allogeneic BM transplant
Asthma, Inflammatory Bowel Disease, Pempigus
Severe allergic reactions to:

antibiotics
interferon-α
BCG vaccine



FVIII Inhibitors in 
Postpartum Period

Rare
Usually in Primiparas
Occurs within 3 months of delivery
If low titer, generally spontaneously disappears
If >10 BU, may be resistant to all therapy
Etiology Unclear

precursor of autoimmune disease
factor produced by the placenta



FVIII Inhibitors in the Elderly

Associated with malignant lymphoproliferative disorders
Chronic Lymphocytic Leukemia
Lymphoma

Associated with solid tumors - Prostate, Lung
Part of a paraneoplastic process?
Success treatment of underlying disorder leads to 

disappearance of inhibitor in about 20%.



Clinical Manifestations of 
Spontaneous FVIII Inhibitors
Anemia due to occult bleeding
Overt bleeding

most frequently - bruising, muscle hematomas
melena and hematuria
iatrogenic - IV lines, bladder catheterization
post surgical bleeding

Acute complications - compartment syndromes, airway 
compression 2nd to subglottic bleeding



Treatment of Bleeding in 
Factor VIII Autoantibodies

Human Factor VIII Concentrates (if < 5 BU)
Porcine Factor VIII (90 U/kg q 12 hrs) (80%  effective)
Bypassing agents

Recombinant FVIIa (90 µg/kg q 2-6 hrs) (94% effective)
FEIBA (70 U/kg q 8-12 hrs) (81% effective)
Autoplex (>50 U/kg) (75-80% effective)



Side Effects of Treatment of 
Bleeding in Autoantibodies

Porcine VIII - Antibody formation, Thrombocytopenia, 
Allergic Reactions

Recombinant FVIIa - Thrombosis (< 2%) 
FEIBA and Autoplex

Thrombosis
Allergic Reactions
Low risk for transmission of infectious agents



Management of 
Autoantibody to Factor VIII

Immunosuppressive Medications
Prednisone 60 mg/day x 3-6 wks
Work better in low titer, new inhibitors with no 

associated disease
Others

Combined Rx - prednisone plus cytoxan
Cyclosporine, tacrolimus, azathioprine, 
mycophenolate mofetil, rituximab, interferon α, 

Induction of immune tolerance does not work



Response to Corticosteroids Is 
About 50% in Spontaneous FVIII 

Inhibitors

Boggio, LN, Green D. Rev Clin Exp Hematol. 2001;5:389-404
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