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QUESTIONS AND TRANSLATION

Please submit your questions in the Q&A box

Please select your language of preference now

Por favor seleccione su idioma de preferencia ahora
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Veuillez sélectionner votre langue de préeféerence maintenant
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Option to mute the original

English audio
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QUESTIONS AND TRANSLATION

A WFH

WORLD FEDERATIOMN OF HEMOPHILIA

e English and 5 language

interpretations available!

& WFH
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11:01+

< Outlook

Language Interpretation

Original Audio

English

French

Russian

Spanish

Arabic

Mute Original Audio

Click on the 3 dots to select the interpretation chann

Click on
G52y Sé |
select your
language
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AGENDA

8.
9.

10. Closing remarks

Opening & welcoming remarks

20-Minute Medical Consult with a Patient: What
you need to cover

20-Minute MSK Consult: What you need to
cover

Critical Lab Tests for People with Hemophilia
Q&A

Chromogenic Assays: Why are they useful in
hemophilia

Bleeding Disorder Products: The long journey
of production

Navigating Rebalancing Agents in Clinical Trials
Q&A

& wrH
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MODERATORS
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Glenn Pierce, MD, PhD
WFH Vice President, Medical
U.S.A.
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Marléne Beijlevelt, MSc
Chair of WHF Nurses Committee
The Netherlands
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SPEAKERS

Cedric Hermans, MD,

PhD
WFH Medical board member
Belgium
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\
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Gianluigi Pasta, MD
Chair of WFH MSK Committee
taly

Sukesh Nair, MD

Professor of laboratory
haematology
India
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20-Minute Medical Consult with a Patient:
What you need to cover

Cedric Hermans, MD PhD
WFH Medical board member

W UCLouvain
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About your hemophilia clinic ?

A How much time per patient ?

A Do you run it jointly with the nurse, physio.. ?

A Do you adopt a holistic approach of the disease ?

ADo you use electronic patientsodo records
A Are specific modules / dashboards for hemophilia available ?

A What is your main challenge when running your clinic ?

A Do you use telemedicine ?

WFH
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Haemophilia

Haemophilia (2011), 1-7 DOL: 10.1111/.1365-2516.2011.02671.x

REVIEW ARTICLE

Recommendations for assessment, monitoring and follow-up
of patients with haemophilia

P. DE MOERLOOSE,* K. FISCHER,+ T. LAMBERT,] J. WINDYGA,§ A. BATOROVA.,Y G. LAVIGNE-
LISSALDE,** A. ROCINO,ft J. ASTERMARK}} and C. HERMANS§§

* University Hospital and Faculty of Medicine, Geneva, Switzerland; TVan Creveldkliniek, and Julius Center for Health Sciences
and Primary Care, University Medical Center, Utrecht, Netherlands; {CHU Kremlin — Bicétre, Paris, France; §Institute of
Haematology and Transfusion Medicine, Warsaw, Poland; YDepartment of Hematology and Transfusion Medicine, National
Haemophilia Center, University Hospital, Bratislava, Slovakia; ** Centre de Traitement des Hémophiles, Hopital de Montpellier,
France; t1Haemophilia and Thrombosis Center, San Giovanni Bosco Hospital, Naples, Italy; {1Centre for Thrombosis and
Hemostasis, Skane University Hospital Malmé, Sweden; and §§Haemostasis-Thrombosis Unit, Division of Haematology,
Cliniques Universitaires Saint-Luc, Brussels, Belgium
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Domains that are important to
cover during the clinic

1. Baseline information 7. Co-morbidities

2. Baseline up-date 8. Dental Care

3. Treatment 9. Physical Activities
4. Inhibitor 10. Social Participation
5. Bleeding 11. Quality of Life

6. Joint status and pain 12. Empowerment

r.’)l’?f-\TIQN MONDIALE DE L'HE
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Baseline Information
(key for registries)

A
A
A

Date of Birth

Blood Group

Diagnosis

o Hemophilia type and severity
o Age at diagnosis

o Family history of hemophilia
o Age and location of first bleed

@)

(specify type of bleed)
Age of first joint bleed

Age at first substitution (specify

To

type of substitution)
0 Genetic variant
0 Inhibitor status
Ethnicity
Age at start of prophylaxis

Family history of inhibitors
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Baseline up-date
(at each clinic)

A Date of update
A Replacement therapy
o Recovery and half life of FVIII/FIX
A DDAVP
0 Response
A Family history (Family Tree)
o New cases
o New inhibitors
o Carriers
A Infections
o Blood borne

0 Other

To

Vaccinations

Major Events since last visits

o Major bleeding

o Other

Cumulative exposure to FVIII-FIX
(EDs)

Inhibitor screening

0 At least every 5 EDs until 50 EDs
o At least 2x year until 150 EDs

o Annually thereafter
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Hemostatic treatment information

Therapy prescribed
Concentrate / Non-factor / other,

Treatment regimen : On-demand Treatment regimen : Prophylaxis
A Dosing A Dosing

A Frequency A Frequency

Annual consumption Annual consumption

Examine Log-Book:

A Dose and time of each infusion / reason / adherence

A Batch number

Other hemostatic treatments ( DDAV P, antifibrinolytic agents, &)
Hospitalisations (reason)

Other medications

Understanding of treatment modalities, awareness of treatment innovations / treatment alternatives /

Motivation and eligibility for trials ’ |
@Z@ WFH
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Information on bleeding episodes

A Bleeding pattern is the key parameter to evaluate efficacy of treatment strategy

A Any changes in bleeding frequency or severity should be thoroughly investigated

and treatment modified as necessary

The ambition is to have ZERO spontaneous joint bleed

WFH
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Information on bleeding episodes

A

Major hemarthrosis

o0 Number of episodes

o Time, location and reason
Minor hemarthrosis

o0 Number

o Time, location and reason
Other major bleeds

o0 Number

o Time, location and reason

‘
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Assessment of Joint health status
and pain

The treatment should aim at preserving the joints
Objective assessment of joint function and pain is central to maintain joint health

Assessment should identify target joint(s), problem joint(s), early joint damage

To To To T

Painful symptoms should be recorded

Joint assessement requires the involvement of a

dedicated physiotherapist with expertise in hemophilia

WFH
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Screening of co-morbidities
(mainly in adult patients)

A

To

To

Liver disease (HCV) T Long-term A Osteoporosis
follow-up required even after A Sexual dysfunction
eradication A Obesity

HIV A Liver steatosis
Cardio-vascular risk factors or A é.

diseases ?
Cancer (prostate ?, other ?)

