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Abstract
Inhibitors are the most serious side effect of haemophilia treatment; they occur in 25–30 % of all patients with
severe haemophilia A. Over the last 2 decades, conflicting data on the impact of clotting products have been
published.
Due to small studies of selected cases, appreciation of the impact of any particular product has been difficult.
Moreover, the emphasis on inhibitor testing has led to increased detection of low-titre inhibitors (to >10 %), while
the percentage of high-titre inhibitors is still around 20 %.
Other non-genetic risk factors, such as dosing and intensive treatment, are able to increase individual inhibitor risk.
Early prophylaxis might reduce inhibitor risk. Well-defined large PUP studies including products should be
considered. This can only be achieved in collaboration with all stakeholders.
In conclusion, while the impact of FVIII products on inhibitor development is large, presently the actual impact of
any specific product is unclear.
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Background
The development of inhibitory antibodies in severe
haemophilia A is the major side effect of treatment. In
patients with severe haemophilia A, 25–30 % will develop antibodies [1, 2]. From the start, the direct correlation between the infusion of factor VIII and the
development of these allo-antibodies has clearly linked
factor VIII products to inhibitors. The risk to develop
inhibitors is directly correlated to the number of exposure days; they develop mainly in the first 50 exposure
days (EDs). Especially during the first 20 EDs there is a
steep rise, with 50 % of the inhibitors having developed
at 14–15 EDs [1, 2].
The availability of clotting products has an important
impact on treatment strategies and the age prophylaxis
is started. Plasma products were scarce in the seventies
and eighties and prophylaxis was only introduced in
countries such as Sweden and The Netherlands [3, 4].
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Over the years these countries recognised that an early
start was crucial and they started prophylaxis at 1–2
years. In countries still using episodic treatment, inhibitors were often diagnosed in adults after many years of
treatment. In the eighties with the fear of HIV, inhibitors
did not gather much attention, as physicians and patients were very careful in their dosing and in many
countries prophylactic treatment was still not introduced
[5]. After the large problems with viral pathogens transmitted through plasma products, the introduction of recombinant products in the early nineties made it
possible to treat a new generation of children with
haemophilia with recombinant products without the fear
of transmitting pathogens. In the early nineties, an outbreak of inhibitors occurred in adult patients who were
treated for more than 150 EDs [6, 7]. This unusual event
urged the regulators to ask for stringent studies in previously untreated children (PUPs). In the past no formal
PUP studies with locally produced plasma products were
performed. In clinical trials frequent testing for inhibitors was mandatory. Single positive laboratory tests in a
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patient were reported as inhibitors [8]. The high inhibitor results in the first PUP studies with recombinant
products led to the discussion whether a higher risk for
inhibitors existed with recombinant products as compared to plasma products. In the next paragraph the
most important factors influencing the comparison of
different studies are discussed.

Review
Risk factors for inhibitor development

In the last decade many new risk factors for inhibitor
development have been recognised. It is now commonly
accepted that inhibitor development is influenced by
multiple risk factors [9]. In general, these factors can be
divided in genetic and non-genetic risk factors. After
genetic analysis of the F8 gene became available, a clear
correlation was demonstrated between high-risk F8 gene
mutations and inhibitor development [10, 11]. The importance of the causative mutation is further established
in a recent meta-analysis in severe haemophilia A by
Gouw et al. [12]. This confirmed that the inhibitor risks
in patients with large deletions were five times higher
than for nonsense mutations. However patients with intron 22 inversions had an average risk.
Another study that shed new light on the impact of
the FVIII gene was the Insight study [13]. In this large
international study including patients with mild haemophilia, the overall risk for inhibitors clearly increased in
patients with more EDs. The inhibitor risk doubled between 50 and 100 EDs to > 13 %, which is much higher
than previously reported [13].
Afro-American ethnicity was correlated with up to
50 % risk; but this needs to be confirmed in larger
studies [11].
Studies on polymorphisms in immune regulatory
genes explored a more mechanistic approach between
genetic and non-genetic risk factors [9]. Especially T-cell
responses are important, but their exact role has been
difficult to establish due the small number of inhibitors
in studies.
Products

