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Outline

* Brief reminder of coagulation cascade
* Rare coagulation defects (RCD’s)
* Treatment including women & pregnancy/delivery

e Research



Rare coagulation deficiencies

* Factor | (1 in 1 million)

e Factor Il (1 in 2 million)

e Factor V (1 in 1 million)

 Factor VIl (1 in 500,000)

* Factor X (1 in 500,000-1 million)

* Factor Xl (1 in 500,000)

 Factor XIII (1 in 2 million)

* VKDCFD (reported in <30 families worldwide)

* Type 3 Von Willebrand disease (0.5 in 1 million)




Coagulation cascade — the old
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Cellular model of coagulation

INITIATION +» AMPLIFICATION +» PROPAGATION
pruthmn'lhln (l free vWF fibrinogen (l)
' Klll

’[I‘Irﬂmhll'l (lla) ——= /||l WE

pru-thr'ﬂmhln (ll} —= THROMBIN (lla)

TF- 'l.n"IIa

l‘.'.‘rEHJI:IL PAHH P2Y12/ADF  FIBRIN




Platelets to be specific
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Size matters
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The really new
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RCD Overall

 RCD’s are characterized by a wide variety of symptoms — from mild to
severe

* Which can vary significantly between each disease, and from one
patient to another

* Most typical symptoms are mucosal tract bleeding and excessive
bleeding at the time of procedures

e Life threatening bleeding (ICH) mostly only present in
afibrinogenemia and FXIII
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Table 2
Severity classification system proposed by the Factor VIII and Factor IX of the
ISTH [9].

Deficiency Laboratory phenotype

Coagulant activity

S everl ty Severe Moderate Mild
C | CRN Iﬂ Cat 10NS Fibrinogen Undetectable clot 0.1-1 g/L >1g/L
Prothrombin Undetectable activity =10% > 10%
Factor V Undetectable activity < 10% =>10%
Combined FV and FVIII < 20% 20-40% > 40%
Factor VII < 10% 10-20% > 20%
Factor X < 10% 10-40% > 40%

Factor XIII Undetectable activity < 30% =30%




Factor | (Fibrinogen) P

e Quantitative (mostly AR) APTT
* Afibrinogenemia t t

* Hypofibrinogenemia

e Qualitative (mostly AD) Fibrinogen
e Dysfibrinogenemia l
* Hypodysfibrinogenemia

* Afibrinogenemia are the most severe (joint bleeding, umbilical stump
bleeding & spontaneous ICH)



Treatment

* Some patients with afibrinogenemia may benefit from prophylaxis
* Risk of developing thrombotic events makes standardization difficult

* Patients with hypofibrinogenemia and dys rarely spontaneously bleed
(more often related with injury or surgery) where thrombosis is well
established

* Hypodysfibrinogenemia are more prone to develop thrombosis
* However family studies DO NOT show complete segregation

* Therefore all treatment has to be tailored to the individual patient



Treatment choices

* 3 fibrinogen concentrates available worldwide
e RiaSTAP® is Australia’s current product (plasma derived)

* Half life of it is 2-4 days — dosing depends on what you are using it for
e 70mg/kg is a standard dose

* Cryoprecipitate or FFP



Summary of treatment

Trough levels

Deficient factor Plasma halfife Previously reported EN-RBD* Available treatment

On-demand dosages Long-term prophylaxis dosages
Fibrinogen 2-4d 0.5-1 g/L 1g/L Cryoprecipitate 15-20 ml/kg 1 bag/10 kg/7-10 d
FFFt 15-30 mL/kg —
Fibrinogen concentrate 50-100 mg/kg 20-30 mg/kg/wk

Deficient factor Maintaining level Minor surgery

Major surgery

Fibrinogen >1 g/L until wound healing | If necessary cryo, FFP, or specific missing Fibrinogen concentrate: 50-100 mg/kg
factor should be considered for 1-3d, based | before surgery, daily, or every-other-day
on the type of surgery; the use of TA may infusion in the first 4-6 d, then increase the

reduce the need for factor concentrates: the interval (first 48 h requires daily evaluation;
first dose should be given immediately it is important not to exceed)
| P SIS [ 1 | W SR, I P 1 SRy |




PT t
APTT t

Fibrinogen Normal

Prothrombin deficiency (Factor Il)

* Autosomal recessive (AR)