Other health problems

Comorbidities should be identified

& wr
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Dental care

T>

Last dental assessment ?
Dental hygiene ?
Adequate coverage is required prior to, and possibly after, more intensive

treatments (deep cleaning, removal of heavy plaque / tartar)

WEH
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Physical activities

A

Hemophilia Activities List (HAL) 7 Hemophilia specific self assessment
guestionnaire t o as-paceigsed tuncpamndl abéityt 6 s
1x year

Sports activities / Hobbies

o Which sports

o Frequency

o0 Any regimen of concentrate use before sports

Occupation

o Risk factors for bleeding or joint damage

o Limitations of current condition on type of work undertaken

sel f

WFH
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Evaluation of quality of Life

A QOL measures can help patients and clinicians to decide between different
treat ment s, to monitor treatment success fr«

increasingly they are being used to support funding and re-imbursement for drugs

A The EQ-5D is simple, short and allows comparisons between different medical
conditions.
o However, the EQ-5D is a very general instrument and has been criticised on
the basis that it was developed in healthy people, asking them to imagine
a poor health state.
o So for some circumstances a more hemophilia and age specific tool may be

WFH
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Social participation

Education
Employment status
Marital Status
Offspring

Disability Allowance

Days lost from work or school since last visit

o Do Io o Do Do P>

Review the total days lost annually to assess overall impact
on patient

A - lnvol vement in a patient organisation [/ | nte

WFH
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Patili ent sO0O empower m

Understanding of diseases, treatment, innovations
Acceptance of the disease ?

Interactions with NMO,

Knowledge about WFH, EHC activities / initiatives
Interest for clinical trials

Inclusion in registry (WBDR)

o Do Io o Do Do P>

Interactions with other patients

WFH
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How to iImprove your clinic: some
personal tips ?

A  Review patientsd medical records before the

A Short list the priorities / active problems that will require attention

A Contact the patient before the clinic to identify new active problems

A Holistic approach of hemophilia

A Value each clinic as opportunities to improve understanding of the disease,
adherence, Il nteraction with patients' assoc.i

A Run your clinics with the nurse and the physiotherapist

A Avoid pati ent sharempatieansspvith cplleagues.

WFH
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THANK YOU

WFH
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Fondazione IRCCS

w2 Policlinico San Matteo

20-Minute MSK Consult:
What you need to cover

Gianluigi Pasta, MD
Chair of WFH MSK Committee
Orthopedic and Traumatology Department
Fondazione IRCCS Policlinico San Matteo Pavia, Italy
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HA and MSK expert

WEH

WORLD FEDERATION OF HEMOPHILIA
FEDERATION MONDIALE DE L'HEMOPHILIE
FEDERACION MUNDIAL DE HEMOFILIA



HA and MSK expert

WFH
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HA and MSK expert

APathogenesis
ADiagnosis
ATreatment

WORLD FEDERATION OF HEMOPHILIA



Musculoskeletal assessment

Horacio A. Caviglia
Luigi P.Solimeno Eds.

 Orthopedic Surgery in

ients \fﬂth

ps

Foreword by
Pier Mannuccio Mannucci

Listen to the patient and perform and

adequate physical exam.

Gilbert M, Solimeno L, Caviglia H.

r.’)l’?f-\TIQN MONDIALE DE L'HE
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Musculoskeletal assessment

N Assessment of impairment and
function is essential in order to monitor
joint status and evaluate therapeutic
Interventions In patients with

haemophilia.o

Beeton K et al., Haemophilia 2006




Musculoskeletal assessment

Arthritis Care & Research

Vol. 63, No. 2, February 2011, pp 223-230
DOI 10.1002/acr.20353

© 2011, American College of Rheumatology

ORIGINAL ARTICLE

Validation of a New Pediatric Joint Scoring
System From the International Hemophilia
Prophylaxis Study Group: Validity of the
Hemophilia Joint Health Score

BRIAN M. FELDMAN,' SHARON M. FUNK,* BRITT-MARIE BERGSTROM,? NICHAN ZOURIKIAN,*
PAMELA HILLIARD,' JANJAAP van per NET,” RAOUL ENGELBERT," PIA PETRINIL?

H. MARIJKE van pex BERG,” MARILYN J. MANCO-JOHNSON,? GEORGES E. RIVARD,? AUDREY ABAD,®
Axp VICTOR S. BLANCHETTE!

WEH
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Musculoskeletal assessment

Subject ID #:

Assessment # :

Time:

Name of Physiotherapist:

Hemophilia Joint Health Score 2.0

yyyy /mm /dd

Duration (swelling)

LE

RE

LK

RK

Swellin

Muscle Atrophy

Crepitus on motion

Flexion Loss

Extension Loss

Joint Pain

Strength

Joint Total

Global Gait Score

Total Score (Sum of joint totals + global gait score)

N wWFH
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Musculoskeletal assessment

WFH
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Ultrasound

& WFH
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Ultrasound

PROS

A Excellent spatial resolution
A Dynamic capabilities (joint
motion, muscle contraction)

A Clinical examination (US
performed by physicians!)

A Availability, portability, low cost

A
A
A
A

CONS

Limited FOV [ focused

examination
Unable to examine relevant
structures( e. g. bone ¢€)

Highly operator dependent I long
learning curve

Difficult to be interpreted by the
referring physician

Reimbursement issues

WFH
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Ultrasound

Development and definition of a simplified scanning procedure and
scoring method for Haemophilia Early Arthropathy Detection with
Ultrasound (HEAD-US)

Carlo Martinoli'; Ornella Della Casa Alberighi3; Giovanni Di Minno®; Ermelinda Graziano®; Angelo Claudio Molinari%
Gianluigi Pasta’; Giuseppe Russo'; Elena Santagostino®; Annarita Tagliaferri®; Alberto Tagliafico?, Massimo Morfini'®

'Radiologia — DISSAL, Universita di Genova, Italy; 2Istituto di Anatomia Umana — DIMES, Universita di Genova, Italy; 3Direzione Scientifica — Unita di Farmacologia Clinica e
Sperimentazioni Cliniche, IRCCS Istituto ,,G. Gaslini”, Genova, Italy; *Unita di Trombosi ed Emostasi — IRCCS Istituto ,,G. Gaslini”, Genova, Italy; *Dipartimento di Medicina Clinica
e Sperimentale. Universita di Napoli, Italy; ®Dipartimento di Medicina — Scienze dell'Invecchiamento. Universita di Chieti-Pescara, Italy; "Dipartimento di Ortopedia, Policlinico
Universitario di Milano, Italy; #Centro di Emofila e Trombosi ,, AB Bonomi”, Policlinico Universitario di Milano, Italy; “Dipartimento di Medicina Interna — AOU Parma, Italy;

