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Background and Objectives. Long term administra-
tion of high doses of factor VIII (FVIII) was shown to
eliminate alloantibodies to FVIII (FVIII inhibitors).
This procedure is widely referred to as immune tol-
erance (IT).

Design and Methods. In 1989 an international reg-
istry of IT protocols was created which recruited 314
patients with severe hemophilia A (HA) and an
inhibitor who were given IT treatment.

Results. Fifty hemophilia care centers worldwide
contributed data to the registry; 94.8% of the
patients were high responders. The median inhibitor
titer prior to IT (pre-titer) was 7 BU (range 0-720).
The FVIII doses ranged from <50 International Units
(1.U.)7kg/b.w./day to >200. At the end of IT, 140
patients had undetectable inhibitor titers, including
128 who also had normal FVIII kinetics. The remain-
ing 174 patients included 66 with treatment failure,
23 who achieved partial responses, 48 patients in
whom treatment was ongoing and 37 with data
inadequate to evaluate outcome. Using logistic
regression, the best predictive model for success
included maximum inhibitor titer, pre-titer, dose and
age at treatment. FVIIl dose and pre-titer were also
associated with treatment duration, as was the time
between inhibitor detection and treatment. The risk
of relapse was approximately 15% after 15 years of
follow-up.

Interpretation and Conclusions. This study under-
scores the importance of starting IT as early as pos-
sible, at the lowest inhibitor titer and with high FVI-
Il doses in order to maximize the chance of treat-
ment success and minimize treatment costs.
©2001, Ferrata Storti Foundation
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on replacement therapy with FVIII concentrates

prepared from plasma (pdFVIIl) or through
recombinant DNA technology (rFVIII). The majority
of hemophilic patients are immunologically unre-
sponsive to the administration of FVIII, that is they
do not produce antibodies capable of inhibiting the
FVIII procoagulant activity. There is a significant
proportion of patients, however, in whom an
immune response to FVIII mounts, leading to the
production of alloantibodies (inhibitors) directed
against specific epitopes on the FVIII molecule!?
and subsequently to the neutralization of the fac-
tor activity.

In a recent meta-analysis of 451 hemophiliacs
followed prospectively in 8 different countries,® the
average cumulative incidence of FVIII inhibitors,
after exposure to pdFVIII replacement therapy, was
20% (range O to 45%) and in a prospective study
the cumulative prevalence has been estimated to be
as high as 33%.* After much debate, there is now
agreement that the observed incidence of inhibitors
after treatment with rFVIII concentrates is not dif-
ferent from that after treatment with plasma-
derived products.

Today, the appearance of an inhibitor is consid-
ered by far the main complication of replacement
therapy in hemophilia A (HA). What is more, it
seems unlikely that the introduction of gene ther-
apy in the management of HA will change this sit-
uation, so we will have to face this problem for
many years to come. Beyond the various thera-
peutic strategies, the major goal remains suppres-
sion of the inhibitor and restoration of a state of
unresponsiveness to FVIII. At present, this is
achieved by administering large doses of factor
until the inhibitor disappears. The mechanism
which leads to inhibitor disappearance has not yet
been identified; nonetheless, the restoration of
unresponsiveness to FVIII is currently referred to
as immune tolerance (IT).56

The original IT protocol, known as the Bonn pro-
tocol,>8 required administration of = 200 |.U. of
FVIII per Kg of body weight (IU/kg/b.w.) on a daily
basis for an extended period of several months, if
not years. Alternative protocols are based on low
doses of FVIII*-12 and the administration of non-
specific therapies, such as steroids, cyclophos-
phamide, high-doses of intravenous immunoglob-
ulins (Ig) or extra-corporeal immuno-adsorption, 34
in order to reduce the IgG production/concentration
or to interfere with their mechanism of action.

Since uncertainties still exist concerning the
practice of IT and the possibility of predicting the

The mainstay of hemophilia treatment is based

outcome and as a considerable number of patients
may have to bear the burden of an expensive and
demanding treatment that could turn out to be
unsuccessful, we have analyzed 314 cases treated
with IT protocols collected and followed-up in the
International Registry since 1989.

