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Abstract

The devel opment of anti-factor V111 and anti-factor I X allo-antibodiesin hae-

mophilia A and B, respectively, remains a serious complication of treatment for
these two X-linked haemostatic disorders, with major clinical and economic con-
sequences. Treatment of this potentially fatal complication remains one of the
greatest challenges facing haematol ogists at the beginning of the 21st century.
Immunetoleranceinduction (ITI) therapy hasbeen generally accepted asthe best
available treatment, extinguishing the inhibitor and permitting a resumption of
standard dosing schedules. Although there have been several established proto-
colsfor ITI therapy developed over the last quarter century, the optimal scheme
in terms of safety, clinical efficacy and pharmacoeconomic considerations has

yet to be determined.

Allo-inhibitorsto factor VI11 (FVI1II) and factor
IX (FIX) in patients with haemophilia A and B,
respectively, are a major complication of replace-
ment therapy. I nhibitorsareimmunoglobulin (1g)G
antibodies formed against specific epitopes of the
FVII1 or FIX molecule, and may neutralisethe pro-
coagulant properties or reduce the recovery and
half-lifeof infused FV 111 or FIX. Patientswith high
titre inhibitors are refractory to replacement ther-
apy and at risk of severe uncontrollable bleeding
with associated morbidity and mortality. FVIII auto-
antibodies in patients with ‘acquired’ haemophilia
Al occur de novo or secondary to autoimmune
disease, pregnancy and lymphoid malignancies,
and are extremely rare. FVII1 allo-inhibitors in hae-
mophiliaA form thefocus of thisreview, since FIX
allo-inhibitors in patients with haemophilia B are
relatively uncommon (incidence 1.5to 3% overall).[2

1. Epidemiology

Kreuz et al.l3! recently reviewed the epidemiol-

ogy of inhibitors in patients with haemophilia A
and described an overall prevalence of 7 to 18%
according to population and study design, with an
overall incidence of 18.4 to 28%. Not surprisingly,
the incidence was highest in patients with severe
haemophilia A [FVIII coagulant activity (FVIIIc)
<2%]. However, inhibitors were not uncommon in
patients with moderate (FVIlIc 2 to 5%) and mild
(FVIlic >5%) disease. Inhibitorstypically develop
in patients with mild/moderate haemophilia A fol-
lowing intensereplacement therapy and areusually
of low titre, but they may be problematic as they
neutraliseendogenousFVI11. Theprevalenceof in-
hibitors in these patients is thought to be between
3and 13%,[4-¢1 with an annual incidence of 0.84 per
1000 patients per year.[”]

Lusher et al.l1 reported a total incidence of
19.7% in previously untreated patients (PUPS),
with incidences of 28.5, 13.3 and 0% in patients
with severe, moderate and mild haemophilia A,
respectively, receiving recombinant FVI11 (Kogen-
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ate®).1 Morerecently, Rothschild et al 18] described
an inhibitor incidence of 28% in PUPs with severe
haemophilia A receiving recombinant FVIIl (Re-
combinate®), mostly appearing within 25 cumula-
tive exposure days. However, inhibitors have been
detected as early as 10 to 13 days following birth
and exposure to exogenous FVIII1.I¥ The use of
moroctocog alfa (B domain deleted recombinant
FVII1) appears to be associated with an incidence
of approximately 30%.19 In severe haemophilia,
the recent introduction of routine prophylaxis in
children and increased surveillance has resulted in
ademographic shift of inhibitorsto ayounger pop-
ulation of patients, with implications for clinical
management and the interpretation of data with
studies using historical comparisons.[11]

There have been severa studies attempting to
identify risk factors for inhibitor development.
Large deletions, honsense mutations or inversions
(e.0. IVS22inversion) arethe most frequent FVI11
gene mutations in patients with inhibitors.2 VS
22 inversion in severe haemophilia A has been
identified as a significant risk factor in some stud-
ied”.13.14] put not others.[1516] |n moderate and mild
haemophilia, mutations affecting the A2 and C2
domains appear to be common in patients with in-
hibitors, although mutations affecting the A1, A3
and C1 domains have also been reported.[”]

Evidence for a genetic predisposition to inhibi-
tor formation is apparent. Family studies demon-
strate that the incidence of inhibitor development
in siblings with haemophilia and members of the
extended family is approximately 50 and 11%, re-
spectively.[17] Both concordance and discordance
for inhibitor development between monozygotic
twins have been described.[1819 Ethnic variationis
apparent,[1”1 and although no strong HLA-linkage
has been identified, several studies suggest associ-
ations. In patients with severe haemophilia with
IVS22inversion, thehaplotypesHLA-A3,B7, C7,
DQBO0602, DR15 demonstrate a weak correlation
with inhibitor development.29! This finding was

1 Kogenate®; Recombinate®. Use of a trade name is for
product identification purposes only, and does not imply
endorsement.
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confirmed, and DRB1*1501, DQA1*0102 and
DQB1*0602 was also identified as a conserved
haplotype in 36% of patients with inhibitors.[21!