1%Centro Emofilia — AOU "Careggi” Firenze, Italy

WFH
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Ultrasound

A Joint bleed

A Joint effusion

A Synovitis

A Cartilage damage

WEH
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Bleed location

extraarticular intraarticular

suprafascial

abnormal  forming hypoec
ma, coexisting Precisionsthe d

subfascial

fascia 3

Transverse

»'r_ongitudina
I




Joint Bleed vs. Osteoarthritis

| The Officlal journall of the Werld Federation of Hemaphilla,
a I I I 0 I I a European Association for Haemophilia and Alied Disorders and
the Hemostasis & Thrombasis Research Socety

Haems 113}, 1-% DOL 10,111 1hee. 12175

ORIGINAL ARTICLE

Rapid musculoskeletal ultrasound for painful episodes in
adult haemophilia patients

PAINFUL EPISODES
bleeding 33
arthritis-mediated 5

undecided 2

Ultrasound detection threshold for joint effusion
x  Knee  4-7ml

%  Ankle om| Hongetal., Am J Phys Med Rehab 2003
Delaunoy et al. 2003

x  Elbow 1-3ml Jacobson et al., AJR 1998

De Maeseneer et al., Invest Radiol 1998

quakto MR
ion Py effusion

eum Dis 2005

et aI “Ann

“ 9=.839 ( g

X 2% semsitivity in assessing syno @pertrophy
3
e

subsynovial fat
isa et al. Haemophilia 2014
Doria et al. AJR, 2015




Intraarticular blood

Early stages of a bleeding episode (within 24 hours)
% homogeneous echogenic pattern (piles of RBCs)
x  probe compression  swirling motion, squeezes blood
away

suprapatellar
recess

' & ~
Py ey o Ty S e
R~ A s “ha " o

Kneei suprapatellar recess

Later stages  clot formation
x  fresh clots are echogenic
% clots become hypoechoic with progres:
lysis of the RBCs

serum (black)

Musculoskeletal ultrasound for intra-articular bleed detection:
a highly sensitive imaging modality compared with
conventional magnetic resonance imaging

NGUYEN *

Nguyen et aKneEhfosibpapateiasis @oess



Ultrasound

A Joint bleed

A Joint effusion

A Synovitis

A Cartilage damage

WEH
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Diagnosis of synovitis

(@]
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Musculoskeletal assessment

Subject ID #:

Assessment # :

Time:

Name of Physiotherapist:

Hemophilia Joint Health Score 2.0

yyyy /mm /dd

Duration (swelling)

LE

RE

LK

RK

Swellin

Muscle Atrophy

Crepitus on motion

Flexion Loss

Extension Loss

Joint Pain

Strength

Joint Total

Global Gait Score

Total Score (Sum of joint totals + global gait score)

N wWFH
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Synovial proliferation

ofe The Official Journal of the World Federation of Hemophilia,
a e I I I O I I European Association for Haemophilia and Allied Disorders and
the Hemostasis & Thrombosis Research Society

LETTERS TO THE EDITORS e141

J| & The Official Journal of the World Federation of Hemophilia,
ae I l I I a European Association for Haemophilia and Allied Disorders and
the Hemostasis & Thrombosis Research Society
792

Hae: 1 (2016), 22, 218-224 DOL 10.1111/k:

Comparing findings of routine Haemophilia Joint Health

- ’ - ) ORIGINAL ARTICLE Clinical haemophilia
Score and Haemophlia Early Arthropathy Detection with

UltraSound assessments in adults with haemophilia Early prophylaxis in children with severe haemophilia A:

clinical and ultrasound imaging outcomes

Timmer et al., Haemophilia 2017

Strong correlation between HIJHS 2.1 and HEAD-
US for all joints (r=0.88) ahpormalities tan physical evaluation and was
Discrepancies between HIHS 2.1 and HEAD-US concordant with the HIJHS score in 73% of joints
found in 7% of cases

14/76 joints (n=6 elbows, n=2 knees, n=6 ankles)
showed synovial hypertrophy on HEAD-US without
signs of swelling on HJHS

Ankle




How to d

= Main Differential Features

SYNOVIAL PROLIFERATION

% attached to the walls (peripheral)

% irregular margins

X  some vasculature may be
detected

BLOOD CLOTS

% detached from the walls (central)

% smooth margins

% free of color flow signals at
Doppler imaging

0

Istinguish blood from synovium

In joints with preexisting synovitis such
differentiation may not be straightforward

JOINT VOLUME CHANGE




Treatment of synovitis

Grade Il

Chronic
arthropathy,
axial deformities,
rigidity

Caution!
Unlikely to
succeed.

)i WFH
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Ultrasound

A Joint bleed

A Joint effusion

A Synovitis

A Cartilage damage

WEH
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Osteochondral damage

MR imaging

anterior fat pad

subtalar joint

Proximal —> Distal




Osteochondral damage

MR imaging

'

ULTRASOUND

subtalar joint

£ : 1 Proximal il Ly Distal




Osteochondral damage

Compared to radiography, HEAD-US has
demonstrated higher sensitivity to detect early
damage signs

Good correlation between ultrasound and MR
imaging in the evaluation of bone and cartilage
abnormalities in the elbows, knees and ankles

Di Minno et al. Haemophilia 2013
Sierra Aisa et al. Haemophilia 2014

HE The Cfficial |surnal of the Werld Federation of Hemaphiia,
H a e m Op h I I a Eurapean Assaciation fer Haemophlla and Alled Dissrders s
th Hemostasi & Thremisdis Reswarch Society
o 018), 11, ¥15-933

Haewitg &), 21, DO 101700 e 130023

ORIGINAL ARTICLE Musculoskeletal

Correlating clinical and radiological assessment of joints in
haemophilia: results of a ¢ ional study

Hemasidarin §
Ssynoviel Hypertraphy |-
Surfute aroiions |-
subehondral eysts Pettersson =0

Cartilage loss

OMRI £2UfS




Musculoskeletal assessment

Small changes in function can produce
enormous joint loading that is not

detectable by clinical and radiological

examination.

Seuser A et al., 2000



Musculoskeletal assessment

Long-term kinematic monitoring has shown

that individual treatment programs can help
to improve internal kinematics and thus help

to preclude joint interventions later on.