* Hypoprothrombinemia

e Dysprothrombinemia

 The complete absence is not compatible with life

* Hypoprothrombinemic patients may present with
* Post injury bleeding, mucosal bleeding, haematomas and haemarthrosis

* Patients with levels >30% or dysprothrombinemia may be completely
asymptomatic



Treatment

* No specific plasma derived or recombinant prothrombin products are
available

* In severe clinical settings, FFP or PCCs can be used

* PCCs (prothrombin complex concentrates)

4 factor PCC (Beriplex®) = Factor II, VII, IX and X & Protein C & S
4 factor aPCC (FEIBA®) = Factor I, FVII, IX and X

* PCC’s may be associated with thrombotic risk



Summary of treatment of Fll

Trough levels

Deficient factor Plasma half-life Previously reported EN-RBD* Available treatment On-demand dosages

Long-term prophylaxis dosages

Prothrombin 3-4d 20%-30% =10% ‘ FFFPT ‘ 15-25 ml/kg ‘

| PCC ‘ 20-40 Urkg | 20-40 U/kg once/wk

Deficient factor Maintaining level Minor surgery Major surgery

. If necessary cryo, FFP, or specific missing ) .
Prothrombin >20% factor should be considered for 1-3d, based PCC: 20-40 IU/kg before surgery with further
10-20 |U/kg/48 h (monitoring of

on the type of surgery; the use of TA may L2 . :
reduce the need for factor concentrates: the coagulation is required in the first 48 h)

first dose should be given immediately
before starting if IV or 2 h if oral

Deficiency Notes

Fll Limited available data




Factor V

* Autosomal recessive (AR)
* Most frequent symptoms are epistaxis and heavy menstrual bleeding

* 14% of patients experience spontaneous major bleeding, including
CNS haemorrhage requiring prophylaxis

PT t
APTT t

Fibrinogen Normal



Treatment

* The first FV concentrate has been recently developed — still in pre-
clinical trials

* FFP or platelets are only options
* Platelets contain FVa (engulfed from plasma)



Summary of treatment FV

Trough levels

Deficient factor Plasma half-life Previously reported EN-RBD* Available treatment On-demand dosages

Long-term prophylaxis dosages

Fv 36 h 10%-20% 10% FFPT 15-25 ml/kg 20 mblkg 2 times/wk

Platelet transfusions could be considered, with particular attention on alloimmunization

Deficient factor Maintaining level Minor surgery Major surgery

FV >15%-20% If necessary cryo, FFP, or specific missing FFP*: 15-25 ml/kg before surgery with
factor should be considered for 1-3 d, based further 10 mL/kg/12 h, if required
on the type of surgery; the use of TA may (monitoring of coagulation is required in

reduce the need for factor concentrates: the the first 48 h)
first dose should be given immediately
before starting if IV or 2 h if oral

Deficiency Notes

Fv Women with low FV levels appear to be at increased risk of PPH, hence replacement therapy with FFP is
recommended to raise FV level to >15%-25%




Factor VII deficiency

* Autosomal recessive (AR)
* One of the most common RCD - represents 1/3 of all RCS
* Ranges from severe bleeding to asymptomatic

* Most frequent symptoms are epistaxis and heavy menstrual bleeding
where as joint bleeding is seen in ~16%
PT t

APTT Normal

* Some FVIl variants can give rise to different levels
(depending on source of tissue factor)

Fibrinogen Normal



Treatment

 Recombinant FVlla (Novoseven®)

* Despite the short half life, regular prophylaxis of 2-3 infusions per
week appears to be sufficient

* Dosing lower than used in FVIII inhibitor patients

* Longer acting FVlla molecular are under study

* rVIla-FP — shows a 3-4 fold half life extension

* rVlla-Fc has a 5.5 times longer half life in mice

* None of these have been used in FVII deficient patients (yet)



Summary of treatment of FVII

Trough levels

Deficient factor Plasma halfife Previously reported EN-RBD* Available treatment On-demand dosages Long-term prophylaxis dosages
Fvil 4-6 h 10%-15% =20% FFPt — 10-15 mlskg 2 times/wk
pd-FVIl concentrate 30-40 U/kg 30-40 Ufkg 3 timesfwk
rFVila 15-30 pg'kg every 46 h 20-40 mglkg 2-3 times/wk

