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The introduction of coagulation factor replacement
therapy over the past half century has greatly
contributed to the improvement in care of people with
haemophilia A. After the epidemic resulting from the
transmission of blood-borne viruses (hepatitis B virus,
hepatitis C virus and human immunodeficiency virus)
in the late 1970s and early 1980s caused by the use of
non–virally inactivated clotting factor concentrates
derived from plasma, the need for safer haemophilia
treatments became crucial to the haemophilia
community1,2. Thus, the development of recombinant
factor VIII products, first introduced in the late 1980s3,
has revolutionised the care of people with haemophilia
A. The unlimited production of recombinant FVIII
products has theoretically provided an opportunity to
overcome the potentially limited availability of
plasma-derived FVIII concentrates, and the perceived
increased safety of the replacement therapy associated
with the introduction of recombinant FVIII products
dramatically improved the quality of life of patients
with haemophilia A and their families and enabled
regular infusion of factor concentrate replacement
therapy to prevent bleeding and resultant joint damage
(i.e., primary prophylaxis), home treatment, and,
ultimately, a near-normal lifestyle and life
expectancy4-7.

On the other hand, the improvement of viral
inactivation methods and methods used to screen
viruses in blood donation facilities and plasma pools
also greatly improved the safety of plasma-derived
products. In the past 14 years, there have been no
confirmed cases of blood-borne transmission of
hepatitis viruses or human immunodeficiency virus
associated with the use of plasma-derived FVIII
products8. However, because of the uncertainty
regarding as-yet-unknown pathogens and the potential
impact of prion disease in the haemophilia population
reliant on blood derivatives9, there was a strong push

in Western countries to treat children with haemophilia
with only recombinant FVIII products. Furthermore,
the process of manufacturing recombinant FVIII
products has further evolved during the last few years
to minimise the risk of pathogen transmission with
the improvement of protein purification techniques
and viral inactivation steps and the avoidance of
human or animal proteins at any stage of their
manufacture10.

Because of the widespread prophylactic use of
recombinant FVIII products, the most serious and
challenging complication of replacement therapy has
become the development of inhibitors against
coagulation FVIII. Inhibitory alloantibodies develop
in approximately 20% to 30% of patients with severe
haemophilia A and render the FVIII treatment
ineffective, precluding the access of haemophiliacs
to a safe and effective standard of care and
predisposing them to an unacceptably high risk of
morbidity and mortality11.

The research in this area has mainly focused on
identifying risk factors that contribute to inhibitor
development by studying previously untreated
patients (PUPs)12. These studies have revealed the
importance of genetic risk factors (e.g., ethnicity, F8
gene mutations, major histocompatibility complex
genotype, polymorphisms of immune-response genes
[interleukin-10, tumour necrosis factor-a, cytotoxic
T-lymphocyte antigen-4]) and environmental risk
factors (e.g., number of days of exposure to FVIII,
age at first exposure to FVIII concentrate, type of
FVIII concentrate administered and modality of
treatment) in the development of inhibitors13-22. This
research confirms that inhibitor formation in
haemophilia is a complex multifactorial process.

The role of FVIII replacement therapy in the
development of inhibitors has been explored in a
number of observational multicentre PUP studies
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during the last two decades. Some investigators
postulated that patients receiving plasma-derived
FVIII concentrates might have a lower inhibitor
incidence because of the protective effect of von
Willebrand factor (vWF), which would mask the
epitope sites of inhibitors on the FVIII molecule or
would prevent FVIII endocytosis by dendritic cells23.
Several criticisms can be raised against the in vitro
studies providing evidence supporting the former
mechanism because of the difficulty of reproducing
the physiological in vivo conditions (in which
circulating vWF levels are much higher than FVIII
levels and vWF immediately binds exogenous FVIII
molecules) in a laboratory24, and contradictory studies
have been recently published on the latter
mechanism25,26. Dasgupta and colleagues observed that
pre-incubation of vWF with FVIII reduced the uptake
and presentation of FVIII by dendritic cells compared
with pre-incubation with FVIII alone25.
Pfistershammer and colleagues demonstrated that
neither an immunogenic response from allogeneic or
autologous T cells nor the modulation of the release
of cytokines by human dendritic cells is stimulated
by FVIII, thrombin-activated FVIII, vWF, or a
complex of FVIII and vWF .26  Clinical studies have
also yielded conflicting results23. Unfortunately, no
randomised trials have been conducted so far in this
setting, and only a few comparative studies have been
published, with no significant results.

