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Inhibitors remain the greatest
challenge to haemophilia care today

Mark Skinner, WFH President, Jan 2006:

TOday’ bOth plasma-derlved and recombinant Assessing and communicating risk
pI’OdUCtS enjoy a robust record of Safety_” with hemophilia treatment products
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,We need a better understanding of the risk sk, e,
for and incidence of inhibitor development.”

,Historically, we have primarily considered

pathogen risks such as HIV, hepatitis, If:; T SIS
and variant Creutzfeldt-Jakob disease (vCJD). &2 |
In the future, we must define risk more s
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broadly. The risk of developing an inhibitor,

a problem faced by 20-30 per cent of patients |
with severe hemophilia A, and the risk of an e
unstable or inadequate supply of El s s
treatment products are also of vital

importance.”
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Severe Haemophilia A in Australia
(ABDR data 2007)

Product using HA patients = 572

Hepatitis C (=18 years) = 90%

HIV = 25%

Inhibitor rate 8.5%

Prophylaxis 319% of adults

Factor use 128,0001U per year (per person)

Adults: rVIII = 94.2%
pdVIll only = 3.3%

Children: rEVIII = 949
pdFVIII = 2.9%
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Rate of inhibitor development pdFVIII vs rFVIII

Wight and Paisley Haemophilia 2003;9:418-435.
Single pdFVIIl concentrates inhibitor rate 0-12% vs 36-38% rFVIlI

[ pd FVIII product rFVIIl product
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Influence of the type of factor VIII concentrate on the incidence of factor VIII
inhibitors in previously untreated patients with severe hemophilia A

Jenny Goudemand, Chantal Rothschild, Virginie Demiguel, Christine Vinciguerrat, Thierry Lambert, Hervé Chambost, Annie Borel-Derlon,
Ségoléne Claeyssens, Yves Laurian, Thierry Calvez, and the members of the FVIII-LFB and Recombinant FVIII study groups

Table 1. Characteristics of the cohorts

FVIlI-LFB; Recombinant
n=&2 FVIll*; n = B6
Follow-up
i 1888-1920 =
Mean perpa i 2
inhilitor tests
Median CEDs (25th-75th percentila) 5.4 (4.0-7.4) 52(3.574)
Patients with average intarval no highear than
10 CEDs (%) 51 (B2) 72 (84)
Median, mao (25th-75th percantils) 4.4({3.36.3) 3.2 (2.4-45)
Exposure

Median CEDs (range)
Pationts with at least 50 CEDs (%)
i aast 100 CED= (%)

108 {1-544)
40 (65)
a2 (52)

28 (3-655)
36 (42)

Genetic cofactors, no. (%)%

High-risk mutations 36 (58 44 (51)
Other mutations 23 1
Monwhite 11 17 (20
Farnily history of hamaophilia and inhibitor 9i15) 6 (7)
Farnily history of hemaphilia without inhibitor 23 (37) 23 (27
Environmental cofactors, no. (3%)§
Age at first infusicn||
Younger than & months 17 (27) 18 (21)
& to 11 months 21 (34) 20 (24)
End point (32)
Patients with inhibitors, 0.6 BU or more 711} 27 (31)
Ma, of high inhibitors, more than 5 BU 3(5) 13 (15)

Ma. of high inhibitors, more than 5 BU and/or
ITl

4 (B) 18 (22)

Treated with single product
No switch
VWEF content 0.2-0.4 1U/ 1 1U FVII

Full length recombinant

No difference in RF’s

Blood 2006; 107:46-51.



Endpoints: All inhibitors High inhibitors High imhibitors andior ITI
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Table 3. Multivariate analysis (Cox model) of inhibitor incidence according to risk factors
Allinhibitors High inhibitors High inhibitors and/or ITI
Cll (%) RRa 95% CI P ClI* (%) RRa 95% Cl P Cll (%) RRa 95% Cl P
Product 049 BT 045
FVIII-LFE 10.3 2 5.2 -5 5.9 1.0 —
Recombinant FVIIF 32.3 2.4 1.0-5.8 15.0 2.6 0.7-9.6

J Goudemand et al, Blood 2006:; 107: 46-51.