Design and Methods

Characteristics of the Registry

The International IT Registry was initiated in
1989.15 Hemophilia Care Centers (HCC) worldwide
were solicited to participate, and those agreeing
were asked to complete a data collection form on
each patient who had undergone immune toler-
ance at their center. The data form addressed the
following issues: a) demographic characteristics,
b) levels of inhibitor at discovery, pre- and post-
treatment, and the highest anamnesis, ¢) dosage of
FVIII to achieve tolerance and other medications
used, d) type of concentrate used (virus inactivat-
ed [VI], non-VI, intermediate purity, high purity,
recombinant), and e) clinical and laboratory data
on HIV infection. Annual follow-up data were
requested on patients who had not yet completed
treatment at enrollment and those who were
deemed successfully treated in order to determine
the status of relapse.

Definitions and features of variables
Inhibitor titers were expressed in Bethesda Units
(B.U.).1s Maximum inhibitor titer was defined as the
highest titer ever recorded. Pre-titer was consid-
ered the titer assayed before (within two months)
the beginning of IT induction. A patient was
defined as a High Responder (HR) when the
inhibitor ever exceeded 10 B.U. and as a Low
Responder (LR) if the inhibitor titer was consis-
tently lower.” The dose (1.U./kg b.w./day) for IT
induction was divided into four categories, <50,
50-99, 100-199, and > 200. Final treatment out-
come was defined as failure, high to low, success,
and relapse. Treatment failure indicated that there
was no relevant change in the immune response,
high to low indicated that a low inhibitor titer per-
sisted despite treatment continuation, success
indicated that the inhibitor could no longer be
detected and FVIII kinetic parameters (recovery and
half-life) had reverted to normal; relapse meant
that there was a reappearance of the inhibitor after
at least three negative inhibitor tests. A patient
was said to have a negative BU titer when < 0.6 U
were assayed, a normal recovery when > 80% of
the FVIII was found shortly after the infusion and
a normal FVIII half-life when this exceeded 6 h.
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Additionally, the treatment outcome for some sub-
jects was categorized as ongoing if treatment was
not complete or not evaluable if required parame-
ters were missing.

Statistical methods

Non-parametric chi-squared tests of significance
were used to compare the treatment outcome for
categorical variables and for continuous variables
converted to categorical for simplicity of presen-
tation. The best model predicting success in the
multivariate analysis was determined from a step-
wise procedure using a significance cut-off of 0.05.
Standard actuarial methods were used to demon-
strate the rates of success for predictive markers.

Results

Descriptive statistics

Up to 1999, 314 severe hemophiliacs with an
inhibitor from 50 HCC worldwide had been enrolled
in the IT registry. Twenty-four of the centers were
in Europe and 19 in the United States. The other
centers were in Canada (n=5), Japan (n=1) and Aus-
tralia (n=1). Although 48% of the centers were
located in Europe, they contributed 64% (n=201) of
the patients. Forty-four of the 50 centers recruited
fewer than 10 patients each. Of the 314 enrolled
patients, the median age at the time the inhibitor
was diagnosed was 4 years (mean 10, range <1 to
64) (Figure 1). The median number of months
between the diagnosis and treatment was 17 (mean
53, range <1 to 379). The earliest IT treatment
began in 1974 and the latest in 1998 (median year
1988). Seventy-two percent of the hemophilic sub-
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Figure 1. Age at inhibitor diagnosis.
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jects were HIV negative at the start of their treat-
ment, and 8% of these eventually became positive.
An intermediate purity product which was non-
virus inactivated (VI) was used in 50 patients
(15.9%); in 188 patients (60%), the concentrate
used was an intermediate purity or high purity
(chromatographic or monoclonal) plasma-derived
VI product. In 37 patients (11.8%), both VI and non-
VI concentrates were used. Recombinant concen-
trates were used in 39 (12.4%) of the procedures.
The daily dose for IT in the Registry population var-
ied widely and included 79 (25.2%) patients who
received < 50 1U/kg/bw/day, 72 (22.8%) patients
who received 50-99 U, 62 (19.7%) patients who
received 100-199 U and 101 (32.1%) patients who
were given > 200 IU. Seventy-eight (24.8%)
patients enrolled in the Registry received activated
prothrombin complex concentrates (APCC) during
their treatment, 16 (5.1%) received steroids and 7
(2.2%) received both types of therapies. The vast
majority of patients (213 or 67.9%) were treated
with plain FVIII protocols. The median of the max-
imum inhibitor titers for patients in the Registry
was 54 B.U. (mean 530, range 1-25,000). Low
responders comprised just 6.2% of the Registry
population. The median pre-titer was 7 B.U. (mean
41, range 0-720). Two hundred and seventy-five of
the 314 Registry patients had an evaluable IT out-
come (Table 1). Of the 140 patients who achieved
an inhibitor titer of <1 B.U. as a result of treatment,
128 also reported normal FVIII kinetics, as mea-
sured by factor recovery and half-life. The remain-
ing 12 patients with consistently absent inhibitor
during follow up had one or more missing pieces of
data, and therefore were excluded from the com-
parative analyses between successes and failures.
Treatment duration was evaluated by plotting the
cumulative percent of patients who achieved tol-
erance by the number of months needed to achieve

