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HAEMOPHILIA

* Inherited bleeding disorder,
due to deficiency of clotting
factor VIl (haemophilia A)
or FIX (haemophilia B)

e Characterised by joint,
muscle and soft tissue
bleeding

e Recurrent joint bleeding can
cause severe, progressive
deformity and arthropathy




FACTOR PROPHYLAXIS

Disease Severity Dictates Clinical Manifestations?:2

Severity

Factor VIII

Frequency of

Potential causes

Level %

bleeding episode

of bleeding episodes

Normal 50-150%3 No abnormal bleeding
Major trauma

Mild =5-40% Infrequent Surgery
Spontaneous bleeds are rare
Minor trauma

Moderate 1-5% Variable Surgery
Occasional spontaneous bleeding
Spont bleedi

Severe <1% Frequent Skl

Can occur without known trauma

*The definition of a ‘nomal’ factor level remains controversial, with the classification of individuals with FVIII between 40 and 50% remaining unresolved?

Symptoms of hemophilia vary based on severity of disease,

but all persons with hemophilia may experience life-threatening complications

1. Srivastava A ef al. Haemophilia 2020;26(Suppl 6).1-158; 2. Blanchette VS et al. J Thromb Haemost 2014;12:1935-9;
3. National Hemophilia Foundation. Hemeophilia A. https:ffwww_hemophilia.org/bleeding-disorders-a-zftypesihemophilia-a, Accessed August 2022



GOALS OF TREATMENT BASED ON FVIII LEVELS
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GENE THERAPY

Hemophilia Landscape: Innovation Continues to Evolve
to Address the Unmet Need!

Physiclogic restoration of hemostasis is the desired Gene therapy”
outcome with gene therapy (2020+)

Non-factor therapies

(emicizumab) (2017)

Innovation

EHL clotting factors (2014)

SHL clotting factors (1990s) Recombinant era

Plasma-derived clotting factors
(1969)

Evolution of Products



THE Goal

..”a ‘functional cure’ that
achieves the goal of
normal haemostasis
would be transformative,
eliminating any
consideration of
haemophilia in planning
life, medical or emergency
care.”

Patient relevant outcomes

= Hemophilia-free mind

Ability to engage

in low-risk

activities

Improved quality of

life; participation in

health care )
Undergo surgery or major

More trauma without additional -

unrestricted intervention —

lifestyle ) =

Participation in Able to sustain o
work, career and minor trauma |—
family life without E
restriction —
'm]

3

™

w

Optimizes

health an Hemophilia-

well-bein .
Free Mind

Mot dependent
on specialized

Attain ‘normal’ mobility

activities of daily
living

Prevent
premature

Minimal joint

impairment

Freedom from
spontaneous bleeds

Level of Protection

MW. Skinner, D Nugent, P Wilton, B ©'Mahony, G Dolan, J O'Hara, E Bemtorp. Achieving the unimaginable: Health equity in haemophilia. Haemophilia 20159. 26:17-24, DOI:
{(10.1111/hae. 13862). C Hermans, GF Pierce. Towards achieving a hemophilia-free mind. Haemophilia. 2023, in press.



MEASUREMENT OF FVIlI

« Evaluation of FVIII activity(FVIIL.C) is key to
diagnose haemophilia A

« Currently available methodologies 1o measure
FVIII.C are:
— one stage clotting assay(OSA)
— chromogenic substrate assay(CSA)



MEASUREMENT OF OSA

Calcium
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Principle of one-stage APTT based factor VIIl assay. Serial dilutions of a citrated test plasma sample are
added to equivalent volumes of FVIII deficient plasma, incubated for 3-5 min at 37 degrees C together
with phospholipids(soybean, rabbit or bovine brain, synthetic sources) and a contact activator(silica,
kaolin, celite, ellagic acid, dextran sulfate). Clotting is initiated by addition of calcium. The time required
for clot formation(measured as APTT) is proportional to extent of factor deficiency.

Adcock, DM et al. Int J Lab Hem 2018 ;40:621-29



MEASUREMENT OF CSA

B Stage I: Stage II:
Incubation step to generate Addition of chromogenic FXa substrate
FVllla and FXa and determination of amount of FXa

37°C
Citrated plasma ~A & FX (excess), FIXa,
(diluted test sample thrombin (optional),
based on calibration FIXa + FVllla phospholipids, Ca®*
range) Chromogenic substrate,
lﬂ— FX thrombin inhibitor

Absorbance

Principle of chromogenic substrate FVIIl assay. Test plasma is added to mixture containing appropriate
co-factors, FX, FIXa, thrombin/prothrombin, Ca and phospholipids. This mixture is then incubated which
generates activated FVIII(FVIlla) which then triggers production of FXa. This reaction is then stopped,
with amount of FXa generated proportional to the FVIII in test plasma. The second stage involves
addition of a FXa specific peptide/chromogenic substrate(p-nitroaniline) which is cleaved by FXa
generated previously. This produces coloured p-nitroaniline which can be detected by a
spectrophotometer by absorbance at 405 nm. The colour intensity is proportional to FXa and hence FVIII.