The association of inhibitors with exposure to
specific products is attributed to enhanced antige-
nicity related to changesin the tertiary or quarten-
ary structure of the FV 111 molecule, and to possible
exposure of cryptic antigenic sites usually hidden
by binding with von Willebrands factor.[22l Mini-
epidemics of inhibitors have been ascribed to use
of specific batches of plasma-derived FVIII sub-
jected to certain manufacturing processes for puri-
fication or viral inactivation.[?3241 However, the
apparent increased risk associated with recombi-
nant FV1I1 is controversial,[2% and possibly due to
increased surveillance with identification of pre-
viously undetected transient inhibitors.

2. Immunology

The main epitopes recognised by FVII1-inhibi-
tory antibodies lie within the A2, C2 and A3 do-
mains of the FVIII molecule. Multiple antibodies
may coexist, with differing and additive functional
effects.[2627] Antibodiestothe A2 domainblock the
FX-activating function of FVI11,[28 anti-C2 anti-
bodies block FVIlla-phospholipid and possibly
FVIlI-von Willebrand factor (VWF) binding,!2*!
and anti-A3 antibodies may interfere with FIX
binding.[3%

Theimmuneresponseto FVII1isT cell-depend-
ent, involving specific T cell receptor (TCR) bind-
ing of major histocompatibility complex (MHC)-
restricted antigen and B cell synthesis of 1gG-4
antibody. The 1gG-4 subclass constitutes part of a
Ty2 response, mediated by interleukin (1L)-4, IL-5
and IL-10, which promote 1gG isotype switch and
augment the immune response. 31

Imbalance of Ty1/Ty2 activity may underlie
aberrant immune responses, including autoim-
munedisease.[32 Although the precise mechanisms
involved in the development of inhibitors are not
known, it is thought that specific modulation of
T cell responses to delete or suppress antigen-
specific T cells promoting antibody production
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may achieve immune tolerancein patients with in-
hibitors.[33:34]

3. Recognising an Inhibitor

Clinical events may arouse suspicion of inhibi-
tor development, or inhibitorsmay initially beclin-
icaly silent. Inhibitory antibody is routinely de-
tected by an inhibitor screen for atime-dependent
antibody and then quantified by Bethesda assay.
One Bethesda unit (BU) is the amount of inhibitor
which inactivates 50% of 1 unit of added FVIII in
2 hours at 37°C.I3% Immunoassays including im-
munoblotting?8 and radio-immunoprecipitation(2
demonstrate FV111-binding antibodies which may
shorten the FVIII elimination half-life (ty.g) by
immune complex formation and clearance.[?1.3¢]
Pharmacokinetic studies measure FVIII recovery
and ty,g, and both may be reduced despite absence
of FVIII neutralising activity detectable by Bethesda
assay.

Patientswith FVIII inhibitorsare arbitrarily de-
fined according to the maximum inhibitor titre;
lessthan 10BU and greater than 10BU correspond-
ing to ‘low’ and ‘high’ responders, respectively.
High responders usually demonstrate a strong an-
amnestic response following repeated challenge
with FVIII. Transient inhibitors which persist for
less than 3 months with ‘on demand’ treatment(?]
are typically of low titre and do not require I TI.

Since most inhibitors develop during the first
early exposures to FVIII, patients at high risk are
young PUPs commencing prophylaxis.[37 Surveil-
lance for inhibitors is recommended at 3-monthly
intervalsor following treatment up to the age of 10
years and yearly thereafter. Inhibitor screening is
also undertaken preoperatively, following change
of replacement product or failureto respond to pre-
viously effective dosages of FVI1I1.[38 However,
this strategy does not include routine testing for
noninhibitory antibodies. At our institution, pa-
tients who have previously had inhibitors and pa-
tients on prophylactic replacement therapy un-
dergo yearly FVIII half-life and recovery studies,
which also assist in developing optimal admin-
istration regimens based on objective pharmaco-
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kinetic data. If an inhibitor is detected, then FVI1II
replacement should cease immediately pending
full evaluation and the development of an indi-
vidualised management plan. Standard practicein
our institution is to defer the start of ITI until the
inhibitor titre has reached a nadir, preferably less
than 5 BU/ml.[21]

4. Haemostatic Support for Patients
with Inhibitors

Optimal management should ideally be super-
vised by a comprehensive care haemophilia centre
with theinfrastructure and expertiseto monitor and
treat this complication.[39

Arresting significant haemorrhage in the pres-
ence of an inhibitor may be problematic and con-
ventional prophylaxis is impossible. In low re-
sponders, highdose FV 111 on demand may overcome
inhibitory antibody by antigen excess. However,
anamnesti ¢ responses may compromise the useful -
ness of this strategy. Porcine FVI1II has been suc-
cessful in alimited group of patients with inhibi-
torswhich do not crossreact, as prophylaxis,[49 for
induction of immune tolerancel142l and for on de-
mand therapy.[4043 However, restricted availability,
concerns over possible porcine virus transmission
and induction of anti-porcine FVIII antibodies
have tempered enthusiasm for this approach.

