Type 3 VWD: The Biology of Functional Absence

How molecular architecture predicts phenotype, laboratory profiles, and treatment.




Commonness and severity
do not share the same axis.
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The Global Picture

VWD is widely recognized as
the most common inherited
bleeding disorder.
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The Reality of Type 3

Published estimates range
from 0.5 to 4 cases per million
(varying by geography and
consanguinity).

The Teaching Paradox

Type 3 is not simply more
severe type 1—it is a rare
disease existing within a
common disorder.




VWEF acts as a functional bridge between two distinct hemostatic phases.

FVIII Stabilization
The D"D3 region ._\ :
Platelet Adhesion binds and protects
/_‘ VWF elongates under Factor VIII from @ N
shear force to enable premature clearance. N/

Al-mediated platelet s
GPlba binding. // \ p— 7/LE

The Type 3 Defect: The total functional absence of this biological bridge.




Factor VIll plummets because its molecular scaffold is missing.

Normal State Type 3 State - The Ripple Effect |
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The Ripple Effect
rT,
FVIII is not low because the F8 gene is defective.

Without VWF, FVIII survival is drastically shortened, falling into a hemophilia-like
Irle range. The absence of one protein cascades into the rapid clearance of another.




The dual defect creates the broadest bleeding vocabulary of all VWD subtypes.

Unstabilized Factor VI
(Secondary Defect)

Severe epistaxis
Oral/gingival bleeding
Gastrointestinal bleeding
Heavy menstrual bleeding

Hemarthroses
Deep muscle hematomas

Severe postoperative/post-
traumatic bleeding
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Synthesis Note: Among VWD subtypes, Type 3 uniquely crosses the traditional boundary between

platelet-type disorders and coagulation factor deficiencies.




Unique clinical challenges require specialized planning
beyond simple factor correction.

Gastrointestinal
Angiodysplasia

A vascular lesion interacting
with a hemostatic defect.

VWEF biology intersects with
angiogenesis, making Gl
bleeding recurrent, difficult to
localize, and heavily
transfusion-dependent.

Heavy Menstrual
Bleeding

Begins at menarche. Drives

severe iron deficiency, anemia,

and major quality-of-life
impairment (missed
school/work).

Pregnancy & Delivery

Pregnancy physiology does
NOT reliably rescue the
hemostatic defect due to zero
endogenous reserve.

Demands planned VWF
replacement and specialized
anesthesia coordination.




The Laboratory Profile: The defining issue is functional absence.
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VWEF Antigen: Undetectable
(Virtually absent, <2-5 1U/dL)

VWEF Activity: Undetectable
(No platelet-dependent activity)

Multimers: Absent
(No functional structure)

) Factor VIII: Markedly Reduced
4 (Hemophilia-like range due to lack of stabilization)

Sensitive VWF assays and multimer analysis are critical. The exact number alone matters less
than proving the functional absence of the platform.
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Differential Diagnosis: Precise labeling dictates inheritance, //
alloantibody risk, and treatment. |

Type 3VWD Severe Type 1 VWD Hemophilia A e
Primary Defect Virtual VWF Absence Very Low VWF Defective F8 Gene
VWF Level Undetectable Detectable but low Normal IS
FVIII Level Very Low Normal or slightly low Very Low
Inheritance Autosomal Recessive | Autosomal Dominant X-Linked
Phenotype Dual ( + Joint) (Rarely Joint) | Joint/Deep Tissue

Type 3 and Severe Type 1 are not interchangeable labels. When uncertain,
.~ genetic testing clarifies the boundary.



The genetic defect is typically biallelic, holding implications for the entire family tree.
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Reproductive Planning:
Crucial for prenatal and
preimplantation discussions.

Partner Testing:
Necessary in selected contexts
depending on family history.

Heterozygous Carriers:

While often silent, they may have
low/borderline VWF levels and a
mild type-z-like phenotype.

Genotype Mechanics: Driven by null variants,
large deletions, nonsense variants, or frameshifts.
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Genetic testing Is not required to treat an immediate bleed, but it changes the long-term clinical conversation.




Why Desmopressin fails: If the problem is
absence, release therapy cannot solve it.

THE FAILURE

. Stimulate |
Bk dothialilim : Release VWF Stores

No endogenous reserve to release.

THE SOLUTION

Replacement

Thera py

Primary Hemostasis
I Bypass
Empty Stores
Secondary Hemostasis

Exogenous concentrate is the only reliable foundation.




The Foundation of Care:
Restoring both sides of VWF biology.

The Product Question Surgical Target

Plasma-derived VWF/FVIII 2021 ASH/ISTH/NHF/WFH
concentrates vs. VWF-only guidelines suggest
products. Repeated dosing targeting BOTH VWF

requires monitoring for FVIII

accumulation (thrombosis
days after major surgery.

risk), while VWF-only
v b §

activity and FVIII activity at
20.50 IU/mL for at least 3

Activity Activity

products require time for
endogenous FVIII to rise.

Key Concept: Targeting FVIII alone during surgery is insufficient.
The primary VWF defect must be explicitly replaced.




Long-térm prophylaxis shifts the goal from |
treating bleeds to enabling stable living.

Recurrent joint or
muscle bleeding —»
(preventing arthropathy).

Recurrent severe
epistaxis or Gl bleeding.

Bleeding that disrupts
school, work, or —»
independence.

Episodic Bleeding

Stable Living Plateau

Guideline Context

The 2021 ASH/ISTH guideline provides a conditional
recommendation for long-term prophylaxis in patients with
severe, frequent bleeds (with periodic reassessment).

Quality of Life Focus

The ultimate treatment goal is not simply laboratory
correction, but safe participation in life.




A Unique Complication: Alloantibody
formation against infused VWF
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The Mechanism

Patients who have never produced meaningful
endogenous VWF (especially large gene deletions or null
genotypes) may recognize infused VWF as foreign.

Clinical Red Flags

Unexpectedly poor recovery or rapid loss of infused VWF,
Continued bleeding despite appropriate dosing.

Infusion reactions or anaphylaxis.

Management Action

Routine dose escalation is dangerous. Requires specialized
management at an expert bleeding-disorder center.




Future Horizons: The extreme technical challenge of VWF Gene Therapy.

Why it remains preclinical (Not routine care):

Size: VWF is :
1 N making viral vector delivery
ZI NN exceedingly difficult.
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Structure: It is heavily
multimeric and requires
highly complex cellular
processing to fold correctly.
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Mechanics: It is normally 2>
' produced by specific cells £ ©)\ VWE
(endothelial, megakaryocytes) ‘L
and its .

Is critical to
its function in flowing blood.
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Takeaway: Type 3 VWD shows why the future of gene therapy
IS exciting, but also proves why it is technically demanding.




Clinical Synthesis: The 9-Year-Old Boy

The Defect
(Labs)

The Dual Phenotype
(Symptoms)

Undetectable VWF
Antigen

Absent Multimers

FVIII at 4 IU/dL

Absent primary
hemostasis —> Recurrent
epistaxis & large bruises.

| Unstabilized FVIII ->

Ankle hemarthroses.

The Blueprint for Care
(Action Plan)

Desmopressin is
ineffective (no reserve).

Immediate: Exogenous
VWEF Replacement.

Long-term: Assess for
prophylaxis to prevent
further joint damage.

Counseling: Autosomal
recessive inheritance.

Type 3 VWD is not just the absence of a lab value.

It is the absence of a hemostatic platform.