In a prospective, comparative study of PUPs with
moderate to severe haemophilia A, Kreuz and
colleagues detected inhibitors in 18 of 51 (35%)
patients treated with plasma-derived FVIII and 4 of
21 (19%) patients treated with recombinant FVIII27.
In the subgroup of patients with severe haemophilia,
inhibitors developed in 46% of the patients treated
with plasma-derived FVIII and in 36% of those treated
with recombinant FVIII concentrate. No difference
was observed in the development of high-titre
inhibitors between patients with severe haemophilia
treated with plasma-derived FVIII (13/35 [37%]) and
those treated with recombinant FVIII (4/11 [36%]).
Another prospective study, conducted by Mauser-
Bunschoten and colleagues, compared the incidence
of inhibitors in 59 PUPs with severe haemophilia A
who were initially treated with cryoprecipitate or
intermediate purified FVIII concentrates with the
incidence of inhibitors in 22 patients treated

exclusively with monoclonally purified FVIII and
recombinant FVIII products28. The inhibitor incidence
rate was almost the same between the two groups
(24% versus 23%, respectively).

Data from a retrospective evaluation of 148 PUPs
with severe haemophilia A were recently published
by Goudemand and colleagues .29  Sixty-two patients
were treated exclusively with plasma-derived FVIII
concentrates and 86 exclusively with recombinant
FVIII products. No statistically significant difference
between the two treatments was found for the cohort
of high responders (p=0.157), but there was a
significant difference when comparing patients with
high-titre inhibitors and/or immune tolerance
induction (ITI; p=0.045). According to a Cox
multivariate analysis excluding other risk co-factors
(i.e., F8 gene mutation, ethnicity, family history of
inhibitor, age at first infusion), recombinant FVIII was
found to be an independent risk factor for inhibitor
development, carrying approximately a 2.4- to 3.2-
fold higher risk than plasma-derived FVIII
concentrates.

In a retrospective cohort study of 348 children with
severe haemophilia A, Chalmers and colleagues30

found that high-titre inhibitors developed in 15% and
10% of patients treated with recombinant FVIII and
plasma-derived FVIII products, respectively, without
statistical significance (p=0.173). The significance
appeared only using pooled data without any
stratification, showing that inhibitors developed more
frequently in patients initially treated with
recombinant FVIII than in those treated with plasma-
derived FVIII concentrates (27% versus 14%,
respectively; p=0.009). A multicentre retrospective
cohort study of 316 PUPs from the Concerted Action
on Neutralizing Antibodies in Severe Hemophilia A
trial was conducted to explore the relationship of FVIII
product type and switching between FVIII products
with inhibitor formation31. The risk of inhibitors
(overall and high-titre inhibitors) was not lower in
the plasma-derived FVIII patients than in those treated
with recombinant FVIII (relative risk [RR] for all
inhibitors, 0.8; 95% CI, 0.5–1.3; p=0.34; RR for high-
titre inhibitors, 0.9; 95% CI, 0.8–2.5; p=0.72).
Switching between FVIII products did not increase
the risk of inhibitors (RR, 1.1; 95% CI, 0.6–1.8).

The Paediatric Committee of the German,
Austrian, and Swiss Society for Thrombosis and
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Haemostasis Research conducted a multicentre study
to observe inhibitor development in PUPs32. A total
of 324 PUPs with haemophilia A or B have been
recruited since 1993. Of the 183 PUPs studied, 88
received plasma-derived FVIII and 95 received
recombinant FVIII. Twenty-one percent of patients
who received plasma-derived FVIII developed
inhibitors, compared with 36% who received
recombinant FVIII  (p=0.08).

Overall, the existing data on the impact of the type
of FVIII product on inhibitor incidence in PUPs with
haemophilia A are conflicting. For instance, a low
inhibitor incidence rate (approximately 10%) was found
in some prospective studies using plasma-derived FVIII
concentrates16,33; however, an equally low incidence was
detected by other prospective studies with recombinant
FVIII products, especially the second generation
recombinant products34,35. In addition, the great majority
of the studies found an overlapping incidence rate of
high-titre inhibitors between plasma-derived FVIII and
recombinant FVIII groups.