Deficient factor Maintaining level Minor surgery Major surgery

FVII >20% If necessary cryo, FFP, or specific missing rFVlla: 15-30 mg/kg before surgery and
factor should be considered for 1-3 d, based every 4-6 h, in the first 24 h, then increase
on the type of surgery; the use of TA may the interval to 8-12 h or pd-FVII
reduce the need for factor concentrates: the concentrate: 10-40 IU/kg with similar
first dose should be given immediately intervals
before starting if IV or 2 h if oral

Deficiency Notes

FVII Women with low FVII levels (<10%-20%) or positive bleeding history are more likely to be at risk of PPH, therefore,
prophylactic treatment should be considered




Factor X Deficiency

e AR

e Factor X is one of the most severe RCDs

* May present with umbilical stump bleeding, CNS or GIT
e Haemarthrosis and haematomas common

* Post partum bleeding in heterozygotes =

]
APTT t

Fibrinogen Normal



Treatment

* In Australia — FFP or PCC

* There are 2 different concentrates available O/S

* Freeze dried FIX/X with specified FIX/X content

* Novel high purity, high potency, plasma derived FX concentrate



Summary of FX Treatment

Trough levels

Deficient factor Plasma half-life Previously reported EN-RBD* Available treatment On-demand dosages Long-term prophylaxis dosages
FX 40-60 h 10%-20% =40% FFPt 10-20 ml/kg —
PCC 20-30 Wkg 20-40 U/kg 2 times/wk
pd-FX/FIX concentrate 10-20 Wkg 20 Wkg/weekly
pd-FX 25 Ulkg 25 U weekly

Deficient factor Maintaining level Minor surgery Major surgery

FX >20%-30% If necessary cryo, FFP, or specific missing PCC: 20-30 IU/kg before surgery with further
factor should be considered for 1-3 d, based 10-20 IU/kg/24 h, if required or FFP*:
on the type of surgery; the use of TA may 15-25 ml/kg/24 h pd-FX: data on 4 major
reduce the need for factor concentrates: the and 3 minor surgeries were published
first dose should be given immediately by Escobar et al®?

before starting if IV or 2 h if oral

Deficiency Notes

FX Patients with severe FX deficiency tend to be the most seriously affected patients with RCDs, therefore, they
may benefit from replacement therapy during pregnancy and to cover labor and delivery to minimize the
risk of bleeding complications; product containing FX to maintain FX level >30%-40% should be used;

a pure specific FX is preferable




PT Normal

Factor XI deficiency — N

* AR Fibrinogen Normal

* FXl is the second most commonly reported RCD

 1in 1 million, however 1 in 450 in Ashkenazi Jews and French
Basques

* VERY heterogenous disease

* Some may be asymptomatic = bleeding

* Patients with partial deficiency may bleed post surgery
* High fibrinolytic areas are often the highest risk



Treatment

* Nothing
* TXA
* FFP

e Plasma derived FX| concentrate

* Risk of thrombotic complications with FXI has led over the years to
reduce dosing and reduce indications



Summary of treatment of FXI

Trough levels

Deficient factor Plasma half-life Previously reported EN-RBD* Available treatment

On-demand dosages Long-term prophylaxis dosages
FXI 50 h 15%-20% — FFPt 15-20 ml/kg Nat indicated
pd-FXI concentrate 15-20 Whkg

Deficient factor Maintaining level Minor surgery Major surgery

FXI Not available If necessary cryo, FFP, or specific missing Antifibrinolytic agents in patients with no
factor should be considered for 1-3 d, based bleeding in previous surgery; pd-FXI
on the type of surgery; the use of TA may concentrate: 10-15 IU/kg; a combination of

reduce the need for factor concentrates: the FFP* 15-25 mL/kg and TA 15-20 mg/kg or

first dose should be given immediately 1 g 4 times daily is an alternative to FXI
before starting if IV or 2 h if oral concentrate

Deficiency Notes

FXI The lack of correlation between FXI level and bleeding risk makes the management of FXI deficiency in

pregnancy difficult; antifibrinolytic agents are effective for the majority of women with FXI deficiency, but
those with severe deficiency may require FXI concentrate; rFVlla has also been used to prevent bleeding,
however, all treatments should be used with caution in pregnancy due to thrombogenic potential; the
risk of PPH can be minimized by obstetric measures




PT Normal

Fa CtO r Xl | | APTT Normal

Fibrinogen Normal

* AR

* Congenital FXIIl is caused by defects in both F13A and F13B genes
* The majority are caused by variants in F13A