Seuser A., 2008

f.’}l’-’o’-\'.lf_?l\ MOMNDIALE DE |
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Musculoskeletal assessment

A Costs
A Time
A Space

WEH

WORLD FEDERATION OF HEMOPHILIA
FEDERATION MONDIALE DE L'HEMOPHILIE
FEDERACION MUNDIAL DE HEMOFILIA



Musculoskeletal assessment

moty2 Iswhodoid SRS
s
--—'\:ﬂi«A

R B

WFH
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Musculoskeletal assessment

Haemophilia gesemsmimm

immm

Hawsephdis [2014], 20, 2631357 00 10 100 0 1 2 5%

ORIGINAL ARTICLE Musculoskeletal

Integrated postural analysis in children with haemophilia

E. BOCCALANDES,* G. FPASTA,# P. M. MANKUCCIL} E. SANTAGOSTING,* F. FEYVANDI,*
A.SEUSER,§ M. E. MANCUSO* and L. P. SOLTMERNO+

*Anpeln Bianahi Bowownd Hewinphilis and Theosbazic Cewrre; theparfmeat of Orthopaedi: Surpery and Trawsnain bogy:
§5oenrific Direation, Fondazione TROCS (&° Granda Ospedale Magginne Policlinion, Milan, Iraly; and § Privete Practis for
Frawsmion, Rebahidisnion gnd Ovthopaedicc, Boss, Gy

WFH
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Conclusions

ADiagnosis
ATreatment

WEH
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THANK YOU
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OVERCOMING CHALLENGES IN MANAGING
LABORATORY DIAGNOSIS FOR BLEEDING DISORDERS

EMPHASIS ON HEMOPHILIA

Sukesh C Nair MD FRACP
Christian Medical College

Vellore, India
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CASCADE:

CONTACT
Xl _p XIA
4
PK ,/, /’
U4
HMWK Ko
Xl
A
XIA\
N\ —
A IX ________________________ -
SN &4----""""" « ="
IXA + Ca + VIII:C + PHOSPHOLIPID PPt ias
: - —’——‘
v &
X =————— > XA + Ca + V + PHOSPHOLIPID
Il « % 1A
4"
1A
- NN‘
Rt Ay FIBRIN POLYMER
P s
Dr. Ratnoff.

* Phospholipidrom platelet substitute

< ¢------

T HE

TISSUE FACTOR
Vi

nTEX

WEH

'WORLD FEDERATION OF HEMOPHILIA
FEDERATION MONDIALE DE L'HEMQOPHILIE
FEDERACION MUNDIAL DE HEMOFILIA



aPTT

INTRINSIC PATHWAY EXTRINSIC PATHWAY

CONTA TISSUE FACTOR
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activator PK
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(Partial Thromboplastin)
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-
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-
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Intrinsic Pathway

FIBRIN POLYMER

Phospholipid from platelet substitute

& WFH
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RESULTS

TISSUE FACTOR

X
S

-

-
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—_—
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-

-
-
_______
-
-

-
-
-
-
-
-

-
-
-

FIBRIN POLYMER

pid from platelet substitute

REACTIONS INVOLVED IN APT-TIME

EXTRINSIC PATHWAY

Normal range i 27-37 Seconds

(Different for different reagents)

RESULTING
A Time with Ref Range

A Ratio = Patient time
Control time
A >1.2 (6 Seconds more than Control)

PROLONGED aPTT: DEFICIENCY OF FXII,FXI,FIX, FX,FV, FII

AND FIBRINOGEN

WEH
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PROTHROMBIN TIME

INTRINSIC PATHWAY EXTRINSIC PATHWAY

- TISSUE FACTOR
recalcified

<

& -———————

Y

-

-
-
-
------
-‘-
-
"—

Extrinsic Pathway

Tissue Factor - Thromboplastin

REACTIONS INVOLVED IN APT-TIME
* Phospholipid from platelet substitute

& WFH
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Critical for Haemophilia - APTT

AAPTT

CONTACT

EXTRINSIC PATHWAY

TISSUE FACTOR

<

mmmmmmaaa

Ay

FIBRIN POLYMER

* Phospholipid from platelet substitute

PT 1 for monitoring Vitamin K antagonist by INR T

APT

CONTACT
Xl _p XIIA

-
-
-
-

Is a more frequently requested than APTT

EXTRINSIC PATHWAY
TISSUE FACTOR

FIBRIN POLYMER

* Phospholipid from plat€let substitute
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PLASMA BASED TESTS i PT/INR OR APTT
MANUAL TUBE TILT METHOD

When PT tests reach 20/month T Semi-automated eCIUipment VORLD FEDERATION OF HEWOPHILA
Is it difficult to reach this figure?



IT IS ACHALLENGE

S —————

i |

3 -

LOGISTICAL CONSTRAINTS: LACK OF REAGENTS:

A Trained Personnel A No supply or supplier or is
A Reagents not regular
A Good Sample collection A Cost
A Less referrals - testing A Short shelf life
A Personnel i motivated to A Short window within which
develop non-mandated lab most of the tests/assays
procedure have to be done,
A Stringent issues of sample

and reagent storage



STRATEGIES TO OVERCOME VIS-A-VIS
REAGENTS

A Source simple material
A Make do with what is . .
_ and instrumentation
A aval-latl)le q A Simple but stringent
Maximize supply and storage solutions with
Minimize wastage :
continuous power
A Simple storage solution
and In-house reagents
A Increase referrals
AMore tests Y ¥
consumption Y D

and increased burden of
wor k Y automati on

A Increase reliability and
Reduce risk of failure of
discontinuation of a test

A Good methodology and
simpl e but stri

gaining the trust of the

referring physician

WEH
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SCREENING TESTS IN LOW-RESOURCE ENVIRONMENT

APT/INR and APTT

A Choice of good reagents
A Not an issue

AFrequency of testing
Als an issue
AOne per week/month to more than one per day

AThromboplastin Shelf life and volume
AOne week
ANot less than 3 mL (3000 pL)
A 1200 pL for manual method and 300 pL for semi-automated

WEH
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THROMBOPLASTIN REAGENT - MAXIMIZE ON IT AND
MINIMIZE WASTAGE
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THROMBOPLASTIN REAGENT - MAXIMIZE ON IT AND
MINIMIZE WASTAGE
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BLEEDERS HEMOPHILIA

AAPTT

AMixing studies
AFactor assays
Alnhibitors

Alnfrequent referrals i once a week or once a month
AAPTT Reagent i same strategy as PT/INR

A Selection i must have high sensitivity to Factor Deficiency, moderate
sensitivity to Heparin levels and low sensitivity for Lupus anticoagulant

WEH

M LE DE L'HEMOPHIL
FEDERACION MUNDIAL DE HEMOFILIA



CORRECTION STUDIES BY MIXING

Differentiate if a severe bleeding patient has factor
deficiency or not when the test is repeated on the
mixture of patient's plasma and normal plasma

ANormal pool plasma (where all factors are present in
normal quantity) i Pooled Normal Plasma (PNP)

AWhich factor is the deficient factor
Als it FVIII (Haemophilia A) or
AFIX (Haemophilia B)

A WFH

OOOOOOOOOOOOOOOOOOOOOOOOOOO
C | MONDIALE DE L'HEMOPHIL

_____
FEDERACION MUNDIAL DE HEMOFILIA



PLASMA/REAGENTS USED FOR MIXING STUDIES

Selective plasmas (Plasma deficient in some factors)