The best studied non-genetic risk factor is the product used for treatment during the first 50EDs. Wight
and Paisley concluded in their 2003 review that the
risk for plasma products was lower [14]. From that
time onwards, many meta-analyses were performed
on newly published studies [15–17]. Overall, a lower
risk for class plasma products was concluded, although the risk difference decreased over the years
[17]. Several academic groups recognised the shortcomings in the different study designs and the importance to collect large amounts of data from many
different products [18, 19]. Large observational cohort
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studies using the same definition for inhibitors did
not confirm a difference in inhibitor risk between
class plasma and class recombinant products [2, 19].
A very important non-genetic risk factor is the effect
of high dosing and intensive treatment [20–24]. Studies
have demonstrated that inhibitor risk can increase trice
during periods of peak treatment. In the meantime, the
increased availability of products and the small vial sizes
of recombinant products made it much easier to increase dosing in small children.
The potential role of von Willebrand factor (VWF) as
an immune protective chaperone for FVIII is not clear,
but it may act through antigenic competition and/or by
reducing endocytosis of the FVIII molecule in a dosedependent manner, thereby preventing activation of immune effectors [24].
An unexpected observation was a higher inhibitor
risk for a specific second generation recombinant
product [19]. This observation was confirmed in two
other independent studies [25, 26]. The strengths of
these studies are that they included all eligible patients and followed them until at least 50EDs and
that they all used the same definition for clinically
relevant inhibitors. This gives a more appropriate
overall risk and enables comparison between products. A weakness is that not all inhibitor samples are
confirmed in a central laboratory, which could lead to
misdiagnosis in low-titre inhibitors.
To give a definitive answer about whether there is a
risk difference between class plasma and class recombinant products, the SIPPET study was performed a randomised controlled study between class plasma and class
recombinant products in circa 250 PUPs with severe
haemophilia A [27]. It was concluded that plasma products had a significantly lower risk than recombinant
products [27]. Although the RCT design is the most
preferable one for comparison of 2 products or 2 strategies, it is debatable what the outcome of this study
means for the current choice of products.
The first non-genetic risk factor that was determined was the age at first exposure to FVIII [28].
Start of treatment before 6 months of age significantly
increased the risk. This association could be largely
explained by early, intensive treatment for major
bleeds and surgery [2, 29]. Another very interesting
observation was the lower inhibitor risk in patients
who received prophylaxis from an early age onwards
[2, 29]. During prophylactic treatment, patients are
exposed to factor VIII in the absence of intensive
treatment and tissue damage. While several studies
have confirmed the effect, the difference in study design and the short period until inhibitor development
presently hinders a definitive conclusion regarding the
preventive effect of prophylaxis [30].
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Impact of inhibitor testing

The definition of inhibitors was historically based on the
lack of response to treatment. Bleedings were unresponsive and the clinical symptoms pointing at an inhibitor
were confirmed by a positive Bethesda assay. After the
introduction of recombinant products and the results of
the clinical PUP studies that reported inhibitors in 25–
35 % of PUPs, regular testing to detect inhibitors became
the norm. Nowadays it is recommended to test at least
every 3 months for inhibitors during the first 50 EDs
[31]. In a large study, the PedNet group divided all PUPs
according to 5-year birth cohorts [32]. Over a 20-year
period, inhibitor titres over a 20-year period where investigated in 926 PUPs with severe haemophilia. The
strength of the study is that the same definition of inhibitors is used and that all patients were followed until 50
EDs. The total inhibitor incidence increased from 19.5 %
in 1990–1994 to 30.9 % in 2000–2004 (p 0.011). This
was solely due to the detection of more low-titre inhibitors, increasing from 3.1 % to 10.5 % (P = 0.009) [32].