Table 1. Overall outcome of IT protocols.

QOutcome n. %
Success 140 50.9
Partial success (from a high titer to < 10 B.U.) 21 7.7
Failure 66 240
Ongoing 48 175
Not evaluable 39
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Figure 2. Treatment duration analysis. Time to achieve
inhibitor titer < 1 B.U. (- - - - - ) and normal FVIII kinetics
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either the disappearance of the inhibitor or all the
requirements defining success (absence of inhibitor
+ normal FVIII recovery and half-life) (Figure 2).

Statistical analyses

As shown in Table 2, treatment dose was strong-
ly associated with outcome. In those patients
receiving <50 I.U., treatment was considered a suc-
cess in 48% whereas in those patients given = 200
.U, treatment was considered a success in 86% (p
<0.001). There were also highly significant associ-
ations (p = 0.001) found between treatment out-
come and the following variables: maximum inhib-
iter titer, age at treatment and the pre-titer (Table
2). The time between inhibitor diagnosis and start
of IT was also significantly associated with out-
come (data not shown, p = 0.005); in those subjects
treated within 5 years of inhibitor detection, there
was a success rate of > 70%.

The variables associated with success from the
univariate logistic regression analysis are shown in
Table 3. The variables representing the model which
best predicted success from the multivariate logis-
tic regression analysis are shown in Table 4. Vari-
ables in these two tables continued to be the same
as those that were individually found to be cate-
gorical variables, except for the time between
inhibitor diagnosis and treatment in the non-para-
metric analysis previously described.

Of the 128 patients with a successful outcome,
six relapsed between 1 and 15 years after treat-
ment, as shown by the Kaplan-Meier inhibitor-free
survival curve (Figure 3).

In order to ascertain whether treatment dura-
tion was affected by the variables associated with
success, two groups of patients were established:

Table 2. Treatment age, maximum inhibitor titer, pre-titer
and treatment dose as outcome predictors.

Variables Outcome
Success Failure

Age (yrs)*
<5 38 (70%) 16 (30%)
510 33 (73%) 12 (27%)
11-20 36 (78%) 10 (22%)
>20 19 (40%) 28 (60%)

Max. Inh. Titer (B.U.)¢

<10 39(89%) 5 (11%)
10-20 22 (85%) 4 (15%)
21-99 32 (58%) 23 (42%)
100-500 20 (57%) 15 (43%)
>500 15 (44%) 19 (56%)

Pre-titer (B.U.)"
<2 36 (78%) 10 (22%)
210 48 (79%) 13 (22%)
11-20 13 (65%) 7 (35%)
>20 19 (41%) 27 (59%)

Dose (I.U./Kg/bw/day)°
<50 19 (48%) 21 (52%)
50-99 35 (66%) 18 (34%)
100-199 17 (49%) 18 (51%)
>200 57 (86%) 9 (14%)

Differences between successes and failures: *2 18.2; p =.001; 8x22: 24.0;
p =.001; My22: 20.2; p =.001; °x2: 23.0; p =.001.

Table 3. Logistic regression: univariate analysis.

Variable direction x “”
Maximum historical titer negative 6.5 01
Pre-titer negative 46 03
Time between diagnosis and treatment  negative 215 .0001
Treatment age negative 79 .005
Dose positive 15.8 001

Dx: diagnosis; Tx: treatment.

those with a favorable prognosis (FVIII daily dose
> 100 1U/Kg, pre-titer < 10 BU and time between
inhibitor detection and treatment < 5 years) and
the others with poor prognostic features. Figure 4
shows the comparison between the two groups
with reference to the time needed to attain success
(< 1BU and normal FVIII kinetics).

