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Modern haemophilia care
Erik Berntorp, Amy D Shapiro

Haemophilia care has undergone substantial improve ments during the past 40–50 years. Early clotting factor 
concentrates were not suffi  ciently refi ned to enable self-administered treatment at home until the 1970s. Unfortunately, 
these advances led to transmission of viral diseases including HIV and hepatitis, resulting in an increased burden of 
morbidity and mortality, especially during the 1980s. Throughout the past two decades, product development, 
including the advent of recombinant concentrates, has greatly improved the safety and availability of therapy and the 
focus of care is shifting towards prevention and management of disease sequelae. Long-term substitution therapy 
(prophylaxis) of the missing clotting factor is the recommended treatment in severe haemophilia, but several research 
issues remain to be elucidated such as when to start and how to optimise these regimens, and when or whether to 
stop this expensive treatment. The major side-eff ect of treatment, development of inhibitors to the infused concentrate, 
is the main threat to the health of patients and consequently the goal of intense research. Development of new 
products with improved pharmacokinetics is the next step to improved therapy.

Introduction
Haemophilia A and B are hereditary X-chromosomal 
recessive disorders caused by defi ciency or absence of 
coagulation factors VIII (encoded by F8) or IX (encoded 
by F9), respectively. The disorders are classifi ed into three 
categories according to the coagulation factor activity 
present in blood: severe (<1%), moderate (1–5%), or mild 
(>5% to <40%).1 Although these categories defi ne overall 
bleeding manifestations, clinical phenotype varies within 
each group. Haemophilia A is four-times more common 
than haemophilia B, with about 35% of patients aff ected 
with severe disease, 15% with moderate, and 55% with 
mild. Mild haemophilia can go unrecognised, depend-
ing on the coagulation factor activity and stressors 
experienced; as such, the proportion of mild haemophilia 
reported varies. The prevalence of haemophilia is 
commonly reported as one in 5000 in the male population 
and one in 10 000 overall; survey results show the 
prevalence of haemophilia A as about 11·2 cases per 
100 000 men and boys in all ethnic groups.2 The earliest 
documentation of haemophilia occurred in the fourth 
century Talmud and Rabbinic writings thereafter.3 
Haemophilia has been called a royal disease because 
Queen Victoria was a carrier4 of haemophilia B,5 and her 
descendants took this disorder to other royal families 
including those of Spain, Germany, and Russia.

The panel shows a comparison of haemophilia A and 
B. The hallmark haemophilic bleeding manifestation is 
haemarthroses, most frequent in severe disease with 
elbows, knees, and ankles most commonly aff ected. 
Repeated haemarthroses lead to arthropathy. The num-
ber of bleeding events that result in progressive cartilage 

and ultimate joint destruction is unknown; probably 
only a few haemarthroses initiate this patho logical 
process.6 Haemarthrosis occurs as often as 20–30 times 
a year in severe disease.7 The causative mechanism of 
haemophilia—defi ciency in factor VIII or IX—was 
recognised in the the 1950s,8 but concentrates for 
coagulation factor replacement did not become generally 
available until the 1960s. Early concentrates were not 
suffi  ciently refi ned to enable effi  cient self-administered 
treatment at home until the 1970s; how ever, home-based 
therapy with concentrates is still not uniformly avail-
able to all patients worldwide. The advances allowing 
increased ease of administration and accessible care 
also resulted in transmission of viral diseases including 
hepatitis and subsequently HIV infection, resulting in 
an increased burden of morbidity, especially during the 
1980s.9 Throughout the past two decades, product 
development, including the advent of recombinant 
concentrates, has greatly improved thera peutic safety 
and availability,10 resulting in an ability to focus care 
towards prevention of disease sequelae. Treatment goals 
have shifted towards making long-term prophylactic 

Search strategy and selection criteria

We searched PubMed using the search terms “haemophilia”, 
“prophylaxis”, “inhibitor”, “FVIII”, “FIX”. We focused on reports 
from the past 10 years; however, we have included a few 
older salient articles, reviews, and book chapters. The date of 
the last search was Feb 1, 2011.