Recombinant versus plasma-derived factor VIII products and the development
of inhibitors in previously untreated patients with severe hemophilia A:
the CANAL cohort study

Samantha C. Gouw, ' Johanna G. van der Bom,® Glinter Auerswald,* Carmen Escuriola Ettinghausen,® UIf Tedgard,®
and H. Marijke van den Berg,' for the CANAL Study group

Wan Creveldkliniek, University Medical Center Utrecht, the Netherlands; 2Department of Pediatrics, Wilhelmina Children’s Hospital, University Medical Center
Utrecht, Utrecht, the Netherlands; *Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, the Netherlands; *Prof Hess-Kinderklinik,
Zentrum fur Kinderheilkunde und Jugendmedizin, Bremen, Germany; *Centre of Pediatrics Ill, Department of Hematology, Oncology and Haemostaseology,
Johann-Wolfgang-Goethe University Hospital, Frankfurt AM Main, Germany; #Department of Pediatrics, University of Lund, University Hospital, Malmd, Sweden

316 PUP’s from 14 centres Of 135 pdFVIII — 33 low VWF

SHA < 2% No assoc between low vs high found
> 950 CED’s 36% of pdFVIII switched to

> High VWF product > 0.02 IU recombinant median 5 CED (vs 3%)

VWFAg per IU FVIII Less distinct calendar difference so ?
Multiple products Product selection on pt characteristic

Blood 2007; 109: 4693-4697.



Table 2. Risk of inhibitor development according to type of factor VIl product

All clinically relevant inhibitor development High-titer inhibitor development®
Crude Adjusted Crude Adjusted
MED RR (Cl) P RR (CI) P RR (CI) P RR (CI) P
Recombinant 84Q3 1.0 1.0 1.0 1.0
Plasma-derved 4425 0.8{051.3) 34 0.7 (0.4-1.1) 4 08i(0.5-1.5) g2 0.8(0.4-1.3) REH
Racombinant 8493 1.0 1.0 1.0 1.0
Plasmarderived
Low WWE contantt 1272 0.3{04-1.1) o7 0.4(04-1.4) 0.1-1.2) A9 0.2{0.1-1.2) 1
High VWF contentt 3153 1.0 (0.6-1.85) o 0.8(0.5-1.4) (0.7-2.00 B 0.9 {0.5-1.5) 79
Kogenate 4267 ] 1.0 1.0 1.0
Kogenate Bayer ara 1.1(0.2-45) a4 1.2(0.9-5.4) 79 1.6 (0.3-6.5) &0 1.6 (0.3-7.3) 55
Recombinate 1639 1.1 (05-2.9) 75 1.0(0.5-2.1) e 1.4 (0.6-31) 38 1.2 (0.65-2.7) 70
Rafacto 2209 1.4 (0828 24 1.6 (0.8-2.2) 4 1.5 (0.7-2.0) A0 1.4 (0.6-3.1}) Re:=

Adjusted for baseling factor VI activity leval, ethnicity, factor VI gene mutation type, age at first exposurs, duration betwesn exposure days, doss of factor VI, and
regular prophylaxis.

Gouw et al. Blood 2007; 109: 4693-4697.



Early factor VIII exposure and subsequent inhibitor
development in children with severe haemophilia A

E.A. CHALMERS,* 5. A. BROWN,T D. KEELING.,T R, LIESNER,§ M. RICHARDS,* D. STIRLING,**
A. THOMAS, % V. VIDLER, {7 M. D. WILLIAMSES and D. YOUNG®* ON BEHALF OF THE
PAEDIATRIC WORKING PARTY OF UKHCDO

*Roval Hospital for Sick Children, Glasgow: YRoval Free Hospital, London; TOxford Radcliffe Hospital, Oxford; §Great
Ormond Street Hospital, London; Y5t James” Hospital, Leeds; ** Edinburgh Royal Infirmary, Edinburgh; +tRoval Hospital
for Sick Children, Edinburgh; $1Sheffield Children’s Hospital, Sheffield: and §%Birmingham Children’s Hospital,
Birmingham. UK

348 PUP’s with > 50 CED from Inhibitors 14% pdFVIIl vs 27% rFVIII
1987-2003 in 8 UK HTC’s _

(p=0.009) with RR 2.24 (Cl 1.24-4.04)
43% initially received pdFVIlI

Multivariate analysis RR 1.83 (Cl 0.9-3.72)

(no switch data)
Long interval between inhibitor HR 10% vs 15% (p=0.17)

testing

No product data re VWF content etc

Haemophilia 2007; 13: 149-155.



