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The development of inhibitors in children with haemophilia A presents a

A and intron 22 inversion showed an inhibitor concordance rate of only
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major problem in terms of both the success and the cost of treatment.

40%. Moreover, the concordance rate for the presence of inhibitors

Inhibitors develop in response to treatment with factor VIII (FVIII), which is

among inhibitor families was only 42.4%. Data from two large registries

administered to haemophilia A patients to overcome bleeding episodes.

of unrelated patients with haemophilia – the Haemophilia A Mutation,

The risk of inhibitor development is highly dependent on disease severity:

Structure, Test and Resource Site (HAMSTeRS) and Bonn databases –

it is estimated that between 20 and 52% of patients with severe

predicted a concordance among inhibitor families of 20%. The

haemophilia A develop inhibitors compared with approximately 3% of

differences between the MIBS study and the HAMSTeRS and Bonn

those with mild to moderate disease.2–9 For the most part, inhibitors

databases suggest that the risk of inhibitor development may involve

develop early in a patient’s treatment life – usually after nine to 12 days of

other factors beyond the FVIII genotype alone.

exposure to FVIII.
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Subsequent to inhibitor development, bleeds are

treated with bypassing agents, which are less efficient and more expensive

Indeed, recent evidence points to defects related to the FVIII immune

than FVIII replacement. Immune tolerance induction (ITI) therapy is used

response genes. Major histocompatibility complex (MHC) molecules,

successfully in approximately 70% of haemophilia patients to eradicate

which play a central role in the cellular cascade leading to antibody

inhibitors and allow future treatment with exogenous FVIII.11 Future

formation, have been evaluated as potential co-determinants. Two

studies aim to further optimise the ITI treatment regimen. Indeed, the risk

studies detected a weak influence from MHC class I/II genotypes,22,23

of inhibitor development is much greater and more frequent in previously

although no association was found in the MIBS cohort.24 The MIBS study

untreated patients, while it is rarer in previously treated patients. In this

also showed that there was a strong association between inhibitor

latter group, inhibitor risk factors are thought to be more treatment-

development and a polymorphism located in the promoter region of the

related and in previously treated patients with >150 exposure days to FVIII

IL-10 gene. Patients with this IL-10 genotype had a significantly greater

are considered low-risk.12

risk of developing an inhibitor compared with patients with other IL-10
genotypes.25 A genetic predisposition to the development of FVIII

Alongside disease severity, numerous patient-determined factors have

inhibitors is evident; however, further studies are required.

been demonstrated to alter the risk of inhibitor development in
haemophilia A patients. These include a family history of inhibitor

Ethnic Background

development, FVIII gene mutations, ethnicity, prophylaxis treatment, the

Inhibitor incidence is high in African-American, Hispanic and Latin

intensity of treatment and the individual FVIII concentrate.

Age at

haemophilia patients compared with Caucasian patients.14 This is

first exposure

7,9,12–17

has also been proposed as a potential risk factor for

thought to be due to immunogenotypic factors carried in these racial

inhibitor development, although the relative importance of this

groups. Two prospective trials have reported that African-Americans are

treatment-related factor is now questioned.15,18,19

twice as likely to develop inhibitors compared with Caucasians, despite

14,18

a similar level of haemophilia in both ethnic groups.3,26 These results
Genetic Risk Factors

suggest a racial risk and hence a genetic risk for the development of

Severe defects, such as large deletions in the FVIII gene, inversions

inhibitors in haemophilia A.

(particularly intron 22 inversion) and stop mutations, are associated with
a higher risk of inhibitor development than small deletions/insertions,

Intensity of Factor VIII Treatment

missense mutations or splice site mutations.7,13,18,20,21 In a recent study of

In 1970, it was suggested that less frequent exposure to FVIII concentrate

children with severe haemophilia A who were first exposed to FVIII as

in patients with mild haemophilia accounted for a lower incidence of

neonates, 41 of 141 children with severe genetic defects (29%)

inhibitor development.27 However, the cumulative FVIII exposure was

developed inhibitors compared with 12 of 90 children with non-severe

found to be no higher in patients with severe haemophilia who

defects (13%; p=0.006).7 Similarly, in the Concerted Action on

developed inhibitors than in those without inhibitors.28 In the CANAL

Neutralizing Antibodies in severe haemophilia A (CANAL) cohort study,

cohort study, a dose of 35–50IU/kg over five consecutive days was

patients with severe defects were nearly three times more likely to

associated with 1.4 times the risk than a normal dose (<35IU/kg). This

develop inhibitors compared with patients with low-risk mutations.