Currently, activated Prothrombin Complex Con-
centrates (aPCCs) and recombinant activated fac-
tor VII (rV1la) (e.g. eptacog alfa) which bypass
FVIII inhibition are the agents of choice for on
demand therapy. However, anamnestic responses
toresidual FVI1I1 and FIX in aPCCd44 and anaphy-
laxis to residual FIX in patients with haemophilia
B have been reported.[*?] These alternative haemo-
static modalities are all less effective and predict-
able in achieving haemostasis compared with
FVIII or FIX replacement in the absence of anin-
hibitor and, therefore, 1Tl is currently regarded as
optimal therapy, allowing effective reintroduction
of replacement factor at standard doses.

Drugs 2000 Sep:; 60 (3)
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5. Immune Tolerance Induction
(ITl) Therapy

The serendipitousdiscovery of the phenomenon
of immune tolerance to FVIII by Brackmann and
Gormsen in 1974!48] |ed to development of various
protocols entailing continuous exposure to FVIII
or FIX. Exposure to antigen at either high or low
dose may induce tolerance by different mecha-
nisms. Experimentally, high dose antigen induces
apoptosis or anergy of antigen-specific T cells,
whereas |ow dose antigen induces antigen-specific
regulatory CD4+ Ty2 cells which suppress anti-
body production nonspecifically.[3447.48]

ITI protocols are designed to extinguish the
inhibitor and ideally restore normal replacement
FVII1 kinetics. Immunosuppressive and immuno-
modulatory modalities have been integrated into
some protocols. Intravenous immunoglobulin ex-
erts an immunomodulatory effect, possibly by an
anti-idiotype mechanism,[4950 negative feedback
on immunoglobulin production and also replaces
physiological immunoglobulins removed by im-
munoadsorption. Direct immunosuppression may
be achieved with cyclophosphamide; corticoste-
roids have not been demonstrated to yield any ad-
ditional benefit to cyclophosphamide in patients
with congenital haemophilia.l5!

Objective assessment of theresponsetoindivid-
ual regimensentails measurement of valuesinclud-
ing the inhibitor titre (Bethesda), FVI1II recovery,
ty,g and abolition of the anamnestic response to a
FVIII challenge.l5? Specific criteria may vary be-
tween centres, but success should be defined prac-
tically as a negative Bethesda assay and normal
FVIII tyg that permits standard administration
schedules.

It is generally recognised that high dose proto-
cols are more successful, particularly in high re-
sponders, and overall success correlateswith FV1I1
dosage.l3354 Although initial high titres of inhibi-
tory antibody may be reduced by adsorption using
staphylococcal protein A columns in an extracor-
poreal circuit,®® even in children as small as
17kg,!58! the ability of this technique to improve

0 Adis International Limited. All rights reserved.

ITI outcome independently of immunomodul atory
therapy has not been properly assessed.

Generally, young patients, low responders and
patientswith low inhibitor titresbefore commence-
ment of ITI have the highest success rates.[53
Utilisation of high doses of FVIII and absence of
interruptions in therapy also improve success;
chronicity of theinhibitor does not appear to affect
response.[37]

International registry datademonstratesthat tol-
erance is long lasting; only 1 of 107 patients has
relapsed after 4 years, and the median inhibitor-
free duration was 5 years (1 to 16.4 years).[53

5.1 High Dose Regimens

The ‘Bonn’ protocol devised by Brackmann et
al.I571 employs high dose FV111 to induce tolerance
(table 1). Once normal FVIII recovery and ty,g is
achieved, prophylactic schedules are commenced,
but some patients revert to on demand therapy
(1999, Brackmann H, personal communication). A
recent update presented datafrom 22 high respond-
ers, 7 months mean duration of therapy was re-
quired to attain an inhibitor titre of <1 BU/ml and
normalisation of pharmacokinetic values, and amean
of 15 monthsto completethe procedure. Mean FV 111
and aPCC utilisation (for haemostatic support) was
2.6 x 106 and 1.8 x 10° units per patient, respec-
tively.[57

