Current and Emerging Challenges:
Risk factors for inhibitor development

Dr Julie Curtin
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Risk Factors

Genetic

Environmental/Treatment Related
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Genetic Risk Factors

Severity of haemophilia Family history
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Genetic Mutation as a risk factor
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Race and Ethnicity

* Incidence in patients
of African origin twice
that of caucasians

e Differences in FVIII
haplotypes

e Recombinant products
have H1 and H2

haploptypes (as seen
in caucasians)
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Viel et al NEJM 2009 360 (16): 1618 - 1627
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Immune Response Genes

Activated B cell
T cell
v A\

Plasma cell

v

differentiation

Antigen i
exogenous v - nti -
FVIIAX e l iﬁg At - PYRVIX
L4 v
Memory B
MHC Class Il antigens
II-10
CTLA-4
TNFa
(g2 the , SYDNEYF The Sydney Children’s
% Chlldjfen S + @ﬁlolf?g’li'FANI.S Hespitals Nefwork
.“l hospltal at Westmead RS W hamduick v esmcas

26/10/2011



Non-Genetic Risk Factors

e Lack of robust data concerning the influence
of these risk factors

 Clinical studies differ in key characteristics
— Duration of follow-up
— Definition of severe haemophilia, PTP
— Methods of inhibitor assay
— Use of central labs
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Importance of Age at First Treatment
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Lorenzo et al British Journal of Haematology (2001) 113; 600 - 6023
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Age at First Treatment
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Johanna G. van der Bom, Eveline P. Mauser-Bunschoten, Kathelijn Fischer, H. Marijke van
den Berg Thrombosis and Haemostasis 2003; 89:475-479
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Can activated recombinant factor VIl be
used to postpone the exposure of infants
to factor VIII until after 2 years of age?

Rivard et al Haemophilia (2005) 11 335 - 339
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Can activated recombinant factor VIl be
used to postpone the exposure of infants
to factor VIII until after 2 years of age?

— 4/14 mouth bleeds not controlled with rFVlla
— 2/6 haemathroses not controlled with rFVlla
— Only 3/11 pts postponed until >2 yrs

— Postponement of exposure to FVIII Mean 5.5
months (range 0 — 12 mos)

— 5/11 patients developed inhibitors

Rivard et al Haemophilia (2005) 11 335 - 339
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UKHCDO Paediatric Working Party

Table 2. Intron 22 subgroup: age at first exposure to FVIII and
inhibitor development.

Age, months (days) Number treated All inhibitors, # (%)
<1 (<30) 14 4 (29)
1-6 (30-180) 18 5(28)
6-12 (180-360) 50 16 (32)
12-18 (360-540) 25 7 (28)
>18 (>540) 15 3(20)
Total 122 35(29)

N= 348 total, intron 22 group 122 pts
Chalmers et al Haemophilia (2007) , 13, 149 - 155
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UKHCDO Paediatric Working Party

Table 5. Odds ratios for inhibitor development.

Univariate analysis Multivariate analysis

Variables OR 95% C1 OR 95% Cl
M 1.22 0.53-2.81 q;? 0.47-2.85
Non-caucasian origin 1.61 0.86-3.02 . 0.46-2.8
Positive family history 1.78 0.77-4.09 1.5 0.52-4.31
Onset of trearment <18 months 2.82 1.16-6.83 1.43 0.5-4.09
Recomhinane FVITT nraduct 2.24 1.24-4.04 183 0.9-3.72
Major genetic defect 2.67 1.31-5.41 3.34 1.45-7.71

Chalmers et al Haemophilia (2007) , 13, 149 - 155
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CANAL Cohort Study

366 PUPs with severe haemophilia born 1990 — 2000

Table 4. Risk of inhibitor develop ding to h istl
All inhibiters High-titer inhibitors®
Proportion Pfor  Adjusted RR  Pfor  Propertion Pfor Adjusted RR Pfor
of Inh (%) Crude RR{CI) trend (el trend  ofInh (%) Crude RR(CT) trend (e trend
At first factor VIl exposure.
Aga at first exposure
Mare than 18 mo 157 (18) 1.0 005 1.08 21 WST (16) 1.0 0z 1.0§ 63
120 18 mo 1682 (20) 1.1(0.52.5) 12(0.528) 1382 (16)f 1.0(0.4-2.4) 1.0 (0.4-2.6)
Blo12mo 307130 (23)  1.3(0.7-2.7) 1.5 {06-3.4) 23130(18] 1.1 (0.5-2.5) 1.1 {0.4-2.6)
1o6Ema 1343 (30) 1.9(08-43) 18(0.74.7) 10/43 (23] 16 (0.6-3.9) 1.3 (0.5-3.8)
Less than 1 mo 1639 (41) 27 (1.2-58) 1.6 {0.6-4.1) 13/39 (33) \ 2.4 (1.0-5.6) 1.1{04-32