A Patient derived
A*Haemophilia A- Deficient in Factor 8
A*Haemophilia B- Deficient in Factor 9

Contrived/artificial (this can be produced from normal blood sample)

AAdsorbed plasma - adsorb out Vit K dependent factors with Cat ions (Ba**)
AContains only F VIII, FV, FXII, FXI and Fibrinogen

AAged Serum i from blood collected in a clot tube from a normal donor which
has been kept over 48-72 hours

AFII and Fibrinogen is lost in the clot and FVIII and FV are lost in time i FIXa,

FXa, FXla
A- Aged Serum Always available in any laboratory
A-Pick up 3 each from different nor mal I ndi vi du
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CORRECTION STUDIES BY REPLACEMENT

Take a used vial of FVIII
: concentrate. Note the dose. It
A Using FVIII _ is usually 100 U/mL
concentrate: a patlent

IS In your centre with
bleeding and has a
prolonged APTT and
mixing studies with
PNP show good
correction of APTT

Add 6 pL of the diluted FVIII
concentrate to 150 pL of the
patient plasma

¥

Repeat APTT

WEH
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CORRECTION STUDIES BY REPLACEMENT

: : Take a used vial of FVIII
A If the APTT is corrected it concentrate. Note the dose. It

Is FVIII deficiency is usually 100 U/mL

A If the APTT remains
abnormal it is FIX
deficiency

A Or the sample has high
levels of FVIII inhibitors

s Add 6 pL of the diluted FVIII
A Inhibitor screen concentrate to 150 pL of the

A FVIIl Assay patient plasma

A Both are a form of Mixing $
studies using materials
discussed so far

Repeat APTT

WEH
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FACTOR ASSAY REAGENTS

ANormal reference plasma : to draw std graph i

Acommercial (traceable to SSC/ISTH Std)

Ain house (PNP i assigned values traceable to a calibrator).

A Control plasma: Normal & abnormal

A Factor deficient plasma: (contents will determine the time)
Almidazole buffer (Owr e nvérenal buffer may be used; pH: 7.35-7.4).
ACacCl2.

AAPTT reagent.

A Cost and Shelf life

WFH
WORLD FEDERATION OF HEMOPHILIA
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STORING REFERENCE AND DEFICIENT PLASMA

ARequiring a Freezer

Ai 800C for up to 1 year
a USD 1i015,a0 0

Ai 200C for up to 1 month
a USD B4,0®m0O0

FEDERATION MONDIALE DE L'HEMOPHILIE
) \



SIMPLE BUT STRINGENT STORAGE SOLUTIONS
WITH CONTINUOUS POWER

ADomestic Freezers
A-18°C to -22°C

AUSD i 250.

AStand alone with UPS

ANot freezers of domestic Fridge
A Freeze thaw cycles for defrost

ALess time outside the freezer
A Stability noticed up to 3 months




INCREASE RELIABILITY AND REDUCE RISK OF
FAILURE WITH STRICT IQC

C Controls
C 2 levels

C PT/INR & APTT
C Normal - PNP

C Abnormal 1
C Harvest remaining plasma from INR 2.0-2.5 into a vial and box it in a freezer
C When 20-30 7 thaw them, pool, aligout and store for daily use

C Factor assay
C Mix PNP with Factor Deficient plasma a 20%

Once Volume goes up i shift to commercial reagents
A wrH
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INHIBITOR SCREENING - AP

=
=

y

Patient

|

APTT (sec) of Incubated i fresh mix > 10 sec: Inhibitor +
You can improve the sensitivity of this test by using a normal plasma with

T

Patient
+

PNP

Incubated
Mix

50-60% FVIIl and a responsive APTT reagent

WFH
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EQAS

A WFH

WORLD FEDERATION OF HEMOPHILIA

WFH INTERNATIONAL EXTERNAL
QUALITY ASSESSMENT SCHEME (IEQAS)
PROGRAM

AWhatever the numbers, but for all established tests participation in
a Proficiency testing program is a must.



PERSONNEL

MOTIVATED TO DEVELOP NON-MANDATED LAB PROCEDURE

To T I

o I

Not common
Mandatory
Transfusion services
o Haemorrhagic conditions
o PPH (Post Partum haemorrhage)
A Fibrinogen is mandatory

A Will require standard reagent.

Difficult in-house
Trauma
QC of products (FFP and Cryo)
o Fibrinogen
o FVIII
o APTT




THANK YOU!
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QUESTION & ANSWER

Please submit your questions in the Q&A box

!
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Chromogenic Assays:

Why are they useful In hemophilia

Margareth Ozelo, MD PhD
Hemocentro UNICAMP, Brazil
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Measuring factor VIIl or factor IX activity
When is clinically important?

A For diagnosis
I Severity assessment

A For monitor FVIII or FIX therapy
I Prophylaxis for interventions (surgeries)
I Apparent resistance to factor replacement

I For better prophylaxis outcomes:
A pharmacokinetic determinants (eg. peaks and trough levels)

A As a step of others laboratory analysis

I To evaluate the presence of neutralizing antibodies (inhibitors)
A Bethesda-Nijmegen assay

WORLD FEDERATION OF HEMOPHILIA
FEDERATION MONDIALE DE L'HEMOPHILIE
FEDERACION MUNDIAL DE HEMOFILIA

Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7



Measuring factor
How to measure facto

VIl or factor IX activity
VI and IX activity?

A One-stage (aPTT-based) assay
I Simple and easy to perform, and more commonly used for monitoring

A Two-stage (lla generation) assay
I Uncommonly used (replaced by chromogenic assay)

A Chromogenic (Xa generation) assay

aPTT = activated partial thromboplastin time

FEDERATION MONDIALE DE L'HEMOPHILIE
]

FEDERACION MUNDIAL DE HEMOFILIA
Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7



One-stage FVIII/FIX clotting assay - aPTT

A Initiation of coagulation, FVIII activation, and subsequent FXa, thrombin and fibrin generation occurs in
a Asingle reactiwsnhagelbus termed Aone

A FDA recommends the one-stage clotting assay to assign FVIII and FIX concentrate potency

aPTT in diluted patient sample with FVIII/IX deficient plasma

. Drmi“:::;stage method A FVIll-deficient plasma (+/- VWF) or FIX-deficient plasma

for generation of factor Xa .
and thrombin and ensuing % A PhOSphO“pld
clot formation in one stage .
I Total amount/PS content

- A Contact activator

- _ Activatos i Ellagic acid/kaolin/micronised silica
Initial incubation | necnoiias

for generation e

of factor Xla Dilied . . - . . e .
sapie x  Timer starts with the addition of calcium to initiate the reaction and
e stops when reaches a preset increase in one of the following:
il
ﬁ i Turbidity (optical measurement) : :
\,____,,/ T Viscosity (mechanical measurement) Endpomt: Clot time
aPTT = activated partial thromboplastin time Gu et al. Haemophilia. 2014; 20. 593-600