The Malmo treatment model,[% a high dose
regimen with immunomodulatory and immuno-
suppressive componentsinitially describedin 1988
(seetablell), hasalso been successful inI Tl of FIX

Table I. ‘Bonn Protocol’: high dose immune tolerance induction
regimenl®7]

FVIII 100-150 1U/kg twice daily until inhibitor is undetectable;
recovery and modified ti,g normal, on 3 occasions over a 6- to
8-week period

Dose reduction by 10% every 2-4 weeks

Final tolerance evaluation: washout period of 2-3 days, then
assessment of recovery and tiy,p maintained with prophylaxis or
on demand treatment

(Activated prothrombin complex concentrates used if haemostatic
support is required)

FVIII = factor VIII.
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Table Il. Malmé treatment model: high dose immunomodulatory
immune tolerance induction regimen(®%]

Treatment Time
Extracorporeal immune adsorption Days 1 and 2
Cyclophosphamide 12-15 mg/kg IV Days 1 and 2

Cyclophosphamide 2-3 mg/kg po once Starting day 3, for 8-10
daily days

FVIII to achieve initial FVIlic of 40-100 Day 3 onwards, until
U/dl, then 8- to 12-hourly to maintain inhibitor undetectable
FVlilc at 30-80 U/dl

IV Ig 0.4g kg/day Days 4-8
FVIII 30 U/kg/day 2-3 days/week When inhibitor
undetectable

FVIII = factor VIII; FVIlic = FVIII coagulant activity; Ig = immuno-
globulin; IV = intravenous; po = orally.

inhibitors. Up until 1996, 20 adult and paediatric
patients received treatment (13 haemophilia A and
7 haemophilia B), with an overall success rate of
80%. The mean time to success was 28 days; this
rapid response was attributed to minimisation of
both inhibitor synthetic rate and concentration at
the outset, and maintenance of high FVII1/FIX lev-
elsthroughout therapy.!58 The use of prednisolone
in place of cyclophosphamide has not been as
effective (1999, Berntorp E, personal communica-
tion).

We recently reported successful results of a 3-
phase ITI regimen using recombinant FVIII in 11
children (median age 2 years) with severe haemo-
philia A and high titre inhibitors (see table 111).[21
The median duration of phases 1 and 2 were 6
(range 4 to 12) and 14 (range 8 to 120) weeks,
respectively. Phase 2 commenced when neutralis-
ing antibody was undetectable by Bethesda assay.
Phase 3 commenced when FV 111 ty,g of greater than
5 to 6 hours was documented, and essentially rep-
resented adoption of a ‘low dose’ regimen. The
Haemophilia Reference Centre, London and oth-
erd38l have shown convincingly that immune tol-
erance continues to evolve during phase 3, with
improvementsin ty,g Phase 3 may also be viewed
asaresumption of prophylactic therapy to prevent
spontaneous haemorrhage. In adults, asimilar dose
reducing protocol has been utilised, but with extra-
corporeal immunoadsorption and intravenous im-
munoglobulins at commencement.

0 Adis International Limited. All rights reserved.

Thereisno doubt that I TI therapy is expensive,
particularly when high FV 111 dosages are used, and
there has been historical concern about transfusion
of large quantities of human protein in intermedi-
ate purity concentrates which may exert an immu-
nomodulatory effect.[59.6% |n responseto this, sev-
eral groups have used intermediate or low dose
FVIII regimens to achieve immunological toler-
ance.

5.2 Low Dose Regimens

The Van Creveld model(61:62 yses a low dose
schedule of 25 U/kg FVII1 on alternate days, with
reduction when the FVI11 recovery exceeds 30%,
until prophylactic doses of 10to 15 U/kg 3timesa
week are attained. The overall success rate was ap-
proximately 87%, and 100% in patients with an
inhibitor titre less than 40BU compared with 75%
in patients with a titre greater than 40BU. Toler-
ance was attained within amedian of 1 year (range
0.5 to 28 months); 6 and 19 months for patients
with maximum titres of lessthan 40BU and greater
than 40BU, respectively. Theduration of treatment
was directly proportional to the maximum Bethesda
titreand inversely proportional to the age at inhib-
itor development.[61]

5.3 Factor IX Inhibitors

Although ITI schedules may be effective for
FIX inhibitors, experience with them is limited.
There have been recent reports of nephrotic syn-
drome developing after therapy in patients with
high-titre inhibitors, which has thus far not been
reported in patientswith haemophiliaA.[263 Aller-

Table Ill. Three-phase progressive dose-reducing immune toler-
ance induction regimenl2!!