Panel: Similarities and diff erences between haemophilias A and B

Similarities
• Increase in activated partial thromboplastin time
• Type of bleeding events, including haemarthroses
• Associated morbidity including arthropathy
• Inhibitor development
• Gene is on X chromosome

Diff erences
• Pharmacokinetics of coagulation factors 
• Frequency of occurrence (haemophilia A>haemophilia B)
• Proportion of patients in each level of severity 
• Mutations that cause the disorder (more point mutations in haemophilia B than in 

haemophilia A)
• Inhibitor development (more common in haemophilia A than in haemophilia B)
• Risk of associated issues with inhibitor development (anaphylactoid reactions and 

nephrosis recorded in B and uncommon in A)
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therapy for severe disease more accessible and cost-
eff ective, and towards prediction, prevention, and treat-
ment of inhibitor development. In this Review, we 
describe modern haemophilia care with special focus on 
prophylaxis and inhibitor treatment.

Principles to secure haemostasis
Bleeding events are treated by replacement of the defi cient 
coagulation factor to achieve activity adequate for 
haemostasis in all severity categories in haemophilias A 
and B. Treatment administered after occurrence of a 
bleeding event is termed on-demand, whereas prophy-
lactic therapy is administration of replacement therapy in 
the absence of bleeding. Treatment can be given as 
intravenous injection or continuous infusion, which can 
reduce concentrate consumption in connection with 
surgery.11 Effi  cient treatment requires use of coagulation 
factor concentrate; one exception is mild factor VIII 
defi ciency, for which administration of the synthetic 
vasopressin analogue desmopressin acetate increases 
plasma concentrations of coagulation factor VIII and von 
Willebrand factor two-to-six times through endogenous 
release. Desmopressin can be administered intravenously, 
as an intranasal spray, or subcutaneously.12 It is an attractive 
therapeutic option because it does not carry a risk of 
transmission of infectious diseases. Desmopressin is a 
widely used haemostatic agent—it has been used for bleed 
prevention with invasive procedures and for treatment of 
bleeding since the mid-1970s. Not all patients with 
haemophilia A achieve a haemostatic activity level with 
this drug. The clinical use depends on the post-treatment 
plasma factor VIII concentration, which generally depends 
on the patient’s baseline factor VIII activity. Antifi brinolytic 
drugs are useful to control bleeding after dental extractions 
and other mucocutaneous bleeds; simultaneous use of 
tranexamic acid and factor VIII increases clot resistance 
to fi brinolysis.13,14 Fibrin sealants promote haemostasis 
during surgery in patients with haemophilia and reduce 
the need for replacement therapy.15

Dosing strategies vary widely between providers and 
between countries and can depend on access to resources; 
in India far lower doses have been successfully used for 
haemostatic coverage, including surgery, than in Europe 
and North America.16,17 In view of the high cost of 
protocols used in developed countries, low-dose regimens 

warrant further exploration, including for long-term 
prophylaxis. Such regimens might be the most conser-
vative use of expensive medical resources, but they could 
put patients at increased risk of bleeding and associated 
complications; therefore large collaborative studies are 
needed to determine optimum dose strategies and for 
development of evidence-based guidelines.

Prophylaxis
The goal of prophylaxis is to reduce factor VIII or factor IX 
defi ciency and decrease spontaneous bleeding events. 
Prophylaxis can be administered as a long-term or 
short-term treatment. Therapeutic defi nitions have been 
delineated by professional groups both in Europe and in 
North America.18–22 The European Paediatric Network for 
Haemophilia Management defi nitions for prophylaxis 
are based on published work and expert opinion19 (table 1). 
Table 224–28 shows principal prophy lactic dosing schedules. 
Treatment regimens are usually tailored to individual 
patients’ needs and can change with time.