Discussion

The only approach which has the potential to
eradicate allo-antibodies in hemophilic patients is
the induction of a new immune tolerance status,
through the administration of large doses of FVIII.
This is in contrast to the situation in non-hemo-
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Table 4. Logistic regression: multivariate analysis.

Variable Parameter ‘v’
Maximum historical titer -0.001 04
Pre- titer -0.001 .04
Treatment age -0.047 .008
Dose +0.51 .03
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Figure 4. Time to success in patients with favorable (- - - -)
and poor (—) prognostic indicators.

philic patients with auto-antibodies in whom the
administration of steroids and/or other immuno-
suppressive therapies may reduce the inhibitor titer,
or even lead to its disappearance.

Restoration of tolerance to FVIII in hemophilia

haematologica vol. 86(11):november 2001

represents an important aspect of immunotherapy,
since it is one of the first examples of suppression
of an alloimmune complication in humans. Toler-
ance in hemophilia can be considered a specific
process induced by the administration of FVIII. This
became evident, however, only after the use of the
ultrapure and the recombinant concentrates for IT
induction.’819 |In fact, in the previous IT treatments
performed with the low- or intermediate-purity
concentrates, patients were receiving other immu-
nogens which were present at various concentra-
tions (i.e., fibrinogen, Ig, fibronectin, vWF) and
therefore it could not be ruled out that these were
also acting as toleragens. The underlying mecha-
nism of this type of peripheral tolerance is thought
to be a T-cell clonal deletion following a persistent
antigenic stimulation, a process known as activa-
tion-induced apoptosis.2°

IT regimens can be a successful treatment for
inhibitors, but there are a number of factors which
influence the outcome and the cost. In order to
define a framework for optimal IT treatment, we
created a Registry of over 300 inhibitor patients
treated with protocols based, in most cases, on the
administration of FVIIl alone. Undoubtedly, the ide-
al study would have been a prospective randomized
study as there has been much debate over the effi-
cacy of specific types of concentrates, the recom-
mended dosages, the duration of treatment and the
likelihood of recruiting and gaining co-operation
from the required numbers of patients and treaters.
In the light of these problems, the creation of a
Registry collecting cases from HCC worldwide was
seen to be an interim, suitable alternative. The
analysis of the Registry data will almost certainly
help to shape future prospective studies.

In 50% of the Registry cases, the first immune
response to FVIII developed before the age of 4
years old and in 70% of the cases it developed
before the age of 9 (Figure 1). There was a higher
proportion of HR (94%) than commonly reported
among all inhibitor patients. This over-representa-
tion reflects a selection of the treaters concerning
inhibitor patients who are eligible for IT treatment.

We defined a successful outcome in the most
conservative manner, requiring both disappearance
of the inhibitor and normalization of the FVIII
recovery and half-life. Normal FVIII kinetics, in fact,
allows the treater to rule out the presence of very
low or transient inhibitor titers. Tolerance status
was further documented by the inhibitor-free fol-
low-up.

Our analysis, both at univariate and multivariate
levels, demonstrated that a very strong predictor of
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success was a low inhibitor pre-titer. This factor
was probably intuitively recognized by most
treaters, as the majority of cases began treatment
at the lowest possible inhibitor level. The impor-
tance of starting with a low pre-titer implies that
patients enrolled in a tolerance program should
receive therapeutic materials not containing FVIII
(i.e., recombinant, activated FVII, [rFVIla], Novosev-
en™) before the start of IT. For the same reason, the
use of rFVIla is also advisable for the treatment of any
bleeding episodes which occur during IT.2-23

Another important baseline factor was the age
when treatment began. Procedures started during
infancy or childhood were associated with greater
success (Figure 4). In order to ascertain whether
treatment was effective in both patients with long-
standing inhibitors and newly diagnosed ones, we
evaluated the time between inhibitor detection and
treatment. This time frame was also shown to be a
predictor of success, indicating that IT should be
started as soon as possible after the inhibitor is
detected. The fact that this variable was not a sig-
nificant predictor in the multivariate analysis is
probably due to its strong association with age at
treatment and inhibitor diagnosis.