Phase 1: FVIIl 200 IU/kg/day

Phase 2: FVIII 100 IU/kg/day, when Bethesda? < 1 BU/ml

Phase 3: prophylactic FVIII 50 IU/kg 3 times per week, when
FVIII elimination ty,g > 5-6 hours

Bethesda = assay to quantify inhibitory antibody - 1 Bethesda unit
(BU) is the amount of inhibitor that inactivates 50% of 1 unit of added
FVIIl in 2h at 37°C; FVIII = factor VIII.

Drugs 2000 Sep:; 60 (3)
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gic reactions to both FIX[* and FVI1I164 have
been reported.

5.4 Supportive Measures During [T

Achieving effective haemostasis in patients
with inhibitors who haemorrhage during ITI may
be an added challenge. In general, management
involves the use of either aPCCsor rV11a,%® asin
patientswho are not undergoing I T1. Venousaccess
may prove difficult in any ITI regimen, and fully
implanted central venous access devices should be
considered. In addition, high flow rate dual lumen
dialysis catheters may be required for venous ac-
cess during extracorporeal immunoadsorption. In
our experience, both of these may be inserted
safely with appropriate haemostatic support.

5.5 Failure of [Tl

Failure is difficult to define, with published
studies utilising different criteria for success. Fur-
thermore, the duration of 1Tl on high and low dose
regimens will differ. In general an ITI regimen
could be deemed to have failed based on objective
investigations after 18 to 24 months of uninter-
rupted therapy. However, subjectiveimprovements
in haemorrhagic symptoms despite subnormal re-
covery or tyg should be considered in assessing
‘failure’.

5.6 Economics

Few studies address the economics of inhibitor
management in patients with haemophiliaand long
term (>5 years), prospective, case-controlled stud-
ies are required to resolve ITI versus supportive
treatment cost-benefit analysis.[®8l The potential
long term benefits of success may justify high short
and medium term costs, and each case has to be
assessed individually. It is estimated that for pa-
tients who have not been tolerised, high responder
patients the cost of hospital treatment and factor
replacement differs 10-fold from the low responder
or patients without inhibitors.[67] Apart from quan-
tifiable financial costs of factor usage and hospital
admission, the quality of life, orthopaedic out-

0 Adis International Limited. All rights reserved.

comes, analgesi ¢ dependency and psychosocial ad-
aptation warrant consideration in comparative
costing of radical or conservative strategiesin pa-
tients with inhibitors. Undertaking ITI requires a
high degree of commitment from the patient and
family, and compliance has an influence on out-
come.

6. The Future

It has been more than 25 years since ITI was
initially performed, and there are still numerous
unanswered questions. Evidently different ap-
proaches are effective in eradicating inhibitors and
the optimal ITI programme has yet to be defined.
ITI has thus far not been amenable to rigorously
controlled, prospective, randomised clinica trials
because of therelatively small numbers of patients
involved. ITI should be centralised nationally or
regionally to allow for the accumulation of experi-
ence and expertise in the setting of formal pro-
spective studies. Therole, if any, of aternativeim-
munosuppressive agents such as cyclosporin and
tacrolimus has not been formally assessed. Modu-
lation of immunoglobulin production via CD40
through its ligand CD40L[%8! js an exciting possi-
bility. Evolving recombinant technology has facil-
itated the synthesis of engineered FVIII or FIX
molecules with substitution of porcine sequences
at key human FVIII antigenic sites.[¥ Another
theoretical approach involves the use of key pep-
tides from the FVIII molecule to induce tolerance
in high risk patients.[32

Although rare, the impact of inhibitors is phe-
nomenal, with major repercussions both for the pa-
tients and for the funding of their management. It
is therefore essential to determine the optimal ap-
proach to the assessment and therapy of thisiatro-
genic complication.

References

1. Pruthi RK, Nichols WL. Autoimmune factor VIII inhibitors.
Curr Opin Hematol 1999; 6: 314-22

2. Ewenstein BM, Takemoto C, Warrier |, et al. Nephrotic syn-
drome as a complication of immune tolerance in hemophilia
B. Blood 1997; 89 (3): 1115-6

3. Kreuz W, Becker S, Lenz E, et a. Factor VIII inhibitors in
patients with hemophilia A: epidemiology of inhibitor devel-

Drugs 2000 Sep:; 60 (3)



Immune Tolerance Therapy for Haemophilia

553

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

opment and induction of immune tolerance for factor VIII.
Semin Thromb Hemost 1995; 21 (4): 382-9

. Lusher IM, Arkin S, Abildgaard CF, et al. Recombinant factor

VIII for the treatment of previously untreated patients with
haemophiliaA. N Engl JMed 1993; 328: 453-9

. Sultan Y, French Haemophilia Study Group. Prevalence of in-

hibitors in a population of 3435 haemophilia patients in
France. Thromb Haemost 1992; 67: 600-2