Discussion
Inhibitor development is currently the most serious side
effect of the treatment with clotting factor products. It is
caused by the interplay of many risk factors [9]. Since inhibitors only develop after treatment has been started, a
direct correlation with the type of clotting product was
expected. In the early 1990s the awareness for inhibitors
has increased after the outbreak of inhibitors on certain
plasma products [6, 7]. At the same time recombinant
products were registered according to stringent procedures, and authorities demanded frequent testing for inhibitors [8]. The coincidence of these occurrences has
probably led to the assumption of a higher risk for recombinant products.
To rule out any confounding factors, the SIPPET study
was performed [27]. This study found a higher risk for
recombinant products. Since the study was performed
mostly in other geographical areas and was prematurely
stopped, the impact on future treatment choice is
unclear. EMA and FDA have taken the results seriously
and requested to review all data (http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_documen
t/Factor_VIII_31/Procedure_started/WC500209984.pdf ).
From a pharmacological point of view it is doubtful if a
comparison between class products will lead to clinically
meaningful results. Products are all different and the effects of any product should be investigated separately.
Factors that may influence the results of studies are
numerous. The most important factors are the small
numbers of subject in many studies. It is clear that at
the time of marketing authorisation, the safely profile of
clotting products is not completely clear. Especially for
immunogenicity, large data in PUPS needs to be
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collected. The World Federation of Hemophilia has acknowledged this and introduced templates for data collection to be used by haemophilia centres [33]. It is
especially advisable that centres collect data on all PUPs
with severe and moderate haemophilia and share the results. There is even a larger need with all the new products that will be marketed. Independent comparison of
products is only possible when the data collected is similar and includes all confounding factors.
The importance of central testing is clear; it can
largely reduce laboratory variations. It has to be weighed
against missing samples in small children, which will
affect the outcome of studies as well. The emphasis has
been too much on the single laboratory tests. Other factors should be included as well, such as reduced recovery and clinical signs of bleeding. The definition of a
clinical important inhibitor, excluding single positive laboratory tests, has been proven to be of great importance. Overall more low-titre inhibitors have been
detected [8, 32]. Interestingly, many of the on-going
large prospective observational studies, despite not having performed central testing, still have found very similar results for high-titre inhibitor incidences [2, 18, 19].

Conclusion
In conclusion, inhibitor development is a major side
effect of treatment. All current products have an unacceptable high risk for inhibitors and large international
collaborations are needed to Improve the mechanism of
inhibitor formation.
Key points
 High titre inhibitors should be the primary outcome
 Currently all factor VIII products have a large risk of

inhibitor development
 Further studies are needed to confirm a lower risk

for any particular FVIII product
 Large international collaborations between all

stakeholders should address the inhibitor problem
Declaration
Publication fees for this article have been funded by APSTH 2016.
This article has been published as part of Thrombosis Journal Volume 14
Supplement 1, 2016. The full contents of the supplement are available at
https://thrombosisjournal.biomedcentral.com/articles/supplements/volume14-supplement-1.
Availability of data and materials
N/A.
Authors’ contributions
Written solely by the author.
Competing interests
The author declare that she has received unrestricted funding from Bayer,
Baxalta/ Shire, NOVO, Grifols, CSL, SOBI, Biogen no competing interests.