increased to 3.3 times the risk of a normal dose when FVIII was

18

administered at doses of ≥50IU/kg.18
The Malmö International Brother Study (MIBS), a large-scale family study,
examined the shared host genetic factors between brothers with severe

The association between inhibitor development and number of

haemophilia A and found a 70% concordance in terms of the presence

exposure days to FVIII was also examined in the CANAL cohort study.18

or absence of inhibitors.13 In the study, siblings with severe haemophilia

It was reported that a higher number of consecutive exposure days

8
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increased the risk of inhibitor development in severe haemophilia

mutation type, reason for first treatment and FVIII concentrate product

patients. In a multicentre cohort study, a shorter duration between

type. Similarly, a study investigating inhibitor development in children

exposure days increased the risk of inhibitor development.9 In addition,

first exposed to FVIII as neonates found that the effect of age at first

there appeared to be an association between the dose of FVIII and

exposure disappeared after adjustment for intensive treatment.7

inhibitor development. However, this link lessened after adjustments
for other confounding factors were made. Biological evidence

Type of Factor Used

indicates that a higher dose of FVIII will lead to an increased risk

The potential difference between products was first noted with the

of inhibitor development.29 Major injuries and surgeries cause tissue

introduction of virus-inactivated concentrates.33,34 With the introduction

damage and inflammation. Damaged cells from injured areas send

of recombinant FVIII (rFVIII), the focus has shifted to differences between

‘danger signals’, which activate FVIII antigen-presenting cells,

these products and plasma-derived FVIII (pdFVIII). However, studies with

upregulating co-stimulatory signals to T lymphocytes. Both FVIII-

both pdFVIII and rFVIII in previously untreated patients have produced a

expressing antigen-presenting cells and T lymphocytes enhance the

large range of inhibitor development rates. Moreover, retrospective

formation of antibodies to FVIII in B lymphocytes.

studies comparing pdFVIII and rFVIII have produced conflicting results.
Goudemand et al. reported that rFVIII was associated with a higher risk

Prophylaxis Treatment

of inhibitor development compared with high-purity pdFVIII, regardless of

There is increasing evidence that prophylaxis regimens reduce the risk of

other risk factors.6 This is in contrast to findings from the recent CANAL

inhibitor development compared with bolus on-demand treatment in terms

study, which showed that there was no significant difference in the risk

of exposure to FVIII.30 A recent study reported that 78% of previously

of inhibitor development between patients who received the pdFVIII and

untreated children with severe haemophilia A treated with on-demand FVIII

patients treated with rFVIII.35 These results highlight the difficulty in

replacement developed inhibitors compared with 0% in the prophylaxis

directly comparing data from retrospective studies due to confounding

group. Owing to the similarities in terms of of genetic mutations and age

factors such as differences in study design, the inherent heterogenicity of

in the prophylaxis and on-demand groups, the authors concluded that

concentrate design, inhibitor diagnostics and diagnostic intervals.

16

on-demand therapy represents a clear risk factor for the development of
inhibitors. Further support for the use of prophylaxis in children with severe
haemophilia A came from a study evaluating environmental risks for the
development of inhibitors in children with moderate to severe haemophilia

There is increasing evidence that

A.31 A univariate analysis was used to demonstrate that commencing

prophylaxis regimens reduce the risk of

prophylaxis before the age of 35 months carried an inhibitor risk of 28%

inhibitor development compared with

compared with a 56% risk in patients treated with on-demand therapy.
The protective effect seen from use of prophylaxis remained significant
after adjustments for genetic and environmental factors. The results of this

bolus on-demand treatment in terms of
exposure to factor VIII.