. RizzaCR, Spooner RGD. Treatment of haemophiliaand related

disorders in Britain and Northern Ireland during 1976-80:
report on behalf of the Directors of Haemophilia Centres in
the UK. BMJ 1983; 286: 929-32

. Hay CR. Factor VIII inhibitors in mild and moderate-severity

haemophilia A. Haemophilia 1998 Jul; 4 (4): 558-63

. Rothschild C, Laurian Y, Satre EP, et al. French previously un-

treated patients with severe hemophilia A after exposure to
recombinant factor V111: incidence of inhibitor and evaluation
of immune tolerance. Thromb Haemost 1998; 80: 779-83

. Haya S, Lorenzo JI, Dasi MA, et a. Development of a factor

VIl inhibitor in anewborn haemophiliac. Haemophilia 1998
Sep; 4 (5): 755-6

Lusher JM, Spira J, Rodriguez D, et a. A four-year update of
safety and efficacy of an albumin-free formulated, B-domain
deleted factor V111 (BBDrFVIII; r-VII1SQ) in previously un-
treated severe haemophilia A patients [abstract]. Thromb
Haemost 1999; Aug Suppl.: 472

Lusher J, Mariani G. Protocols, dosages and clinical aspects of
immune tolerance. Vox Sang 1996; 70 Suppl. 1: 60-5

Tuddenham EGD, Schwaab R, Seehafer J, et al. Haemophilia
A database of nucleotide substitutions, deletions, insertions
and re-arrangements of the factor VI1I gene, second edition.
Nucleic Acids Res 1994; 22 (22): 4851-68

Tizzano EF, Altisent C, Domenech M, et a. Inhibitor develop-
ment in haemophilia A patients with inversion of the intron
22 of thefactor V11 gene. Thromb Haemost 1996; 76: 124-8

Schwaab R, Brackmann HH, Meyer C, et al. Haemophilia A:
mutation type determinesrisk of inhibitor formation. Thromb
Haemost 1995; 74: 1402-6

Antonarkis SE, Rossiter JP, Young M, et a. Factor VIII gene
inversionsin severe hemophilia A: results of an international
consortium study. Blood 1994; 86: 2206-12

Millar DS, Kakkar VV, Cooper DN. Screening for inversions
in the factor VII1 (F8) gene causing severe haemophilia A.
Blood Coagul Fibrinolysis 1994; 5: 239-42

Gill JC. The role of genetics in inhibitor formation. Thromb
Haemost 1999; 82 (2): 500-4

Shapiro SS. Genetic predisposition to inhibitor formation. Prog
Clin Biol Res 1984; 150: 45-55

European Study Group of Factor V111 Antibody. Development
of factor V11 antibody in haemophiliac monozygotic twins.
J Scand Haematol 1979; 23: 64-8

Oldenburg J, Picard J, Scwaab R, et a. HLA genotypes of pa-
tients with severe haemophilia A due to intron 22 inversion
with and without inhibitors of factor VII1. Thromb Haemost
1997, 77: 238-42

Smith MP, Spence KJ, WatersEL, et a. Immunetolerance ther-
apy for haemophilia A patients with acquired factor VIII al-
loantibodies: comprehensive analysis of experience at a
single ingtitute. Thromb Haemost 1999 Jan; 81 (1): 35-8

Yee TT, Williams MD, Hill FGH, et a. Absence of inhibitors
in previously untreated patients with severe haemophilia A
after exposure to a single intermediate purity product.
Thromb Haemost 1997; 78: 1027-9

0 Adis International Limited. All rights reserved.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Peerlinck K, Arnout J, DiGiambattista M, et a. Factor VIII
inhibitorsin previously treated haemophilia A patientswith a
double virus-inactivated plasma derived factor V111 concen-
trate. Thromb Haemost 1997 Jan; 77 (1): 80-6

Zanon E, Zerbinati P, Girolami B, et a. Frequent but low titre
factor V111 inhibitors in haemophilia A patients treated with
high purity concentrates. Blood Coagul Fibrinolysis 1999
Apr; 10 (3): 117-20

DiMichele D, Rothschild C, Sultan Y, et a. Multicentre com-
parisons of inhibitor development on plasma-derived vs re-
combinant factor VIII in severe haemophilia A patients
[abstract]. Blood 1999; 94 (10 Suppl. 1): 2389

Scandella D. Human anti-factor VIII antibodies: epitope
localisation and inhibitory function. Vox Sang 1996; 70
Suppl. 1: 9-14

Prescott R, Makai H, Saenko E, et a. The inhibitor antibody
response is more complex in hemophilia A patients than in
most non-hemophiliacs with factor VIII autoantibodies.
Blood 1997; 89 (10): 3663-71