The Author(s) Thrombosis Journal 2016, 14(Suppl 1):31

Authors’ information
Director of the PedNet study group, Expert for the Blood Product Working
Party, Vice- president medical WFH.
Consent for publication
Yes.
Ethics approval and consent to participate
N/A.
Published: 4 October 2016
References
1. Peyvandi F, Garagiola I, Young G. The past and future of haemophilia:
diagnosis, treatments, and its complications. Lancet. 2016;388:187–97.
2. Gouw SC, van der Bom JG, Auerswald G, Ettinghausen CE, Tedgård U, van
den Berg HM. Recombinant versus plasma-derived factor VIII products and
the development of inhibitors in previously un-treated patients with severe
hemophilia A: the CANAL cohort study. Blood. 2007;109:4693–7.
3. Fischer K, Steen Carlsson K, Petrini P, Holmström M, Ljung R, van den Berg
HM, Berntorp E. Intermediate-dose versus high-dose prophylaxis for severe
hemophilia: comparing outcome and costs since the 1970s. Blood. 2013;
122:1129–36.
4. Nilsson IM, Berntorp E, Löfqvist T, Pettersson H. Twenty-five years’
experience of prophylactic treatment in severe haemophilia A and B. J
Intern Med. 1992;232:25–32.
5. Lee CA, Sabin CA, Phillips AN, Elford J, Pasi J. Morbidity and mortality from
transfusion-transmitted disease in haemophilia. Lancet. 1995;345:1309.
6. Rosendaal FR, Nieuwenhuis HK, van den Berg HM, Heijboer H, MauserBunschoten EP, van der Meer J, Smit C, Strengers PF, Briët E. A sudden
increase in factor VIII inhibitor development in multitransfusedhemophilia a
patients in the Netherlands. Dutch hemophilia study group. Blood. 1993;81:
2180–6.
7. Peerlinck K, Arnout J, Di Giambattista M, Gilles JG, Laub R, Jacquemin M,
Saint-Remy JM, Vermylen J. Factor VIII inhibitors in previously treated
haemophilia A patients with a double virus-inactivated plasma derived
factor VIII concentrate. ThrombHaemost. 1997;77:80–6.
8. Lusher JM. First and second generation recombinant factor VIII concentrates
in previously untreated patients: recovery, safety, efficacy, and inhibitor
development. Semin Thromb Hemost. 2002;28:273–6.
9. Astermark J. FVIII inhibitors: pathogenesis and avoidance. Blood. 2015;
125(20):5–51.
10. Oldenburg J, Pavlova A. Genetic risk factors for inhibitors to factors VIII and
IX. Haemophilia. 2006;12:15–22.
11. Miller CH, Benson J, Ellingsen D, Driggers J, Payne A, Kelly FM, Soucie JM,
Craig Hooper W, Hemophilia Inhibitor Research Study Investigators. F8 and
F9 mutations in US haemophilia patients: correlation with history of
inhibitor and race/ethnicity. Haemophilia. 2012;18:375–82.
12. Gouw SC, van den Berg HM, Oldenburg J, Astermark J, de Groot PG,
Margaglione M, Thompson AR, van Heerde W, Boekhorst J, Miller CH, le
Cessie S, van der Bom JG. F8 gene mutation type and inhibitor
development in patients with severe hemophilia A: systematic review and
meta-analysis. Blood. 2012;119:2922–34.
13. Eckhardt CL, van Velzen AS, Peters M, Astermark J, Brons PP, Castaman G,
Cnossen MH, INSIGHT Study Group, et al. Factor VIII gene (F8) mutation and
risk of inhibitor development in nonseverehemophilia A. Blood. 2013;122:
1954–62.
14. Wight J, Paisley S. The epidemiology of inhibitors in haemophilia A: a
systematic review. Haemophilia. 2003;9:418–35.
15. Iorio A, Halimeh S, Holzhauer S, Goldenberg N, Marchesini E, Marcucci M,
et al. Rate of inhibitor development in previously untreated hemophilia A
patients treated with plasma-derived or recombinant factor VIII
concentrates: a systematic review. J Thromb Haemost. 2010;8:1256–65.
16. Iorio A, Puccetti P, Makris M. Clotting factor concentrate switching and
inhibitor development in hemophilia A. Blood. 2012;120:720–7.
17. Franchini M, Coppola A, Rocino A, Santagostino E, Tagliaferri A, Zanon E,
Morfini M, Italian Association of Hemophilia Centers (AICE) Working Group.
Systematic review of the role of FVIII concentrates in inhibitor development
in previously untreated patients with severe hemophilia a: a 2013 update.
Semin Thromb Hemost. 2013;39:752–66.