Prophylactic treatment on a broad scale began in 
Sweden during the 1950s, with Nilsson and colleagues24 
reporting 25 years of follow-up of 60 patients in 1992. The 
results were promising despite use of historical controls 
for comparison. Results of a subsequent comparison 
with a Norwegian cohort given on-demand treatment28 
showed that the on-demand group needed about four-
times more surgical interventions (arthrodesis, pros-
theses implantations, and synovectomies) and lost more 
days from work than the prophylaxis group. Results of a 
prospective, randomised trial of on-demand versus 
prophylactic therapy in children with severe haemophilia 
showed better musculoskeletal outcomes for the 
prophylactic group.29

The Netherlands has a long history with prophylactic 
regimens;30 the strategy there has diff ered from the 
Swedish approach with a later start (older age with history 
of several haemarthroses), lower dosing, and longer dose 
intervals resulting in decreased concentrate cost.25 Overall, 
Swedish regimens have been largely fi xed and targeted 
lowest activity levels of 1% or more, whereas Dutch 
regimens have been tailored to individual bleeding 
phenotypes. Results of a comparison31 of these regimens 
showed the median prophylaxis start times were 2 and 
5 years for the Swedish and Dutch cohort, respectively, 
with concentrate consumption twice as high in the Swedish 
cohort. Swedish patients had less yearly haemarthroses 
(Swedish mean 0·2 [IQR 0·0–0·3], Dutch 3·7 [1·7–5·0]). 
The Swedish cohort was without joint disease (measured 
by both clinical World Federation of Haemophilia32 and 
radiological Pettersson33 scores), whereas the Dutch cohort 
had a median World Federation of Haemophilia score of 1 
(range 0–2) and Pettersson score of 0 (range 0–5) with 54% 
having healthy joints by radiographic assessment. Thus, 
the more intensive and expensive higher-dose Swedish 
regimen almost abolished haemarthroses and arthropathy, 
and the intermediate-dose regimen had much the same 

Defi nition

Primary prophylaxis A Regular continuous treatment started after the fi rst joint bleed and before the 
age of 2 years

Primary prophylaxis B Regular continuous treatment before the age of 2 years without previous 
joint bleed

Secondary prophylaxis A Regular continuous (long-term) treatment started after two or more joint bleeds 
or at an age older than 2 years

Secondary prophylaxis B Intermittent regular (short-term) treatment, because of frequent bleeds

Table 1: Defi nition of prophylaxis according to European Paediatric Network for Haemophilia 
Management23
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short-term outcome. Because patients with haemophilia 
now have a near normal life-expectancy, extended follow-
up is needed to determine long-term outcomes and cost of 
these two regimens.

European treatment has tended towards primary prophy-
laxis, starting at an early age or before development of joint 
bleeding.18 Early start is probably important because it 
seems to be an independent predictor of future joint 
disease.34 Results of the prospective randomised ESPRIT 
trial35 showed that prophylaxis is more eff ective than on-
demand treatment, even when started later than typical 
primary prophylaxis. The challenge with early initiation 
(age 1–2 years) is one of venous access, and a central 
venous access device is needed in many cases.36,37 To 
overcome this drawback, several investigators have recom-
mended initiating therapy with once-weekly infu sion; 
although it is somewhat eff ective, the need for a central 
venous access device is not overcome and haemar throses 
are incompletely suppressed. Overall, these devices can 
produce very good results, but they do need a surgical 
procedure and have associated infection and thrombotic 
risk. Mancuso and colleagues38 have used arteriovenous 
fi stulas to treat children with haemophilia, but the long-
term eff ects are not well established despite promising 
results with 7 years of follow-up.