Summary of inhibitor risk

French CANAL UK

All inhibitors 23% 26% 20%

HR 10% 21% 10%
all inhibitors

pdFVIII RR 1.0 1.0 1.0

rEVIII 24 1058 140925 1.8(0.9-3.7)
high responding

pdFVIII 1.0 1.0

rFVIII 2.6 (0.7-96) 1.25(0.8-2.5)




ITI In Frankfurt
Data from Dr Kreuz ISTH 2007

Type of concentrate Complete ITI Success rate
1979-93 [n/n] [%0]
Patients pd (FVIII-VWF) 19/21 91%
Since 1993
Patients n=16 | pd (FVIII-vWF) 212 100%
hp FVIII 4/14 29%
n=10 Changed to pd FVIII-vWF 8/10 80%
total 14/16 88%

[Kreuz et al.; Haematologica, 2001]




Data from Dr Kreuz ISTH 2007
- Haemophilia Centres Bonn and Bremen -

<1990 >1990-7/2001
n=51 n=42
Plasma- Plasma-
derived Recombinant derived
FVII/VWE FVIII (n=14) FVIII_/VWF
(n=28)
Overall success rate 87% 54% 829%
sSuccess rate
86% 43% 78%
(HR >5BU)
sSuccess rate
93% 72% 91%
(LR >0,6-5BU)

[Auerswald G, Spranger Th, Brackmann HH; Haematologica, 2003]




Salvage ITI with

change of high purity FVIIl concentrates without VWF
to FVIII containing VWF* (1993-2001) at Frankfurt HTC

High responders (>5 BU) n=13 median range
Age at first ED (years) 1.0 0.1-50
Number of EDs until inhibitor (n) 13 4-100
Maximum inhibitor titre (BU) 97 8-287
Time until change of concentrate 3.3 1.4-20
(months)

Time until complete success (months) 17 5-36

Complete success in 10 of 13 patients



Use of FVIII/VWF
In inhibitor patients as salvage ITI

Author No HR Therapy Product Therapy Outcome
of [n] regimen duration
pts [months]
[n]
Orsiniet 8 8 50-230 VWF/FVIII 8 7/8 complete
al., 2005 IU/kg BW  complex (median) success
concentrate 1 partial success
Gringeri 4 4 200 1IU/kg  VWF-FVIII 3/4 complete
et al, BW complex success
2006 concentrate




Use of FVIII/VWEF for ITI

In inhibitor patients with bad prognostic factors*

Author No HR Therapy Product Therapy Outcome
of [n] regimen duration
pts [months]
[n]
Gringeri et 13 13 200 VWE-FVIII 18 7/13 complete
al., 2006 IU/kg complex (median) success
BW concentrate 4-30 5 partial
success
1 failure / drop
out
Portuguese 7 6 200 VWE-FVIII 7 (mean) 6/7 complete
experience lU/kg complex 3-22 success
2006 BW concentrate

*Delayed onset of ITI of >2y, or Age >6 years, or Inhibitor peak >200 BU,
or Inhibitor titre > 10 BU when ITI started




Jowrnal of Thrombosiz and Haemostasiz, 5 (Suppl. 1) 143150

Immune tolerance therapy for factor VIl inhibitors: moving
from empiricism to an evidence-based approach

0. DIMICHELE
Weill Medical Caollege of Comell University, New York, NY, UsA

Study Product Drose Success rale

VW Fecontaining factor VI 7 F Vi)
Brackmann 1996 [2] Hasmate P® High
Oz 2005 [26] Factane® Vanous

High purity plasma-derived recombinant F Vil

Smith 1999 [4] Monoclonal/ High
recombinant

Focinoe 2006 [5] Monoclonal/ Intermediate
recombinant

Recombinant F Vi

Lusher 1994 [25] Kopgenale® High

Bray 1994 [29] Recombinate®  High

Batlle 1999 [30] Kogenale® High
Courter 2001 [31] Refacto® High

Barnes 2006 [27] Kopena le® Vanous
Rocino 2006 [22] Various Intermediate/

high




* NAITR reported a higher success rate with IT]
using pdFVIIl (73%) cf rEVII (51%)