* 1in 2-3 million

* Delayed wound healing, recurrent miscarriage, soft tissue bleeding,
CNS bleeding (is primary cause of death in patients)

e Carriers are asymptomatic day to day and bleed almost exclusively in
surgery



Low FXIII levels

* Congenital FXIIl deficiency

* Pregnancy

e Excessive activation — DIC, some snake venoms
 HSP

* On and following CPB

* Chronic inflammatory bowel disease

* Severe GVHD

* Acquired FXIII deficiency — autoimmune, malignancy, myelo and
lymphoproliferative disorders and drugs



Treatment

e pd-FXIlI concentrate (Fibrogammin®)
 Recombinant Factor 13 NovoThirteen®
* Cryoprecipitate if FXIll not available

* Level of 15% FXIII could be a good target to maintain patients with no
bleeding



Summary of FXIII treatment

Trough levels

Deficient factor Plasma half-life Previously reported EN-RBD* Available treatment On-demand dosages Long-term prophylaxis dosages
XN ?12d 2%-5% 30% Cryoprecipitate 2-3 bags 1 bag/10 kg/3 wk
FFPt 3-5 ml/kg —
pd-FXIII concentrate 20-40 Ulkg 20-40 U/lkg/d wkt
rEXI-A 35 U/kg 35 Whg/4 wk (2-3 wk in pregnant women)

Deficient factor Maintaining level Minor surgery Major surgery

FXII >20% If necessary cryo, FFP, or specific missing pd-FXIIl concentrate: 10-40 1U/kg/d rFXIlI:
factor should be considered for 1-3 d, based first data on minor surgery were recently
on the type of surgery; the use of TA may published by Carcao et al*

reduce the need for factor concentrates: the
first dose should be given immediately
before starting if IV or 2 h if oral

Deficiency

FXII Successful pregnancy in women with FXIII subunit A deficiency is only achieved with prophylaxis during
pregnancy; target FXIII level should be >10%-20% until the week 22 of gestation; at the onset of labor,
FXIII level need to be increased to >30% by shortening the therapeutic intervals




VKDCFD

* AR

* Mutations in genes that code for enzymes that are critical to vitamin
K metabolism

* Reduced activities of FVII, FIX and FX oT
* Presents in infancy with severe symptoms t
* Factor levels <5% APTT t

Fibrinogen Normal



Summary of treatment Vit K

Deficient factor

Trough levels

Vitamin K dependent

Plasma half-life Previously reported EN-RBD* Available treatment On-demand dosages Long-term prophylaxis dosages
Prothrombin, FVII, FIX, FX (see specific factors) Vitamin K1 10 mg for minor bleeding 5-20 mg/daily (orally) 5-20 mg/wk (parenteral)
4-factor PCC 20-30 Urkg —
FFPt 15-25 ml/kg —

Deficient factor Maintaining level Minor surgery Major surgery
Vitamin K dependent —_ If necessary cryo, FFP, or Speciﬁc missing 4-factor PCC: 20-30 IU/kg with vitamin K1
factor should be considered for 1-3 d, based 5-20 mg or virus-inactivated plasma:

on the type of surgery; the use of TA may 15-25 ml/kg
reduce the need for factor concentrates: the

first dose should be given immediately

before starting if IV or 2 h if oral

Deficiency

Vitamin K dependent 15 mg daily of oral vitamin K and administration of FFP in case of episitomy




PT Normal

APTT t

Fibrinogen Normal

Type 3 VWD

* Complete absence of VWF protein
* VWF Ag <1% or <5% depending on assay
* FVIIl <10%

* Genetic confirmation recommended for borderline cases

* Presentation can be varied — presenting with joint bleeding or
primary mucocutaneous or both



Summary of treatment

* Australia
* Biostate® - pdVWF/FVIII concentrate

* Overseas
* Vonvendi (recombinant VWF)
* Tranexamic acid helpful adjunct in mucosal bleeding



Pipeline therapies for RBD

* Emicizumab (Hemlibra®) for type 3 VWD

* VEGA-039 for Von Willebrand disease (Subcutaneous administration,
protein S knockdown)

* BT200 — Type 2B VWD
e HMB-001 in Glanzmann’s thrombasthenia
e HMB-002 in Von Willebrand disease

* AT knockdown for FV, FVII, FX, EXI —in vitro study



Questions
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