Issues with venous access and substantial variability in 
severe haemophilic phenotype,39–41 which result in wide 
age variation at fi rst haemarthroses, might contribute to 
overtreatment of, or unnecessary invasive procedures in 
some patients who start prophylaxis before the fi rst 
haemarthrosis. These issues are economically and 
socially important and were assessed in the Canadian 
Haemophilia-Dose-Escalation Prophylaxis Trial.27 The 
investigators concluded that most boys with severe 
haemophilia A have little early bleeding and good joint 
function with a tailored prophylactic approach, leading to 
less factor VIII consumption than with traditional 
regimens. However, nine of 25 (36%) children developed 
target joints (a joint subject to repeated bleeding episodes) 
in the short follow-up period. Therefore, these conclusions 
must be weighed in the context of the duration of follow-
up during which the arthropathy eff ects, including 
physical and social functioning and their associated cost, 
could not be recorded.

In clinical practice, most prophylactic regimens are 
tailored to individual patients’ needs. Methods to tailor 
regimens have included individual pharmacokinetics 
with computer-simulated doses and intervals to achieve a 
predetermined trough activity level.26,42 This tailoring has 
been accomplished and verifi ed in haemophilia A and B, 
with comparison of theoretical data against actual 
factor VIII and IX activity levels. Shorter intervals between 
administration of prophylaxis from two or three infusions 
per week to every other day theoretically reduces average 
factor VIII consumption by 43% with maintained or 
increased factor VIII trough activity levels; daily doses 
reduce mean factor VIII usage by 82%. Researchers 

implemented a modifi ed every-other-day dose regimen in 
a Swedish patient subset and the results supported the 
pharmacokinetic modelling26 and confi rmed the feasibility 
of the method to achieve desired troughs and associated 
decreased factor VIII con sumption. Therefore, doses 
based on pharmacokinetic principles lead to more cost-
eff ective use of expensive medical resources.

Table 2 shows what we believe to be the advantages and 
disadvantages of diff erent prophylactic regimens. The 
Canadian regimen, in its early steps based upon infusion 
interval, is the most convenient, whereas the ability to 
prevent bleeding and musculoskeletal disease is best 
achieved via the Swedish high-dose and pharmacokinetic 
tailored regimens. A potential limi tation of the pharma-
cokinetic daily infusion regimen is attenuation of peak 
activity levels and the eff ect on development of bleeding 
episodes. Further investigation of the ability to predict 
bleeding risk on the basis of peak and trough values is 
needed. Since factor concentrate consumption is lower 
for pharmacokinetic dosing regimens than for other 
dosing strategies, the associated cost is less. A balance 
between cost savings and the risk of breakthrough 
bleeding is needed to defi ne the optimum, but most cost-
eff ective, prophylactic regimen.

In countries with economies able to support prophy-
laxis, initiation in early childhood is the preferred 
treatment in severe haemophilia. Opinions diff er about 
when to start, appropriate dose and interval, and if, or at 
what age prophylaxis might be safely changed to an on-
demand regimen. Ideally, prophylaxis in haemophilia 
should be regarded as a therapeutic replacement 
intervention for a congenital defi ciency that continues 
throughout an individual’s life. However, economic and 
practical issues hinder this approach throughout most 
of the world. For availability and use of prophylaxis 
to increase, improved intravenous access devices or 
alternative delivery methods, less expensive replacement 
products, and an improved understanding of how to 
assess the long-term eff ects of bleeding will be needed. 
Results of one study29 showed that joint disease can occur 
without clinically evident haemarthrosis. There fore, 
long-term assessment of prophylactic outcome is 

Dosing principle Convenience Effi  cacy Cost

Dutch regimen 
(intermediate dose)26

15–25 IU/kg
Start early after occurrence of joint bleeds

+/– + –/+

Traditional Swedish regimen 
(high dose)25

25–40 IU/kg
Start before joint bleeds

+/– ++ – –

Pharmacokinetic (Swedish) 
dosing27

Individualised from high-dose by reducing 
dose interval and total dose

– +++ +++

Canadian regimen 
(dose escalation)28

50 IU/kg weekly
Intensify stepwise depending on 
bleeding frequency
Start early after occurrence of joint bleeds.

+ + +

+=superior. –=inferior.