Peyvandi F et al. J Thromb Haemost 2015 ;14:248-61



FVIII ASSAYS

» Results of OSA and CSA can be affected by many
variables, including pre-analytical aspects such as blood
collection techniques and sample handling.

« OSA can be impacted by different sources and
compositions of activators and phospholipids in APTT
reagants.

« CSA may be affected by different FVIII mutations as assay
protocols differ in aspects important for FVIII activation
and stability.



FVIII ASSAYS

One-stage clotting assays

Advantages

Familiar to laboratories

Instrument protocols readily available

Easy to automate

Perceived as less expensive

Can be adapted to detect factor VIl levels <1% of normal

Disadvantages

Potential inaccuracy in the presence of certain modified rFVIII and
rFIX replacement products

More inaccuracy in the presence of non-specific interference
Three dilutions of test plasma in factor-deficient plasma are
required

Relatively complex algorithms must be applied to generate results
Requirement for factor-deficient plasma

Variability depending on APTT reagents, methodologies or
instruments used

Adcock, DM et al. Int J Lab Hem 2018 ;40:621-29

Chromogenic substrate assays

Advantages

¢ More accurate in the presence of most modified rFVIII and rFIX
replacement products

¢ Lessinterference by non-specific inhibitors

¢ No requirement for three dilutions of test sample

* No requirement for factor-deficient plasma

¢ Simple methodology to generate results

Disadvantages

¢ Few instrument-specific protocols available

¢ Perceived as too complex to automate because of lack of familiarity
of laboratory staff

¢ More expensive than one-stage assays if reagents cannot be stored



FVIII STRUCTURE

Factor VilI
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DISCREPANT MILD HAEMOPHILIA A

« Discrepancy arises with ditfferent FVIII:C results
between OSA and CSA, where the higher value
Is at least 1.5-2x the lower value

« Usually there is no discrepancy in FVIII.C between

OSA and CSA in mild haemophilia A
patients/carriers



DISCREPANT MILD HAEMOPHILIA A

« Typically, discrepant haemophilia A(DHA) is
diagnosed if OSA is higher than CSA, i.e. CSA 10
lU/dL; OSA 30 IU/dL.

« Inverse DHA occurs it CSA is higher than OSA, i.e.
OSA 20 IU/dL, CSA 40 IU/dL.

« Pooled prevalence of DHA was around 33%.



Inverse DHA
(CSA>0SA)

DISCREPANT MILD HAEMOPHILIA A

Location of mutation

Close to/within thrombin
cleavage, FIX-binding or
VWE binding sites(A1,A2,
A3, C1 domains)

Impact of mutation on
laboratory measurement

Altered thrombin cleavage
impacts OSA; excess
thrombin, FIX in CSA
allows longer FVIII
activation and higher
FVIII:C levels

Al-Huniti A et al., Am J Clin Pathol 2020;154:78-87
Peyvandi F et al. J Thromb Haemost 2015 ;14:248-61




DISCREPANT MILD HAEMOPHILIA A

BJHaem issmssissy @Y

BRITISH JOURNAL OF HAEMATOLOGY

Familial discrepancy between the one-stage and two-stage
factor VIl methods in a subgroup of patients with
haemophilia A

Elizabeth M. Duncan, Bruce M. Duncan, Lynn J. Tunbridge, John V. Lloyd

First published: August 1994 | https://doi.org/10.1111/j.1365-2141.1994.tb06749.x | Citations: 80

Typical DHA 29/95 (31%)



DISCREPANT MILD HAEMOPHILIA A

Up to 10% of patients with mild haemophilia A
showed FVIII:C within the normal range with one
type of assay, but lower FVIII activity in another.
Diagnosis would have been missed with reliance
of one assay.

Up to 10% of patients of mild haemophilia may
be incorrectly classified.



DISCREPANT MILD HAEMOPHILIA A

Studies inconclusive as to which assay correlated
better with bleeding phenotype.

Clinical bleeding phenotype most correlated
with lower results of either assay.

There are exceptions to this, i.e. p.Tyr365Cys

mutation, bleeding phenotype correlates with
higher results of either assay.