(DiMichele D, et al. [Abstarct] Blood 2000:96:266a)

* Guidelines from UKHDO, European Consensus
Panel and International Consensus Panel don't
not feel there is adequate evidence to influence
product choice

 RESIST study : ITIl naive patients randomised to
200U/kg/d of either pdF VIl or rFVIII



The international ObsIT| — study programme
ervational study in Immune Tolerance Induction

Principal Investigators: Wolfhart Kreuz, C. Escuriola-Ettingshausen
University Hospital of Frankfurt, Germany
Co-Investigators: Erik Berntorp, Jan Astermark

University Clinics of Malmo, Sweden

Y

n Title A Survey on the Success Rate of
[ Inhibitor Elimination Using Controlled
2§ g (High Dose) Immune Tolerance Induction
- (IT1)
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Patient inclusion criteria

Severe or moderate haemophilia A patients with FVIII-
inhibitors and at least one poor prognostic factor for ITI:

° age >7y

* inhibitor >2y after inhibitor diagnosis

* historical peak inhibitor titre of >200 BU
titre >10 BU at start of ITI

earlier ITl-failure or interruption

patients with no concomitant immunosuppressive or
experimental treatment



Octanate in ObsITI — treatment regimen

According to the high-dose (HD) / Bonn protocol:

* High responders with 25 BU at start of ITI:
100-150 IU FVIIl/kg every 12 hours

* Low responders with <5 BU at start of ITlI:
50-100 IU FVIll/kg per day or every other day

* In case of acute bleeding during ITI:
90-120 pg FVlla/kg every 2 hours until the hemorrhagic
syndrome resolves



Interim results of the ongoing ITl cases

ITI success milestones:

A=Inhibitor titre <0.6 BU
B=Normalized FVIII recovery
C=Normalized FVIII half-life

5/5

* Overall interim ITl-success rate for partial [A+B] or
complete [A+B+C] success is 88.3%.

* 10 of 12 high responders (83%), and 5 of 5 low
responders (100%) show complete [A+B+C] or partial
[A+B] success.

100%

90% -

80% -

70% -
1117

60% -
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B High responders
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O Al

40%
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10% -

0%

4/12

0/5

4/17

012 0/5 0/17

2/12

0/5

2117

Complete success Partial success [A+B]

[A+B+C]

Partial response [A]

Inhibitor still present




VWEF protects FVIII from
endocytosis by dendritic cells and " .
subsequent presentation to '
Immune effectors
Dasgupta S and Lacroix-Desmazes s.

Blood 2007; 109: 610-612.

FYILIL-FITC posibive celle (%)

1. Dendritic cells take up FVIII (A and B) ‘

2
B

2. Causing activation of T cells (C and D)

>

LI
Prodhuctian o IFR-gamnes | ¥a]
?1 -]

FYIIL «3F LS

FRILIVEE o

3

PYLII-FITE pembtive calts { Yol
u a

3. DC uptake is blocked by VWF (40%)
(A and C)

4. Which also blocks T cell activation (B)

5. And this is dependent upon FVIII:.VWF
binding with no inhibition shown
using a VWF mutant that doesn'’t bind
FVIIl (D)
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glycosalation
Mmannose

» the DC receptor responsible for FVIII uptake is the macrophage-mannose
receptor

» unusually mannose sugars are present on the C1 and variably A1 domains
« VWEF light chain binding protects against uptake

« also VWF can block antibodies directed against C1 (and A3) formed by
previously sensitized B cells acting as APC’s (Suzuki TH 1996)

* but protective effect depends upon affinity of Ab vs VWF



Protective effect of VWF

| | | | |
Dx bleed first Rx inhibitor ITI

PUP I | Y =
~ DC/macophage  Blymphooyte

Protective Tt ++ /-

effect of
VWF

Lacroix-Desmazes
ISTH 2007
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Effect of factor Vlll concentrate on leucocyte cytokine

rec Ep] Haemophilia (2006), 12, 133139
and t

mhll‘utnr formation

Effect of tactor VIII concentrate on leucocyte cytokine
receptor expression iz vitro: relevance to inhibitor formation