VWEF = von Willebrand factor; PS = phosphatidylserine Malar et al., Eur J Haematol. 2020;104:3i 14



One-stage FVIII/FIX clotting assay - aPTT

Ellagic acid based

Ellagic acid

Polyphenolic acid

Silica based

Colloidal silica
Micronized silica
Silica dioxid
Sulfatides and silica

Kaolin

aPTT = activated partial thromboplastin time

Synthetic

Cephalin

Soya
Vegetable/Plant
Bovine

Rabbit brain

Porcine/chicken

Plasma derived standards

Chromogenic standards

Concentrate specific standard

Gu et al. Haemophilia. 2014; 20. 593-600



One-stage FVIII/FIX clotting assay - aPTT
Limitations

A Considerable inter- and intra laboratory variation due to

I Different instrument platforms
I Choice and handling of reference material
I Misleading when assaying for potency of rFVIII or rFIX products

A Large variability due to

I Sources of clotting activators, phospholipids and factor deficient plasma may differ,
kaolin activators are too dense for optical analyzers

I Susceptible to interference from preactivation of FVIII or FIX generated during
venipuncture

I Interference from anti-phospholipid antibodies WFH

WORLD FEDERATION OF HEMOPHILIA
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aPTT = activated partial thromboplastin time .
Gu et al. Haemophilia. 2014; 20. 593-600



Chromogenic FVIII assay

A Direct determination of FVIII cofactor activity: FVIIIl mediates FXa generation
A The European Pharmacopoeia (EMA) recommends use of the chromogenic-based assay to

assign FVIII concentrate potency

Chromogenic method

Stage 2:

Addition of chromogenic
FXa subsftrate and
generation of colour

Stage 1:
Generation of
Fvilla and FXa

s>

Cilluied

Fl¥a, FX,

Prothrombin (FII)
or Thrombin (Flla)

7 g

Plasma

+ FIXa

(Fvim) + phospholipids
+ Ca*

+FX >

FXa chromogenic
peptide substrate

B4 _, Cleaved chromogenic
substrate

Endpoint: Colour

www.coagulationassays.com Malar et al., Eur J Haematol. 2020;104:3i 14



Chromogenic FVIII assay

Chromogenic FVIII assay FIXa and FX reagents

Chromogenix kit

Coamatic Factor VI
Coatest Factor VIl
Coatest VIII:C/4

HemoslIL Electrachrome Factor
VIII

Factor VIII Chromogenic Assay

Technochrom FVIII:C

Biophen FVIII:C

Bovine

Bovine

Bovine

Bovine FX
Human FIXa, lla

Human

www.coagulationassays.com

Chromogenix a brand of
Instrumentation Laboratory (US)

Instrumentation Laboratory (US)

Siemens Healthcare (Germany)

Technoclone (Austria)

Hyphen BioMed (France)



Chromogenic FIX assay

I inthe presence of FVIII, calcium ions and phospholipids

+FXla

Plasma | +FVill

Prothrombin (FlI)
’ lea “~ or Thrombin (Flla)

+ FVllla

(FIX) + phospholipids

+ Ca?

+ FX >

I.__“_. FXa chromogenic

peptide substrate

Cleaved chromogenic

www.coagulationassays.com

A FIX is activated by human FXla with concomitant activation of human FX by generated FIXa
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Chromogenic FIX assay

ROX FACTOR IX Reagent A: human FVIII, human FX, bovine FV Rossix AB
Reagent B: human FXla, human Fll, calcium chloride (Sweden)
and phospholipids
CH9 Chromogenic Factor Mayo Medical
IX Activity Assay Laboratories (US)
BIOPHENE FIX Reagent 1. human FX and human FVIII

Hyphen BioMed

Reagent 2: human FXla, human thrombin, calcium (France)

chloride, imidazole, synthetic phospholipids

WEH
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Factor VIII activity for SHL or EHL FVIII concentrates

Monitoring SHL FVIII concentrates

A Differences according to OSA reagents, type of rFVIII
products, and standards used

i Full-length rEVIII in plasma may result higher level when measured

by CSA with plasma standards used for calibration

i B-domain deleted rFVIII (BDD-rFVIII) usually shows higher levels
when measured by OSA

A Chromogenic assays usually show better laboratory

agreements in field studies

SHL, standard half-life; EHL, extended half-life
OSA, one stage assay; CSA, chromogenic substrate assay

Monitoring EHL FVIII concentrates

N8 GP rEVIIFC BAY rFVIII-PEG
(Esperoct®) (Eloctate®) Jivi®)

Reagent name

Chromogenic assay Yes Yes Yes

One-stage reagents

STA-PTTA No Yes No
STA-C.K. Prest Yes Yes ?
Actin FS Yes Yes 2
Actin FSL Yes Yes 2
Pathromtin SL ? Yes ?
SynthASIl ? Yes ?
SynthAFax No ? Yes
DG Synth Yes ? ?
Cephascreen Yes Yes Yes
APTTI SP No ? No

Kitchen et al. Haemophilia 2014;20 (4), 36i 42
Kitchen et al. Semin TH. 2017;43(3):331-7



Factor IX activity for SHL FIX concentrates

Chromogenic vs. One-stage FIX assays

(a) 256 pdFIX ; rFIX ~ AChromogenic FIX activity is around
| ®@ one-stage clotting 70% of lts f
~ ' A chromogenic assay 0 of one-stage results for rkIX
2 concentrates
= 128 [ i
7 (Trgig +rti -
g 1%, 1 AOne-stage FIX activity can be
E 64 affected by the reagents used
™ |
32

A B C D El1 2 3 4 5
Hwen

WORLD FEDERATION OF HEMOPHILIA
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SHL, standard half-life

pdFIX, plasma-derived FIX; rFIX, recombinant FIX Wilmot et al. HaemOph"'a 2014, 20,8917

Kitchen et al. Haemophilia 2016 Jul;22Suppl 5:72-7



N9 GP rFIXFc FIXAlbumin

Reagent name (Rebinyri Refixia®) | (Alprolix®) |  (Idelvion®) Factor | X activi ty for
Chromogenic FIX assay Yes Yes Yes E H L F | X concen t r at es
Onestage reagents

STAPTT A No Yes Yes Assays that can be used to monitor
STAC.K Prest N No No selected EHL FIX products

Actin No ? ? i Y e séans results were within 257 30% of the
Actin ES No Yes No expected result based on labeled potency

Actin FSL No Yes ? i N ondeans results were more than 30%
PathromtinSL No Yes Yes different from expected

SynthASil No Yes Yes

A ? means authors are unaware of any data at

SynthAFax Yes ? ? the time of writing this article

DG Synth Yes ? ?