DISCREPANT MILD HAEMOPHILIA A

Clinical Presentation of Discrepant Hemophilia A Patients

Case 1

Case 2

Case 3

Age OSA FVIIC (IU/dl) CSA FVII:C (1U/dI) OSA/CSA ratio FVIII genotype
13 years old 61 30 2.0 p.Argb46Trp
Bleeding phenotype

Post-tonsillectomy and adenocidectomy hemorrhage requiring packed RBC transfusion and multiple cauterization

Soft tissue hematoma

lliopsoas hemorrhage

Revised diagnosis Change in clinical practice

Missed diagnosis — mild HA Patient received appropriate counseling and treatment for mild HA
Age OSA FVIIC (IU/dI) CSA FVIIC (1u/dl) OSA/CSA ratio FVIII genotype
30y 66 22 3.0 Not done

Bleeding phenotype

Hematoma formation and wound dehiscence post-anterior cruciate ligament repair
Extensive bruising

Hemarthrosis after minor trauma

Hematochezia

Revised diagnosis Change in clinical practice

Missed diagnosis — mild HA Patient received appropriate counseling and treatment for mild HA
Age OSA FVII:C (IU/dI) CSA FVIIC (1u/dl) OSA/CSA ratio FVIII genotype
17y 26 4 6.5 p.Gly498Arg

Bleeding phenotype

Intracranial hemorrhage atage 8 moand 2 y

Multiple joint bleeds (spontaneous or after minor trauma)

Revised diagnosis Change in clinical practice

Mild HA — moderate HA Patient commenced on FVIII prophylactic regimen and desmopressin
was taken off his management plan

CSA, chromogenic substrate assay; FVIIL:C, factor VIII activity: HA, hemophilia A; OSA, 1-stage clotting assay.

Al-Huniti A et al., Am J Clin Pathol 2020,154:78-87



DISCREPANT MILD HAEMOPHILIA A

Treatment Treatment
Age | FVIII level | before ~ABR before FVII level | after ~ABR after
OSA reclassification reclassification | CSA reclassification | reclassification

Patient-1 | 26 | 6.8 % On-demand CFC | 4 2.7 % Emicizumab 0

Patient-2 | 22 | 6.1% On-demand CFC | 6 2.7% On demand 4
CFC (per his
preference)

Patient-3 | 15 | 13.8% On-demand CFC | 3 1.5% Emicizumab 0

Kizilocak H, et al. Blood 2022;140:Suppl 1.




CLINICAL CASE

e 48 year old man, routine blood tests performed
pre-L5 microdiscectomy for back pain

e INR: 1.0; PT: 13.7 secs; APTT: 40 secs

e FVIII:C OSA: 26 IU/dL

e Referred to HTC for further investigation and
management



CLINICAL CASE

< FVII:C OSA: 30 IU/dL: EVII:C CSA: 101 IU/dL >

e VWF Ag: 104 IU/dL; VWF RiCoF: 105 IU/dL; VWEF
CBA: 116 1U/dL

e FVIII binding capacity: 93%

 FVIIl inhibitor: negative



CLINICAL CASE

DIAGNOSIS:

Reverse discrepant haemophilia A, with FVIII:C
CSA In nhormal limits



CLINICAL CASE

BLEEDING HISTORY:

« nil significant bleeding with appendicectomy or
colonoscopy + polypectomy

« nil significant bleeding with multiple dental extractions

« nil significant bleeding with trauma post MVA

* nil spontaneous bleeding

Surgeon requested factor support for neurosurgical
procedure; 30U/kg given prior to surgery; 15U/kg given
after surgery and D1 post

Nil bleeding complications with patient promptly
discharged
HEEEN



CLINICAL CASE

GENETIC TESTING:

« This patient is hemizygous for a previously
reported pathogenic variant in the F8 gene. A
missense variant was detected (p. Tyr365Cys).



DISCREPANT MILD HAEMOPHILIA A

BJHaem S

BRITISH JOURNAL OF HAEMATOLOGY

research paper

p.Tyr365Cys change in factor Vill: haemophilia A, but not as we
know it

Annette E. Bowyer, Anne Goodeve, Ri Liesner, Andrew D. Mumford, Steve Kitchen, Mike Makris

First published: 14 July 2011 | https://doi.org/10.1111/j.1365-2141.2011.08688.x | Citations: 22

Bowyer A et al. B J Haem 2011;154:618-25



DISCREPANT MILD HAEMOPHILIA A

Common mutation associated with reverse DHA
INn the UK, up to 5% of patients with mild
haemophilia A

/9% of patients had FVIIl:C CSA/OSA ratio of 22.0

Mean FVIII:C by OSA was 28 IU/dL; mean FVIII:C
by CSA was 83 IU/dL

Affected individuals had minimal/absent
bleeding, better correlation with higher CSA



DISCREPANT MILD HAEMOPHILIA A

Recommends checking CSA FVIII.C in patients
with this mutation

Recommends no correction of reduced FVII:C
OSA for surgery if there is no history of excessive
bleeding with previous surgeries.

