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Table 2. Patients with positive inhibitor ticres at baseline,

Baseline 12 months 24 months
sample postswitch to postswitch 1o
Patient (BU) (FVIIL-FS (BU) (FVIILES (BU)
1 3.3 1.2 NA
2 le 3.2 NA
3 160 33.8 27.7
4 4.5 4.6 5.8

BU, Bethesda units; NA, samples not collected for assay.

samples collected, 12-month postswitch samples
were collected for 225 and 24-month postconversion
samples were collected for 189 subjects. One hun-
dred and forty patients completed all three samples;
baseline, 12 and 24 months following conversion to
rFVIII-FS. A slightly smaller group, 123 patients,
completed all three samples, and used only rFVIII-FS
replacement factor (without switching to another
product) for the duration of the study period. Four
subjects had positive inhibitor titres at baseline, with
values ranging from 3.3 to 160 BU (Table 2). Of
these, two patients had severe haemophilia, one had
moderate haemophilia and for one patient the
severity of haemophilia was unknown. Inhibitor
assays for these four patients remained positive at
12 months following the switch to rFVIII-FS, with
values ranging from 1.2 to 33.8 BU. At the 24-month
postconversion time point, two of these patients
tested positive for inhibitors (27.7 and 5.8 BU),
while the remaining two subjects did not have 24-
month samples collected. None of these patients
received immune-tolerization.

Table 3 summarizes the inhibitor results from all
valid patients for 12 and 24 months following

Table 3, Inhibitor summary following conversion to rFVII-FS*.

conversion to rFVII-FS. Only patients with positive
baseline inhibitor titres (# = 4} had positive inhibitor
titres at either the 12- or 24-month postswitch time
points; therefore, no de novo inhibitors developed
over the 2-year evaluation period in this patient
population. Specifically, in patients in whom all
sequential samples were collected, there was no
evidence of inhibitor development over the course of
the study (Table 4). Similatly the 123 patients who
received only rFVII-FS during the study and had all
the required samples collected did not show any
evidence of inhibitor formation.

Discussion

The results of this surveillance study suggest that the
formulation of recombinant FVIII with sucrose
(Kogenate®-FS; Bayer) rather than albumin did not
result in an increased risk of inhibitor formation in
previously treated haemophilia A patients. The first
surveillance study of the Canadian haemophilia A
population showed that there was no increase in the
incidence of FVIII inhibitors when previously treated
patients (PTPs) were converted to either a first
generation rFVII or high purity affinity-purified
plasma-derived FVIII [10].

It is important to emphasize that this surveillance
study differed from a more structured clinical trial
with regard to sampling frequency for inhibitor
detection. Several clinical studies evaluating inhibitor
formation in both previously untreated patients
(PUPs) and PTPs collected samples at 3-month
intervals for inhibitor titres [14-19]. In fact, in one
study of PUPs and minimally treated patients, the

12 months postswitch to rFVIII-FS

24 months postswitch to rFVIII-FS

Baseline samples {preswitch) Negative Positive Missing Negative Positive Missing
Negative for inhibitors (z = 270) 221 (81%) 0 49 (18%) 185 (68%) 0 85 (31%)
Positive for inhibitors (n = 4) 0 4 (1.5%) 0 0 2 (0.7%) 2 (0.7%)

*All samples, # = 274. A ‘missing’ sample can be a refiection of no sample collected at rime point, or a patient switched to another product.
{Twenty-four month postswitch samples were collected for only two patients, with the other two being not evaluable due to ‘missing’

samples, A positive FVIII inhibitor had a value 20.5 BU.

Table 4. Inhibitor sumemary following conversion to rFVIIL-FS ~ patients completing the full surveillance protocol”.

12 months postswitch to rFVIII-FS

24 months postswitch to rFVIII-FS

Baseline sample (preswitch) Negative Positive Missing Negative Positive Missing
Negative for inhibitors (1 = 138) 138 (99%) 0 0 136 (97%) 0 2 (1.4%)
Positive for inhibitors {n = 2) 0 2 (1.4%) 0 0 2 (1.4%) 0

*Defined as subjects in whom all three samples (baseline, 12 and 24 months following conversion to rFVIIL-FS) were obtained, 7 = 140.
A “missing’ sample can be a reflection of no sample collected at specific time point, or a patient switched ro another product. A positive

FVII inhibitor had a value 20.5 BU.
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frequency of sampling for inhibitor detection was
even higher during the high-risk period [16]. With
the less frequent sampling of every 12 months in this
surveillance study, detection of transient inhibitors
might have been missed. In addition, the study was
not designed to match clinical evidence of an
inhibitor (using FVIII recovery values or other
clinical parameters) with laboratory detection, nor
was it developed to detect non-neutralizing anti-
bodies to FVIIL. However, it is reasonable to suggest
that the switch to rFVIII-FS from other recombinant
FVIII formulations does not appear to lead to the
development of new inhibitors of important clinical
significance.

The relationship between FVIII product type and
inhibitor risk is clearly an important issue for
haemophilia patients and care givers, and the subject
of ongoing debate [4-6]. An association between
modification of the FVII production (plasma-
derived, pasteurized FVIII concentrates with either
prior controlled-pore silica adsorption or solvent
detergent treatment) and an increased incidence of
inhibitors in PTPs was documented by Peerlinck
et al. and Rosendaal et al. [20,21)]. The pasteuriza-
tion process may have produced epitope alterations
in these preparations that resulted in the increased
development of inhibitors. A recent study in France
compared inhibitor incidence in PUPs treated with
either a single recombinant or a single plasma-
derived FVIII product [22]. These investigators noted
a lower incidence of inhibitors associated with the
use of the plasma-derived FVIII product compared
with rFVIII. However, review of several studies with
either plasma-derived or rFVIIl products suggests
that the recombinant products are not more immu-
nogenic than FVIII preparations when the compar-
isons take into consideration the details of study
design (including the frequency of inhibitor testing)
and risk factors influencing inhibitor development
[7,8]. In toto these data suggest that individual
FVIII molecules may possess different inhibitor-
inducing profiles but that amongst the many risk
factors known to affect inhibitor development any
one factor may be difficult to isolate. Also relevant
to a discussion of inhibitor incidence is the number
of exposure days (EDs), as patients with <20 EDs
are still at high risk for inhibitor formation [7].
While the number of EDs was not documented in
the present surveillance study, most of the patients
enrolled in this study had received many more
than 20 EDs. Additionally, it is important to note
the recommendation of the Scientific Subcommittee
of the International Society of Thrombosis and
Haemostasis to use PTPs as the appropriate popu-
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lation in which to evaluate product immunogenicity
[23].

Differences in study design, numerous risk factors
for inhibitor development (severity of haemophilia,
genetic mutation type, ethnicity, number of EDs,
etc.) and the heterogeneity of the patient population
complicate direct comparison of inhibitor incidence
between studies. While it is difficult to prospectively
assess one specific host or treatment-related risk
factor, it is important to continually monitor new
and existing FVIII replacement products for inhibitor
development, and to identify significant deviations
from the very low frequency ‘background’ immuno-
genicity of these products.
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