Cephascreen Yes Yes ?

APTTESP No ? ?

Auto APTT ? Yes ? |

PlatelinL ? Yes ? WFH
DAPTIN ves 2 ?

: Kitchen et al. Semin TH. 2017 Apr;43(3):331-7
EHL, extended half-life Malar et al., Eur J Haematol. 2020:104:3i 14



Assay discrepancies for endogenous FVIII or FIX
Non-severe hemophilia

Non-severe hemophilia A

OSA> CSA OSA< CSA
F8 mutations in A1ZA2ZA3 domain F8 mutations in VWF or FIXa binding sites, or thrombin cleavage sites
(destabilization of the FVllla heterotrimer) (supraphysiological factor concentrations in CSA)

A Recommendation:
I Consider the bleeding phenotype for severity assignment
I Patients with nonZevere hemophilia A, both OSA and CSA should be performed
I Not enough information for hemophilia B

WEH
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Assay discrepancies for endogenous FVIII or FIX
Gene therapy

Hemophilia A Hemophilia B

BDD-FVIII gene product FIX-Padua gene product
Chromogenic FVIII activity is 60% less than one stage!? Chromogenic FIX activity is 60% less than one-stage?
(opposite for BDD-rFVIII Refacto AF®) One stage vary according to reagents*

-e-Subject 1 -o—Subject 2 (Sample A) -+ Subject 2 (Sample B) Subject 2 (Sample C) —o— Subject 3

R-square: 0.951

Slope: 1.651 60 1
3
= 300
2 50
()
()]
S
@ 40
2 200- .
g g
2 o 30
= P
Z ic
<
= 100- 20 4
>
S
3 10 1
w

0
0 100 200 300 0 ' ' ' ' '
it g Actin FSL SynthASil C.K. Prest STA-PTT Automate ROX FIX Kit
Factor VIII Activity Chromogenic (1U/dL) (Chromogenic)
+ Participant 3 © Participant4 X Participant5 < Participant 6 FIX:C Assay Reagent °

A Participant 7 O Participant 8 > Participant 9

1. Rangarajan etal. N Engl J Med 2017;377:2519-30 3. George et al., N Engl J Med 2017; 377:2215-27
BDD-FVIII, B-domain deleted factor VIl 2. Rosen et al., Blood 2020;136:2524-34 4. Robinson et al., J Thromb Haemost. 2021;00:1i 7



FVIII assay Iin presence of emicizumab

A Emicizumab interferes with clottingzbased assays, such as the aPTT and oneztage assays

A Recommendation:
I For FVIII activity measurement and to quantify FVIII inhibitor in presence of emicizumab the

recommendation is to use of the chromogenic method containing bovine proteins

i To evaluate the expected emicizumab levels, it is possible to use of the modified one stage
assay method, including an additional pre-dilution and calibration of the assay with an

emicizumab-specific calibrator

WEH
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aPTT = activated partial thromboplastin time Malar et al., Eur J Haematol. 2020;104:3i 14
Srivastava et al., Haemophilia 2020 Aug;26 Suppl 6:1-158



In Summary

A Chromogenic assays may avoid some limitations associated with
oneAtage assays, but their regulatory status, higher cost, and lack of
laboratory expertise may influence their use

A For factor VIII and IX monitoring

I Chromogenic assay suitable for monitoring modified and unmodified FVIIl and
FIX

I Laboratories should have knowledge about which replacement factor the
patient is receiving and if their current method provides an accurate
measurement

I Clinicians must be informed about the potential biases (over- or
underestimating factor activity) and an alternative of measuring accurate

concentration provided
‘ i Wi
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Thank you!
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Bleeding Disorder Products:

The long journey of production

Radek Kaczmarek, PhD
Chair WFH CPSSA Committee
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« Extended half
life FVIII & FIX
» Non-factor
replacement
therapies
* Gene therapy in
«Viral s .. development

APCC  Consolidation
inactivation | ey decade
* Plasma or removal
: » rFIX
derived *Cloningof | eviq
FViland  FIX and
FIX FVIIl genes
concentrates
« DDAVP
precuplmte
Plasma
Blood
*lce
+ Splinting Unefmon
« Bed rest

1920s 1930s 19405 1950s 1960s 1970s 1980s 1990s 2000s 2010s

Evolution of hemophilia therapy: whole blood -> plasma-> cryoprecipitate ->
PdCFCs -> rCFCs -> EHL rCFCs -> non-factor products -> gene therapy

& wrH
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Key early technological leaps (1)

Cold ethanol fractionation and
purification of albumin.

Proof of concept for large scale
Isolation of therapeutic proteins from
plasma (1940s).

OOOOOOOOOOOOOOOOOOOOOOOOOO

Cohn et al, J Am Chem Soc, 68(3555?1”5‘@‘|;”21?%[35T§%'



Key early technological leaps (2)

Discovery of high FVIII:C activity iIn
cryoprecipitate.

Cryoprecipitation results from slow
thawing of whole plasma at 1 to 4°C.

Cryoprecipitate consists of FVIII, VWF,
fibrinogen and FXIII.

Still used in the developing world for
treatment of hemophilia; fills a gap

bet ween patientso nee

affordability.

Judith Graham Pool

Can be made at local blood
banks.

Usually not virally inactivated
(risk of blood-borne

dniectigns WFH

001 JG et al, Natre: S5 315, 3064



Plasma fractionation today (1)

Table 2. Typical Plasma Protein Downstream Purification Methods

Method

Cryoprecipitation

Ethanol
precipitation

lon exchange
chromatography

Affinity
chromatography

Immunoaffinity

Size-exclusion
chromatography

Ultrafiltration

Microfiltration

Description Separation principle Appilication
Thawing of whole plasma; Differential solubility at cold Precipitation of FVIIl, VWF,
at +1'Cto +4°C positive temperature and fibrinogen

Successive precipitation steps

of cryo-poor plasma by Ethanol

{10%-40%), under precise

conditions of pH (ca 7.4-4.5),

temperature (-3 to -6 C),
protein concentration,
and ionic strength
Removal of precipitates
by centrifugation
or depth-filtration
Binding of proteins on
a solid support usually
packed in a column.
Can also be done as
a batch process,
eg, DEAE, QAE, CM. ..
Binding of proteins on a
solid support most
usually packed in a
column; ligands include
heparin, metals,
and gelatin
Binding of proteins on a solid

support packed in a column.