Lollar P, Parker ET, Curtis JE, et al. Inhibition of factor VIlla
by human anti-A2 subunit antibodies. J Clin Invest 1994; 93:
2497-504

Arai M, ScandellaD, Hoyer LW. Molecular basis of factor V11
inhibition by human antibodies: antibodies that bind to the
factor VI1II light chain prevent the interaction of factor VII1
with phospholipid. J Clin Invest 1989; 83: 1978-84

Lenting PJ, van de Loo JW, Donath MJ, et al. The sequence
Glul811-Lys1818 of human blood coagulation factor VIII
comprises abinding sitefor activated factor 1X. JBiol Chem
1996; 271 (4): 1935-40

Schultz CI, Coffman RL. Control of isotype switching by T
cells and cytokines. Curr Opin Immunol 1991; 3: 350-4

Redding MT, Wu H, Krampf M, et al. CD4+ T cell response to
factor V11 in hemophiliaA, acquired hemophiliaand healthy
subjects. Thromb Haemost 1999; 82 (2): 509-15

Nossal G. Choicesfollowing antigen entry: antibody formation
or immunologica tolerance? Ann Rev Immunol 1995; 13:
1-27

Chen Y, Inobe J, Marks R, et a. Peripheral deletion of antigen
reactive T cellsin oral tolerance. Nature 1995; 376: 177-80

Kasper CK, Aledort LM, Aronron D et a. A more uniform
measurement of factor VIII inhibitors. Thromb Diath
Haemorrh 1975; 34: 612

Dazzi F, Tison T, Vianello P, et a. High incidence of anti-FV 111
antibodies against non-coagulant epitopes in haemophilia A
patients: a possible role for the half-life of transfused FVIII.
Br JHaematol 1996; 93: 688-93

Ehrenforth S, Kruez W, Scharrer 1, et al. Incidence of develop-
ment of factor V111 and factor IX inhibitorsin haemophiliacs.
Lancet 1992 Mar; 339 (8793): 594-8

Hay CR, Colvin BT, Ludlam CA, et a. Recommendations for
the treatment of factor VIII inhibitors from the UK Haemo-
philia Centre Directors' Organisation Inhibitor Working
Party. Blood Coagul Fibrinolysis 1996 Mar; 7 (2): 134-8

NHS Management Executive. Provision of haemophilia treat-
ment and care. Health Service Guidelines HSG (93) 30. UK:
BAPS Health Publications Unit, Crown Copyright, 1993

Hay CR, Lozier JN, Lee CA, et a. Safety profile of porcine
factor VI1II and its use as hospital and home therapy for pa-
tients with haemophilia A and inhibitors: the results of an
international survey. Thromb Haemost 1996 Jan; 75 (1): 25-9

Hay CR, Laurian Y, Verroust F, et a. Induction of immune
tolerancein patients with hemophilia A and inhibitors treated

Drugs 2000 Sep:; 60 (3)



554

Hoetal.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

with porcine VIlic by home therapy. Blood 1990 Sep; 76 (5):
882-6

Hay CR, Laurian Y. Induction of tolerance using porcine factor
VI1II. Vox Sang 1996; 70 Suppl. 1: 68-9

White GC, Roberts HR. Thetreatment of factor V111 inhibitors:
ageneral overview. Vox Sang 1996; 70 Suppl. 1: 19-23

. Kasper CK, Feinstein DI. Rising factor V111 inhibitor titres after

Konyne factor IX complex [letter]. N Engl JMed 1976; 295:
505-6

Warrier |. Management of haemophilia B patients with inhibi-
tors and anaphylaxis. Haemophilia 1998 Jul; 4 (4): 574-6

Brackmann HH, Gormsen J. Massive factor VIII infusion in a
haemophiliacwith factor V11 inhibitor, high response][letter].
Lancet 1977; 11: 933

Weiner H, Friedman A, Miller A, et a. Oral tolerance: immu-
nological mechanisms and treatment of animal and human
organ-specific autoimmune diseases by oral administration of
autoantigens. Ann Rev Immunol 1994; 12: 809-37

Freidman A, Weiner HL. Induction of anergy or active suppres-
sion following oral tolerance is determine by antigen dose.
Proc Natl Acad Sci U SA 1994; 91: 6688-92

Sultan Y, Kazachkine MD, Maisonneuve P, et al. Anti-idiotypic
suppression of autoantibodiesto factor V111 (anti-haemophil-
iac factor) by high-dose intravenous gammaglobulin. Lancet
1984; I1: 765-8

Frommel D. Anti-idiotype suppression of antibodies to factor
Vlllic [letter]. Lancet 1984 Nov; 2 (8413): 1210-1