Dosage was found to be an important and signif-
icant predictor of success, a finding which was evi-
dent during the interim registry analyses.t Patients
who were given higher dosages of factor were sig-
nificantly more likely to become tolerant. The dose
is also important in the management of bleeding
episodes during IT. High doses of FVIII overcome the
inhibitor more easily and allow for the maintenance
of free FVIII levels for a progressively longer time.
This leads to a rapid reduction and eventual cessa-
tion of bleeding episodes.

Two other, smaller registries were created more
recently; the North American (NAITR)* and the Ger-
man registries.?> A comparative analysis of the
international registry and the other two registries
yielded the result that predictors of success were
the same, but FVIIl dose, as in the NAITR patients
treated with high dosages were very few and, vice
versa, in the German one the vast majority of
patients received > 200 |U/Kg of FVIIl. However, a
full comparison of the three registries cannot be
made as the definition of the variables are not
always the same.

Another important feature of the international
registry analysis was the duration of treatment. The
proportion of successfully treated patients
increased steadily during the first months of treat-
ment and leveled off at 90% after about 2 years
(Figure 2). It is noteworthy that the disappearance

of the inhibitor occurred earlier, within 15 months
(Figure 2). This means that treatment must be con-
tinued for a considerably longer time after the
inhibitor is not detectable and that if the inhibitor
persists after two years of treatment, the proba-
bility of a success becomes virtually nil. Tolerance
was shown to be a stable condition with relapses
rarely occurring (4.3% of the registry cases).

In order to evaluate the combined conditions
associated with success, we categorized all of the
successes and failures alike into two groups with
reference to the three most important outcome
predictors. The first group was characterized by the
favorable predictors of success (pre-titer < 10 BU,
time from inhibitor detection to treatment < 5
years, treatment dose > 100 IU/kg) and the second
group was defined by the opposite features asso-
ciated with a poorer prognosis. The two cohorts
were evaluated with reference to the probabilities
of success and treatment duration as end-points.
This analysis demonstrated that treatment dura-
tion was significantly shorter in patients with
favorable predictors. In fact, most of the patients
(65%) with good prognostic indicators achieved
tolerance within one year, compared to the poor
prognostic group in which a 65% success rate was
not achieved for at least 31 months (Figure 4).

The length of time needed to achieve a success-
ful outcome has significant economic implica-
tions.#

It is noteworthy that the criteria we have chosen
to define the prognostic groups can be met in most
of the patients. In fact, it is as feasible to start the
procedure within a few years after the appearance
of the inhibitor as it is to begin the treatment with
low or undetectable levels of an inhibitor. As to the
dose, one could argue that even lower doses could
be used with successful results under the right con-
ditions, but the increased costs for the high dose
regimens would probably be balanced by a short-
er treatment duration.

The high cost of IT cannot be overstated. In fact,
the on demand treatment of a patient with an
inhibitor can be extremely expensive as well, since
bleeding episodes are treated with very costly prod-
ucts such as FEIBA®, rFVila and porcine FVIII. In
addition, two recent studies?®2® demonstrated that
the highest costs for the management of inhibitor
patients are due to hospitalization for the frequent
occurrence of severe and life-threatening bleeding
episodes. Furthermore, the quality of life of a patient
with inhibitors can be very poor and should be a
factor considered in any decision to place a patient
on an IT program.® It is important to note that the

haematologica vol. 86(11):november 2001



1192

cost-benefit evaluation of an IT procedure appears
to be documented well enough by the facts that
tolerized patients can be treated again with FVIII
and the relapse rate is very low.

In conclusion, the data accumulated in the Reg-
istry indicates that IT is effective and may be
affordable provided that patients are treated as
early as possible after the inhibitor detection, at
the lowest possible inhibitor titer and using high-
dose FVIII protocols 3132
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Potential implications for clinical practice

Within the limits of this type of retrospective
study, the analysis of the data and the follow up
of the patients indicate that the most significant
predictors of success are: i) a low titer inhibitor
prior to treatment; ii) high dosages of factor VIII;
ii. treatment age. These variables have an
important impact on the treatment costs as well.
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