Ligands include murine
monocional antibodies
Injection of proteins on
a solid support packed
in a column
Selective fractionation
process on membranes of
defined pore size that
concentrates protein and

removes low-molecular-weight

solutes and salts
Low-pressure cross-flow

membrane process for

separating colloidal and

Differential solubility in
ethanol at cold negative
temperature

Electric charge binding.
Elution by increasing salt
content or changing pH

Specific affinity ligand proteins.
Elution usually by increasing
salt content

Specific affinity antibodies-proteins.

Elution usually by increasing
salt content

Separation based on
differential molecular mass

Separation based on
differential molecular mass

Precipitation of fibrinogen,
IgG, albumin, AAT, etc

Most coagulation factors,
protease inhibitors,
and anticoagulants

AT, VWF, FIX, etc

FVII, FiX, protein C

AAT, FVIlI

All products

All products

V

Reception of plasma shipped by blood establishments
Control of shipping parameters and reconciliation

Quarantine of plasma in cold room (e.g. <-20°C or colder)
Control of documentation

Additional testing and quality control
I

Preparation of plasma batch
|
|

Conditioning of plasma packs
|

Pooling and large-scale processing
Opening of the plasma packs
Cryoprecipitation
Bulk fractionation steps (such as ethanol fractionation)
Preparation (and storage) of intermediate fractions
Protein downstream processing and viral reduction treatments of individual proteins

Finishing and terminal sterile filtration steps (0.2um)
]

Aseptic dispensing
Filling in vials / bottles

+/- Freeze-drying
|
I

Quarantine - quality control

Check of production batch records and documentation

!
Labelling - Packaging
|

Boxing - Shipment

Burnouf T, Trans Med Rev, 21(2), 101-117, 2007




Plasma fractionation today (2)

Table 1 Range of plasma products and clinical use [adapted from (4))

Protein

Fibrinogen

Factor Il

Thrombin (factor lla)
Factor V

Factor Vi

Factor VI

Factor IX

Factor X

Factor XI

Factor Xl

Von Willebrand factor

Factor VIII/Von Willebrand factor

Prothrombin complex

Fibrin sealant/fibrin glue (fibrinogen and
thrombin)

Clinical use

Congenital or acquired (postpartum hemorrhage) deficiency
Factor Il deficiency

Component of fibrin sealant as hemostatic or sealing agent
Factor V deficiency

Factor VIl deficiency

Hemophilia A

Hemophilia B

Factor X deficiency

Hemophilia C (factor Xl deficiency)

Factor XlII deficiency

Severe forms (type 3 and in type 2) of Von Willebrand factor deficiency, sometimes in
combination with factor Vil administration

Hemophilia A: severe forms (type 3 and in type 2) of Von Willebrand factor deficiency

Treatment of complex liver diseases; warfarin or coumarin derivatives reversal; hemophilia B
(in the absence of single factor IC concentrate)

Topical tissue hemostatic healing and sealing agent for surgical applications

Activated prothrombin complex Hemophilia A with neutralizing anti-FVIll inhibitors (in the absence of other treatment possibly
more adapted to patient condition)
Antithrombin Congenital (or acquired) deficiency leading to thrombosis

Alpha 1-antitrypsin
C1-esterase inhibitor

Protein C

Polyvalent IgG (normal)

Hyperimmune IgG: hepatitis B, hepatitis A,
tetanus, rabies, varicella/zoster

Anti-Rho (D)

Albumin

Congenital deficiency associated with panacinar lung emphysema
Congenital deficiency leading to angioedema
Congenital deficiency leading to thrombosis

Prevention of infections in immunodeficient patients; Immune modulation in various
immunological disorders

Prevention or treatment of infections

Prevention of haemolytic disease of the newborn

Volume replacement

Multiple plasma-derived
products for people with
bleeding disorders are in the
clinic today.

Not all commercially available
(FV concentrate).

& wrH
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Plasma fractionation today (3)

Plasma pool

| IUp to 30,000 L plasma
(120k donations) pooled

| Cryopreci pﬂatﬁn

I 1 Eryopracipiiale | | C-‘,ryo-poor plasma | I

v v
__]_Precipitation/adsorption | | {Fraction ) | e DL LT -
"""" 1 |
| Viral inactivation | [ (IEC) 1 | IEC-eluate |
|  Immobilized heparin | *| Viral inactivation | F V I I

| Factor VI

! !
IEC Precipitation (1+) Il + 11l | Viral inactivation
Mab + IEC | Protein C
SEC upernatant (1+) ll+111 Precipitate (1+) l1+1l

Immobilized heparin \ | v
| IEC |_Immobilized heparin

| Fraction IV | ¢ _ 1 l
_‘.r o | Precipitation Il | _
[~ Wanohiration) ~. ] I IEC ¥ | {(Nanofiltration) | | Nanofiltration
L l . ¥ Fraction V | .
P . Viral inactivation l Precipitate || | L y
| wwr) | FVIIl | (Fib) l | Prothrombin complex | | FIX
: ; ! IEC |
: : : r
- - v SE | A Viral inactivation |
| {Dry-heat treatment) ¥ | (Dry-heat treatment)
| Albumin |
y
| {Nanofiltration) | l | Nanofiltration |
FVII(+/-VWF), | PCC FIX
L___Pasteurization | l [ Antithrombin |
. . i
f I b r I n O g e n | Alpha 1-Antitryprin | | IM/ IV IgG |
Fib Fibrinogen
IEC lon exchange chromatography
WORLD FEDERATION OF HEMOPHILIA
Mab Monoclonal antibody chromatography FEDERATION MONDIALE DE L'HEMOPHILIE
SEC Size exclusion chromatography DERACION MUNDIAL DE HEMOFILIA

0 indicates optional treatment Burnouf T, Trans Med Rev, 21(2), 101-117, 2007



Viral inactivation (1)

The HIV epidemic among
PWBDs caused by viral
contamination of CFCs
prompted integration of
viral reduction (inactivation
and/or removal) measures
in the manufacture of
products.

<

A robust set of safety GMP measures under [
regulatory authorities supervision

Mini-pool/

Donation manufacturing

Epidemiological 3
testing

Donor’s
screening

Viral reduction

surveillance pool virus

marker testing

(hold period) treatments

Tested known Knownpathogens(HlV,

pathogens
(HIV, HBV, HCV)

Known and General risk factors

emerging agents

Known and
HBV, HCV, HAV, B19)  unknown pathogens

D RS

Dry-heat

(e.g. 60-80°C; Ovycbmet

oC- : Nanofiltration
24-72 hrs) (e.g. 100°C; 30 min)

( All E viruses

& WFH
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| HAV, B19 (NE)
7 | AllE and NE viruses
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Viral inactivation (2)

No HIV, HCV or HBV
Infections via CFCs have
been reported since the
Introduction of the viral
reduction measures.

Unknown risk of new
Infectious agents.

WFH
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