G. HODC and tolerance induction

Haematolo,
G. HODGE, B. SAXON and T.REVESZ

delaide, South Australia

Haematology/Oneology Department, Women's and Children’s Hogpital, North Adelaide, South Australia

IL-2R pos T-cells (%)

0 24 48 72
Time of incubation (h)

Fig. 1. Graph showing the effect of 2.5 [U mL™" of plasma-
derived factor VI (pdFVIIL), 2.5 1U mL™" recombinant FVIII
(rEVIL, 1077 m prednisolone (P} and a combination of
251U mL™" of pdEVIIL and 1077 P on the upregulation of the
interleukin-22R (CD25) on T cells following stimulation of whole
blood with 10 pg mL™" phytohaemagglutinin (PHA) (mean =
SEM of five experiments). Upregulation of CD25 on T cells was
significantly inhibited in the presence of 2.5 IU mL™" of pdFVIII
and 1077 of P (P < 0.05) at all time points. The inhibition of
upregulation of T cell CD25 in the presence of both pdFVII and
P’ was additive. No change in cytokine receptor upregulation was
noted in the presence of 2.5 IU of fFVIIL (P> 0,05 for all time
points)

T cell and monocyte cytokines are
inhibited in the presence of pdFVIII

 up regulation of T cell, monocyte
as well as B cell receptors
(including memory CD40/CD40L)
was inhibited by pdFVIll cf rFVIII

*The use of pdFVIIl, particularly the
more inhibitory batches, may be
more suitable than rFVIII for
tolerance induction protocols.”

[Greg Hodge et al., Haemophilia 2006]



The beneficial role of VWF In ITI
- In vitro observations -

1 A e S e
Impact on thrombin generation of SRS N B
different inhibitor reactivites with ?g wl i
commercial factor VIl concentrates . = = _
m "™
Gian Luca Salvagno 1, Jan Astermark 2, Maj Ekman 2, Massimo Franchini 3, Gian Cesare mwantl——— B
Guidi ', Giuseppe Lippi !, Giovanni Poli ', Erik Berntorp 2 g o -
Sareiio n:'mic;”n'i".m:ﬁ’?ﬁﬂﬂ:ﬁ'ﬂﬁ’?ﬂﬁ;:LEL‘-.’TZ;.ﬁﬂiiﬁ"n‘fﬁ:‘;m°f°°°'*"""°"D'”“_I_""m "fj'_"_‘_“'” ”W'"M"mé's“'_“_"_"_f > I USRS W
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To further substantiate the hemostatic role of variation in inhibitor reactivity with different FVIll concentrates we
compared inhibitor titers from 11 plasmas against a panel of FVIIl concentrates and correlated titer with capacity |
to inhibit thrombin generation elicited by each concentrate using a thrombin generation assay. throbin generation were lowest for non-

VWEF-containing concentrates

HITHVIWIE ULISID 11ICSTUTU W IHinvit vy /o

“This study confirms results from previous studies regarding variation of
inhibitor reactivity against different concentrates and further shows that VWEF-
containing concentrates generate more thrombin than Hemofil M and
Kogenate Bayer in the presence of FVIII inhibitors.”

The thrombin generation assay results add further evidence for
the role of VWF in the treatment of patients with inhibitors.




Can we risk profile patients to help guide product choice ?

Concept provided by J Oldenburg _
Bad Risk Factors

Genetic Background

Genetic Background - Positive family history

v Negative family history - Severe haemophilia

v Non-severe haemophilia - African origin

v" Caucasian origin - Null mutation

v Missense mutation - IL10 134 positive

v IL10 134 negative - TNF alpha A2 positive
v TNF alpha A2 negative - CTLA4-318 T negative

v CTLA4-318 T positive
Environmental

Environmental — | - Early event-based treatment
v’ Early prophylaxis - Intensive treatment

v' Absence of danger signals - Continuous infusion

v'Type of concentrate: - Danger signals

VWE-stabilized FVIII - Type of concentrate: no VWF




Thanks for your attention