If there is no documented haemostatic
challenge, recommend no correction of
reduced FVIII:C OSA for surgery; desmopressin
given only if clear excessive bleeding



MUTATIONS AND FVIII DOMAINS IN DHA

MMutation FVIII Domain MMutation F¥I111I Domain

Typical Discrepant Hemophilia A

p.His118Arg=*® Al p.Arg717Trp® A2
p. Tyr133Cys=° Al p.Arg717GIn*’ AZ
p.Pro283Leu'™ Al p.Glu1701 Lys™ a3
p.Glu291Lys™ Al p.Thr1714Lys*® A3
p.Thr294lle®® Al p.Phe1718Ser™ A3
p.Asn299lle® Al p.Arg1768His>’ A3
p.His300Asn™ Al p.His1774Tyr'* A3
p.Ala303GIu=*® Al p.Arg1795lle®® A3
p.Ala303Pro=® Al PArg1800His=" A3
p.Ser308Leu’® A p.Phe1804Leu™ A3

aalo-® Al p.Ser1807Thr?’ A3

PGlya98Arg>’

A2 p.Ser1810Pro'® A3

R =10 =TV A2 p.Pro1844Ser?® A3
A2 p.Glu1848Val*’ A3
SN=aviereiw - A2 p.Val1876Leu?’ A3
p.Arg550Cys*” A2 p.Leul1951Phe™ A3
PSer553Cys™” A2 p.Arg1960GIn**® A3
p.Ser554Gly*"’ A2 p.Met1966lle™® A3
p.Argé12Cys=° A2 p.Met1966\al*' A3
p.Ser635Asn®’ A2 p.His1973Leu*? A3
p.Leuss0oValz® A2 p.His1980Pro®’ A3
p.Vale70phe?® A2 PArg1985Ghy=° A3
p.Tyreg83His** A2 PArg198sGIn®° A3
p.AspB83GIy* A2 PVal1987Met*’ A3
p. Metg81l1le** A2 p.Arg1985GIn'™ A3
p.Valeg2AlaZ® A2 p.Leu1997Phe'® A3
p.Thregslle*® A2 p.arg2016Trp=" A3
p.Asn713lle™® A2 p.Trp2085GIu™ C1
p.Asn713Lys”’ A2 p.Pro2319Leu™ c2

35
p.Arg717Leu M2 4 . . .



MUTATIONS AND FVIII DOMAINS IN DHA

Inverse Discrepant Hemophilia A

p.Asp222Val*® Al
p.Thr314Ala™ Al
p.Glu340Lys™’ Al
L2
p.lle r al
p.Arg391His”’ al
p.Leu431Phe”* A2
p.Argb46Trp™® A2
p.Asp588Tyr*’ A2
p.Val697Leu™ A2
p.Met721Leu”™ A2
p.Glu739Lys"’ a2

p.Arg1658His'®
p.Tyr1699Phe”
p.Arg1708His'®
p.Leu1775Phe®*
p.Leu1775Val*
p.Arg1800Gly*®
p.Phe2120Leu”
p.Phe2127Ser'”
p.Ser2138Tyr"
p. Phe2146Ser*
p.Asp2150Asn®

a3
a3

A3
A3
A3
C1
C1
C1
C1
C1




DISCREPANT HAEMOPHILIA A
e -

« Patient does not have a bleeding phenotype

« Does not need factor support for surgeries as
better correlation of bleeding risk with CSA (100
IU/dL) rather than OSA in patients with his

mutation (p. Tyr365Cys).



THE Goal

..”a ‘functional cure’ that
achieves the goal of
normal haemostasis
would be transformative,
eliminating any
consideration of
haemophilia in planning
life, medical or emergency
care.”

Patient relevant outcomes

= Hemophilia-free mind

Ability to engage
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Improved quality of
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MW. Skinner, D Nugent, P Wilton, B ©'Mahony, G Dolan, J O'Hara, E Bemtorp. Achieving the unimaginable: Health equity in haemophilia. Haemophilia 20159. 26:17-24, DOI:
{(10.1111/hae. 13862). C Hermans, GF Pierce. Towards achieving a hemophilia-free mind. Haemophilia. 2023, in press.



SUMMARY

. [
« Up to 1/3 of patients with mild haemophilia A
have DHA

 DHA can be typical DHA(OSA>CSA), or reverse
DHA(CSA>0OSA).

» Laboratories should aspire to perform both
=VIEC OSA and CSA fo:

— reduce likelihood of missing patients with
haemophilia A

— Reduce likelihood of misclassifying haemophilia A.
This has important freatment implications.



SUMMARY

* Proper assessment requires incorporatfing
bleeding phenotype, OSA, CSA and

genotyping.
« Subgroups of patients with DHA do not have @
significant bleeding phenotype and are unlikely

to require further intervention prior to
surgery/procedures.
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