Page 58 of 163

18. Fischer K, Lassila R, Peyvandi F, Calizzani G, Gatt A, Lambert T, Windyga J,
Iorio A, Gilman E, Makris M. EUHASS participants. Inhibitor development in
haemophilia according to concentrate. Four-year results from the European
HAemophilia Safety Surveillance (EUHASS) project. Thromb Haemost. 2015;
113:968–75.
19. Gouw SC, van der Bom JG, Ljung R, Escuriola C, Cid AR, Claessens-Donadel
S, van Geet C, Kenet G, Makipernaa A, Molinari AC, Muntean W, Kobelt R,
Rivard G, Santagostino E, Thomas A, van den Berg HM, PedNet and RODIN
Study Group. Factor FVIII products and inhibitor development in severe
hemophilia A. N Eng J Med. 2013;368:231–9.
20. Santagostino E, Mancuso ME, Rocino A, Mancuso G, Mazzucconi MG,
Tagliaferri A, Messina M, Mannucci PM. Environmental predictors for
inhibitor development in children with hemophilia A: a case–control study.
Br J Haematology. 2005;130:422–7.
21. Gouw SC, van den Berg HM, le Cessie S, van der Bom JG. Treatment
characteristics and the risk of inhibitor development: a multicenter cohort
study among previously untreated patients with severe hemophilia A. J
Thromb Haemost. 2007;5:1383–90.
22. Maclean PS, Richards M, Williams M, Collins P, Liesner R, Keeling DM, Yee T,
Will AM, Young D, Chalmers EA, Paediatric Working Party of UKHCDO.
Treatment related factors and inhibitor development in children with severe
haemophilia A. Haemophilia. 2011;17:282–7.
23. Eckhardt CL, van der Bom JG, van der Naald M, Peters M, Kamphuisen PW,
Fijnvandraat K. Surgery and inhibitor development in hemophilia A: a
systematic review. J Thromb Haemost. 2011;9:1948–58.
24. Dasgupta S, Repesse Y, Bayry J, et al. VWF protects FVIII from endocytosis by
dendritic cells and subsequent presentation to immune effectors. Blood.
2007;109:610–2.
25. Calvez T, Chambost H, Claeyssens-Donadel S, d’Oiron R, Goulet V, Guillet
BHéritier V, Milien V, Rothschild C, Roussel-Robert V, Vinciguerra C,
Goudemand J, FranceCoag Network. Recombinant factor VIII products and
inhibitor development in previously untreated boys with severe hemophilia
A. Blood. 2014;124:3398–408.
26. Collins PW, Palmer BP, Chalmers EA, Hart DP, Liesner R, Rangarajan S, Talks
K, Williams M, Hay CR, UK Haemophilia Centre Doctors’ Organization. Factor
VIII brand and the incidence of factor VIII inhibitors in previously untreated
UK children with severe hemophilia A, 2000–2011. Blood. 2014;124:3389–97.
27. Peyvandi F, Mannucci PM, Garagiola I, El-Beshlawy A, Elalfy M, Ramanan V,
Eshghi P, et al. A randomized trial of factor VIII and neutralizing antibodies
in hemophilia A. N Engl J Med. 2016;374:2054–64.
28. Chalmers EA, Brown SA, Keeling D, Liesner R, Richards M, Stirling D, Thomas
A, Vidler V, Williams MD, Young D, Paediatric Working Party of UKHCDO.
Early factor VIII exposure and subsequent inhibitor development in children
with severe haemophilia A. Haemophilia. 2007;13:149–55.
29. Gouw SC, van den Berg HM, Fischer K, Auerswald G, Carcao M, Chalmers E,
PedNet and Research of Determinants of Inhibitor development (RODIN)
Study Group, et al. Intensity of factor VIII treatment and inhibitor
development in children with severe hemophilia A: the RODIN study. Blood.
2013;121:4046–55.
30. Auerswald G, Bidlingmaier C, Kurnik K. Early prophylaxis/FVIII tolerization
regimen that avoids immunological danger signals is still effective in
minimizing FVIII inhibitor developments in previously untreated patients–longterm follow-up and continuing experience. Haemophilia. 2012;18:e18–20.
31. Fischer K, Ljung R, Platokouki H, Liesner R, Claeyssens S, Smink E, van den
Berg HM. Prospective observational cohort studies for studying rare
diseases: the European PedNet Haemophilia Registry. Haemophilia.
2014;20:e280–6.
32. van den Berg HM, Hashemi SM, Fischer K, Petrini P, Ljung R, Rafowicz A,
Carcao M, Auerswald G, Kurnik K, Kenet G, Santagostino E. PedNet Study
group. Increased inhibitor incidence in severe haemophilia A since 1990
attributable to more low titre inhibitors. Thromb Haemost. 2016;115:729–37.
33. Srivastava A, van den Berg HM. Standardizing patient outcomes
measurement to improve hemophilia care. Haemophilia, in press.