study support the use of prophylaxis in children, even in those with a high
risk of inhibitor development.
More recently, it was reported that inhibitor development was lower in
The ‘danger theory’ of tolerance proposes that the immune system

haemophilia A patients treated with a high-purity pdFVIII product

responds to danger signals from both exogenous and endogenous

containing von Willebrand factor (vWF) compared with those treated with

sources. If an antigen is not itself perceived as dangerous and no other

rFVIII.36 However, it is unclear whether the brand of product or the high-

danger signals – such as cell necrosis or tissue injury – are present,

purity nature of the pdFVIII used accounts for the lower incidence of

tolerance normally occurs rather than an immune response. Thus,

inhibitor development. In the CANAL study, patients treated with pdFVIII

theoretically, a prophylactic regimen may offer a protective effect since

products containing small concentrations of vWF had a lower incidence of

the patient is treated in the absence of any additional danger signals,

inhibitors, although the patient number was too small to confirm this

32

whereas on-demand administration of FVIII may be perceived as

finding.35 It has been suggested that vWF may protect FVIII from

dangerous due to danger signals from ongoing bleeding episodes or

circulating antibodies by altering antibody epitopes on the C2 domain.37–39

during physiological stress such as surgery.

It has been reported that mice treated with FVIII alone developed higher
peak inhibitors compared with those treated with FVIII containing vWF.40

Other Treatment-related Factors

However, it should be noted that the validity of the FVIII exon 17 knockout
mouse model utilised in the study has been questioned. It has been argued

Age at First Exposure

that the vWF/FVIII combination may have induced a dual immunogenic

Age at first exposure as an independent risk factor has been a subject of

challenge in the murine model, resulting in antigenic competition that

much debate. While early studies have reported a link between the

could have suppressed the immune response to FVIII.41

development of inhibitors and the age at which children start FVIII
treatment,15,19 when genetic factors are taken into account the

Although it was previously suspected that there might be an impact on

differences are not statistically significant.

In the CANAL cohort study,

inhibitor development, evidence from large-scale studies shows that

the risk of inhibitor development in patients treated with FVIII before the

there was no conspicuous increase in inhibitor development when

first month of age was 41% compared with 18% in those who started

patients were switched between different products during treatment.

FVIII treatment after the age of 18 months.18 However, once again the

The recent CANAL study examined whether changing between FVIII

link between inhibitor development and age at first exposure became

products altered inhibitor risk in 316 previously untreated patients with

insignificant after accounting for other factors such as ethnicity, gene

severe haemophilia A.35 No difference was noted in patients who had

31
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been switched to different products during treatment. This result

Numerous patient-related risk factors are thought to be associated with

confirms previous findings in 73 haemophilia patients where the ratio for

inhibitor development. For example, a family history of inhibitor

switching to another product or remaining on the same product was

development and the presence of specific gene mutations have been

0.4.42 Similarly, no increased risk of inhibitor development has been

linked to a higher risk of inhibitors. Also, the presence of inhibitors in

reported after switching FVIII products in previously treated patients.

African-Americans has been reported to be twice that in Caucasians.

43,44

There are also treatment-related risk factors: in several studies a highintensity treatment regimen was reported to increase the risk of inhibitor
development. Prophylaxis has been found to reduce the development of

Prophylaxis has been found to

inhibitors and is recommended for children with severe haemophilia A.

reduce the development of inhibitors

further study. Some studies report that rFVIII has a significantly higher risk

and is recommended for children

of inhibitor development compared with pdFVIII, while others report no

The effect of the individual factor used on inhibitor incidence needs

significant risk. Moreover, individual FVIII concentrates have been

with severe haemophilia A.

associated with a wide range of inhibitor development rates. It is yet to
be confirmed whether FVIII product choice in general has a significant
effect on the development of inhibitors in previously untreated patients.
Current evidence points to the development of inhibitors as a

Summary

multifactorial process that both is polygenic and involves several

The development of inhibitors in children with haemophilia A presents a

environmental factors. Further investigation will help to better define the

major problem in terms of both the cost and the success of treatment.

interactions between these risk factors and immune responses. ■
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