Despite the heterogeneity among the various
studies, attempts have been made, through systematic
review and meta-analysis, to compare the incidence
of inhibitor development in patients with haemophilia
A who were treated with FVIII/vWF or recombinant
FVIII products. In 2003, Wight and Paisley published
a systematic review investigating the association of
FVIII product type with inhibitor formation36. Fifty
relevant retrospective or prospective studies were
identified in the literature. A comparison of data from
13 studies in PUPs found that patients treated with
plasma-derived FVIII had a lower cumulative
incidence of inhibitors than those treated with
recombinant FVIII. In patients treated with plasma-
derived FVIII, the cumulative inhibitor incidence
ranged from 0% to 12.4% (weighted mean, 6.8%) for
all inhibitors and from 0% to 2.5% (weighted mean,
1.4%) for high responders (>5 Bethesda units). In
comparison, patients treated with recombinant FVIII
had cumulative inhibitor rates between 36% and
38.7% (weighted mean, 37.5%) for all patients; for
high responders, the inhibitor incidence ranged from
11.3-18% (weighted mean, 15.1%). This review has
been criticised for its comparison of trials with very
different study designs (e.g., prospective/retrospective,
frequency and method of inhibitor testing, length of
follow-up) and study populations (e.g., ethnicity, type

of gene mutation, definition of disease severity, age
at first exposure to FVIII)37, making it impossible to
draw any reasonable conclusion based on the
comparison of inhibitor incidence of the different
products across studies. In addition, pooling all
plasma-derived FVIII and all recombinant FVIII
products is problematic because there are great
differences between drugs of the same type. The
amount of vWF varies among commercial plasma-
derived FVIII formulations, and important differences
also exist among recombinant FVIII products (e.g.,
antigen content). The more recent meta-analysis by
Iorio and colleagues38 identified 2094 patients from
24 retrospective and prospective studies, 420 of whom
developed inhibitors. Six percent of patients treated
with plasma-derived FVIII developed high-titre
inhibitors while 19.4% of those treated with
recombinant FVIII products did so (p=0.195); the
pooled incidence inhibitor rate was 14.3% for plasma-
derived FVIII concentrates and 27.4% for
recombinant FVIII products (p<0.001, multivariate
analysis).

The use of recombinant FVIII as haemophilia
replacement therapy has increased due to the good
safety profile of these products, driving the conversion
of many previous treated patients from plasma-derived
FVIII to recombinant FVIII.

Giles et al. reported that no increase in the
incidence of inhibitor development was found in 478
previously treated patients followed up for 1 year after
switching from plasma-derived FVIII to recombinant
FVIII. Overall, the incidence of true inhibitor
development (i.e., negative for inhibitors before
conversion to recombinant FVIII and positive after
conversion) in previously treated patients with
haemophilia A was 2% to 3% over 2 years. This is
similar to the incidence in patients treated with plasma-
derived FVIII39.

In addition, there is no consensus on the preferred
FVIII product for achieving inhibitor eradication
during ITI. No conclusive evidence demonstrates that
using plasma-derived FVIII rich in vWF will improve
the likelihood of successful tolerisation; the only data
suggesting that high-content vWF factor concentrates
play a role in the outcome of ITI regimens are derived
from small in vitro studies40,41, small case series42,43

and retrospective studies44,45, and small, uncontrolled
studies46.
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Meta-analysis of data from the IITR, NAITR and
PROFIT trials found no association between ITI
outcome and treatment product (the distribution of
success and failure was equivalent: 70% success, 30%
failure)47. The International Workshop on Immune
Tolerance Induction declared, by consensus
recommendation, that ITI is successful using FVIII
products with and without vWF (level 2B
recommendation)47. Moreover, the International
Immune Tolerance Induction Study was interrupted
prematurely last year because intercurrent bleeding
was significantly higher in the low-dose arm than in
the high-dose arm regardless of the product used48.

In conclusion, the published data document that
inhibitor development in patients with haemophilia
A and the outcome of ITI are not influenced by the
type of FVIII product. Thus, because of the low risk
of pathogen transmission associated with recombinant
FVIII and in accordance with current evidence-based
guidelines, recombinant FVIII products should be
considered the treatment of choice for patients with
haemophilia A. Furthermore, the increased use of
recombinant FVIII products over the next few years
may lead to decreased costs, rendering the comparison
with plasma-derived FVIII concentrates more
favourable from an economic point of view.
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