Mariani G, Schiebel E, Nogao T, et al. Immune tolerance as
treatment of alloantibodies to factor V111 in hemophilia. The
International Registry of Immunetolerance Protocols. Semin
Hematol 1994 Apr; 31 (2 Suppl. 4): 62-4

Nilsson IM. The management of hemophilia patients with in-
hibitors. Transfus Med Rev 1992 Oct; 6 (4): 285-93

Mariani G, Ghirardini A, Bellocco R. Immunetolerancein hae-
mophilia: principa results from the internationa registry.
Thromb Haemost 1994; 72 (1): 155-8

Mariani G, Hilgartner M, Thompson AR, et a. Immune toler-
ance to factor VIII: the international registry data. Adv Exp
Med Biol 1995; 386: 201-8

Nilsson IM, Berntorp E, Zettervall O. Induction of immunetol-
erance in patients with hemophilia and antibodies to factor
V111 by combined treatment with intravenous|gG, cyclophos-
phamide and factor VIII. N Engl JMed 1988 Apr; 318 (15):
947-50

Freiburghaus C, Berntorp E, Ekman M, et al. Immunoadsorp-
tion for the removal of inhibitors: update on treatments in

0 Adis International Limited. All rights reserved.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Malmé-L und between 1980 and 1995. Haemophilia1998 Jan;
4(1): 16-20

Brackmann HH, Oldenburg J, Schwaab R. Immune tolerance
for the treatment of factor VIII inhibitors: twenty years‘Bonn
protocol’. Vox Sang 1996; 70 Suppl. 1: 30-5

Berntorp E, Nilsson IM. Immune tolerance and the immune
modulation protocol. Vox Sang 1996; 70 Suppl. 1: 36-41

Roberts HR. Induction of immune tolerance to factor VIII: a
pleafor caution [editorial]. JAMA 1988 Jan; 259 (1): 84-5

Vermylen J. How do some haemophiliacs develop inhibitors?
Haemophilia 1998 Jul; 4 (4): 538-42

Mauser-Bunschoten EP, Roosendaal G, van den Berg HM. Low
dose immune tol erance therapy. Vox Sang 1996; 70 Suppl. 1:
66-7

Mauser-Bunschoten EP, Nieuwenhuis HK, Roosendaal G, et al.
L ow-dose immune tolerance induction in haemophilia A pa-
tients with inhibitors. Blood 1995; 86: 983-8

Lenk H, Bierback H, Schille R. Inhibitor to factor | X in haemo-
philiaB and nephrotic syndromein the course of I T treatment
[abstract]. Haemophilia 1996; 2 Suppl.: 104

Harper JL, Gill JC, Hopp RJ, et al. Induction of immune toler-
ancein a7 year old hemophilic with an anaphylactoid inhib-
itor. Thromb Haemost 1995 Oct; 74 (4): 1039-41

Petrini P, Klementz G. Treatment of acute bleeds with recombi-
nant activated factor VIl during immune tolerance therapy.
Blood Coagul Fibrinolysis 1998 Mar; 9 Suppl. 1: S143-6

Kessler CM, Aledort LM. The economics of immune tolerance
and the treatment of hemophiliacs with inhibitors. Vox Sang
1996; 70 Suppl. 1: 74-6

Goudemand J. Pharmaco-economic aspects of inhibitor treat-
ment. Eur J Haematol 1998; 63 Suppl.: 24-7

Burkly LC. CD40 ligand pathway inhibition: an approach to
costimulatory blockade and immunotherapy [abstract]. He-
mophiliaCarein the New Millennium: an International Sym-
posium in Honour of Harold R. Roberts MD; 1999 Apr 8-10;
Chapel Hill (NC), 14

Lollar P. Characterisation of factor VIII B-cell inhibitory
epitopes. Thromb Haemost 1999; 82 (2): 505-8

Correspondence and offprints: Dr Mark P. Smith, The Hae-
mophilia Reference Centre, St Thomas’ Hospital, London
SE1 7EH, England.

E-mail: mark.smith@gstt.sthames.nhs.uk

Drugs 2000 Sep:; 60 (3)



	Abstract 547
	1. Epidemiology 547
	2. Immunology 548
	3. Recognising an Inhibitor 549
	4. Haemostatic Support for Patients with Inhibitors 549
	5. Immune Tolerance Induction (ITI) Therapy 550
	5.1 High Dose Regimens 550
	5.2 Low Dose Regimens 551
	5.3 Factor IX Inhibitors 551
	5.4 Supportive Measures During ITI 552
	5.5 Failure of ITI 552
	5.6 Economics 552

	6. The Future 552
	References 552
	Correspondence and offprints 554
	E-mail 554