A young age at first exposure was associated with an increase risk
> However this association largely disappeared after adjustment for intensity of treatment

Gouw et al Blood (2007) 109: 4648 - 4654
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CANAL Cohort Study

Table 4. Risk of inhibitor development according to reatment characteristic

All inhibitors High-titer inhibitors®
Propartion Plor  Adjusted AR Plor  Proportion Plor Adjusted RR  Plor
of Inh (%) Crude RR(CI) trend cn trend ofInh (%) Crude RR(CI) trend cn trend
At first factor Vill exposure
Reason for first factor VI
treatmaent
Bloed 65286 (23) 1.0 1.0 SOVEBEG (17) 10 1.0
Prophylaxis 837(22) 1.0{0520) 82 10(0522) 85 TBT(18) 1.1 {05-24) 82 1.2 (0.5-2.8) B3
Surgical procadura 11147 (65) 372071 <001 286(13-51) D07 10T (58) 4.4(2287) <001 32(1667) 002
Paak freatment moment at first
troatment opisodot
Mona 447220 (19) 1.0 .00 1220 (14) 1.0 .00
340 4 days TEE(19)  1.0{0523) 98 1.1(0524) a7 36 (17)  1.2(05-29) B8 13(0.5-3.1) &3
At loast 5 days. 3257 (56) 33(2453) <.001 31{1850) =001 30GET(53) 432674 <00 442470) = 00

> Intensive treatment (early surgical procedures, early major peak treatment
moments and high dosing factor VIII) — related to higher risk

Gouw et al Blood (2007) 109: 4648 - 4654
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CANAL study
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Figure 2. Cumulative incidence of inhibitor development according to treat-
ment regimen: prophylaxis versus on demand.

Gouw et al Blood (2007 ) 109, 4648-4654
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Early prophylaxis/FVIII tolerization regimen that avoids
immunological danger signals is still effective in minimizing
FVIII inhibitor developments in previously untreated
patients — long-term follow-up and continuing experience

G. AUERSWALD,* C. BIDLINGMAIERt and K. KURNIKt
* Prof. Hess Childrens Hospital, Klinikiem Bremen-Mitte, Bremen, Germany; and tKlinikum der Universitaet Muenchen, Dr von Haunersches Childrens
Haspital, Munich, Germany

Table 1. Inhibitor incidence of the study group compared to the control

group.
Historical control Study group
group (standard (new early
prophylaxis tolerization
regimen) n = 30 regimen) n = 40
Inhibitors (%) 14 (47) 1(2.5)
High responders (%) 8 (27) 0
Low responders (%) 6 (20) 1(2.5)

Auerswald et al Haemophilia (2011) epub Sept 27
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Frequency of inhibitors increasing among Swedish
children with severe hemophilia A?
R. Ljung, P. Petrini and F . Holmberg

40%- ® Patients with
3591 inhibitors
309%] P=0.022
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1980-1999 2000-2007

| Haemophilia 2010, 16 (Suppl. 4)
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Factor Products

Table 5. Exposure Days to Factor VIl Preparations of Type A
Inhibitor Patients in Dutch and US Cohorts

Cumulative Exposure
to FVIIl Preparations

<250d >250d

[no. of {no. of FVIII CPS-P
patients) patients)  |icensed in 1990
US cohort* in Netherlands
in=24) 24 o 1991 - began
Cohort 1984-1989 ing inhibit
-2 2 0 §ee|ng inhibitors
National study in PTPs
Period | (March 1988-May 1990) Belgium had
n=4) 4 o similar problem
Period Il (June 1990-November 1991)
{n=11) 2 9
* Data from McMillan et al.*?
Rosendaal FR et a/ Blood 1993 81 2180 - 2186
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N= 148 PUPs in France

Goudemand et a/ Blood (2006) 107, 46 - 51
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Pd FVIII v’s rFVIII CANAL study

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

All clinically relevant inhibitor development High-titer inhibitor development*
Crude Adjusted Crude Adjusted
NED RR (CI) P RR (CI) P RR (CI) P RR (CI) P
Recombinant 8403 10 1.0 1.0 1.0
Plasma-derived 4425 0.8 (0.5-1.3) a4 0.7 (0.4-1.1) 14 0.9 (¢ 5-1.5) 72 0.8(0.4-1.3) .33
Recombinant 8493 10 1.0 10 1.0
Plasma-derived
Low VWF contentt 1272 0.3 (0.1-1.1) o7 0.4 (0.1-1.1) .08 0.3(0.1-1.2) .09 0.3(0.1-1.3) A1
High VWF contentt 3153 1.0 (0.6-1.6) o 0.8 (0.5-1.4) 45 1.1{0.7-2.0) 61 0.9 (0.5-1.6) .79
Kogenaie 4267 10 1.0 10 1.0
Kogenate Bayer 378 11 (0.2-45) 94 1.2 (0.3-5.4) 79 1.5 (0.3-6.5) 60 1.6 (0.3-7.3) 55
Recombinate 1639 1.1 (05-2.3) 75 1.0 (05-2.1) 99 1.4 (0.6-3.1) .39 1.2 (0.5-2.7) .70
Refacto 2209 1.4 (0.8-2.6) 24 1.6 (0.9-3.2) 14 1.5 (0.7-3.0) .30 1.4 (0.6-3.1) .38

N= 316 patients, 23 different pd FVllls, 4 different rFVIII
Some switched product during time reviewed — no affect on inhibitor risk

Gouw et al Blood (2007 ) 109, 4693-4697

SYDNEY The Sydney Children’s

d-lc ] 4 —=
Chlld}”en S + @ﬁIOI.SiDI'IiFELS = Hospitals Nefwork

hospltal at Westmead R AN D Wi K] s dicE Al besmens

Systematic review of inhibitors on
PUPS treated with pdFVIIl or rFVIII

Table 1 Inhibitor development rates (per cent) in relation to factor VI source

Main analysis

Plasma-derived FVIIT Recombinant FVIN P value (pdFVIT vs, (FVII)

Event rate (95% CI) Event rate (95% CI) (Cohran Q)

All studies 14.3 (104-194) 274(23.6-31.5) < 0,001

N= 2113 pts from 24 studies
1170 treated with pdFVill
943 treated with rFVIII

lorio et al Journal of thrombosis and haemostasis (2010) 8 1256- 65
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Risk ratios for High Titre Inhibitors

6 studies with parallel cohorts

A Relative risk meta-analysis plot (random effects)

Goudemand 2006 ; 3.12 (1.01, 9.97)
Escuriola Ettingshausen 2006—.—;7 1.31 (0.67, 2.58)
Chalmers 2007 + 1.563 (0.83, 2.86)
Gouw 2007 I - 1.55 (0.96, 2.53)
;
Strauss 2008 ‘FI* 2.37 (1.16, 4.61)
I
Bidlingmaier 2009 + 1.62 (0.86, 3.00)
Combined (random) é* 1.67 (1.28, 2.18)
0.5 E "2 5 10

Relative risk (95% confidence interval)

lorio et al Journal of thrombosis and haemostasis (2010) 8: 1256- 65
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BDD v’s FL-rFVIII Meta-analysis

3012 PTPs in 29 studies

High Ther Inhisners (> § BUY
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BDD v’s FL-rFVIII Meta-analysis

Table 2 Univariate Cox regression®

Variahle All imhibitors High-titer inhibitors

HR(CT) o HER(CT) P
BOD-FVI exposare T26(2.12-24.50 00l6 108 2.17-53.7) L0037
Group size! 2HF 041500 0.30 401 a1-414) 023
Time period reported® 159 {0.30-6.48) 051 171 40.58-23.60 017
Prior ED cutoff for PTPS? 165 {0.45-6.100 0.45 186 {0.40-9.75) 041
Surgery** 108 {0.19-46.3) 043 —H —
Prophylaxis* LI7T{0.26-5.260 084 0,34 {0.03-3.63) 038
Hemophilia severity®® 145 {0.38-5.54) 0.58 121 40.25-5.91) 0El
Time on study™ 1B {0.44-7 38y 0.42 1.050.64-14.5) 0.16
Stwdy completion rate*** 2.300.56-9.43) 0.27 274 0.57-13.00 0.28
* All included data used in analysis of each variable with no exclusions. Cox models inchade study as a
random effect.

TROM-rFVIN eomnared with FIL-FW T as the refarence cateenry

Aledort et al ) Thrombosis and haemostasis 2011
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Risk when switching products

CANAL study
N= 104 PUPs
switch after median 5ED 40+
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Gouw et al Blood (2007 ) 109, 4693-4697

the e’ + @ﬁﬁ%'g:%' ¢ TheSydney cuikdrens
-— i N

childy€n’s OSPITAL Hospitals Nefuwerk

hospltal at Westmead (R WD wic] (Randuick and wesfmead)

26/10/2011

13



Conclusions

* Genetic Risk Factors — particularly gene
mutation is important

* Environmental/treatment related factors play
a role — but evidence questionable

* Need for more data preferably from large
randomised studies with sufficient power to
answer the questions
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