Table 2: Main dosing strategies for long-term prophylaxis
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important, and suffi  ciently sensitive assessment methods 
are needed. This issue is being addressed by several 
groups including the International Prophylaxis Study 
Group43–51 who have focused on development of scoring 
systems incorporating physical examination, radiography, 
and MRI, and include measures of economic eff ect and 
quality of life.

While researchers generally agree that prophylaxis 
should be started early, there is less consensus regarding 
whether or when to stop. In a study from the Netherlands 
and Denmark,52 80 patients with severe haemophilia 
were assessed with data for prophylaxis discontinuation, 
treatment, haemarthrosis frequency, and clinical and 
radiological scores. The investigators concluded that a 
third of young adults with severe haemophilia treated 
with a prophylactic regimen discontinued prophylaxis 
in early adulthood and maintained a low joint-bleed 
frequency and similar scores for arthropathy after 
4 years to those who continued prophylaxis. Although it 
provided important early data, this study was not 
prospective or randomised and the follow-up was too 
short for adequate assessment of the long-term outcome 
of prophylaxis cessation.

Success of available therapies has resulted in a grow-
ing population of ageing individuals with haemophilia; 
although this outcome is clearly desired and indicative of 
improved care, new challenges are emerging for manage-
ment of age-associated morbidities. In a large UK study,53 
all-cause mortality in patients without HIV exceeded 
mortality in the general population by a factor of 2·69. 
However, for ischaemic heart disease, mortality was lower 
than in the general population, although this fi nding was 
not corroborated by results of another study.54 Several 
groups have suggested methods for haemostatic treatment 
during age-related comorbidities, but well-designed 
studies to provide evidenced-based guidelines for such 
management are not yet available.55–58

Advances in the development of coagulation factor 
replacement products have continued, including develop-
ment of proteins with longer half-lives. Techniques 
include pegylation59—results from studies with pegylated 
liposomes in people have been reported60–63—polysialic 
acid,64 albumin fusion,65 and Fc fusion.66 In addition to 
reported results with pegylated liposomes, clinical trials 

are continuing with both factor VIII and factor IX with 
pegylated molecules or molecules fused to the Fc receptor. 
Products with longer half-lives have the potential to 
facilitate prophylactic regimens and this treatment will 
be assessed in the future.

Inhibitors
Development
Haemophilic inhibitors are alloimmune antibodies 
directed against epitopes of the defi cient coagulation 
factor. These antibodies can greatly change the pharma-
cokinetics of replacement therapy, and other products 
might be needed to achieve haemostasis, depending on 
type and titre. Inhibitors can be neutralising (they bind 
and neutralise endogenously administered replacement 
therapy) or non-neutralising. Neutralising antibodies are 
measured in the Bethesda coagulation assay.

Inhibitors develop in about 30% of patients with severe 
haemophilia A and up to 5% of those with severe 
haemophilia B;67 researchers have reported a broad range 
of inhibitor incidence and prevalence (table 3).68–70 Various 
issues might aff ect inhibitor development, including type 
of haemophilia, extent of defi ciency, specifi c genetic 
mutation, race, immune response genes, and environ-
mental factors. These factors include the type of replace-
ment therapy used (plasma derived vs recombinant, 
intermediate vs high purity products, specifi c type of 
recombinant product representing diff erent factor VIII 
polymorphisms), treatment regimen (prophylaxis vs on-
demand), and age at start of treatment.71–74

Whether recombinant products are more immunogenic 
than plasma-derived concentrates, especially those with 
intact von Willebrand factor, is a topic of much debate.75–77 
Despite this active discussion, available evidence is of 
low quality. Only prospective, well-designed clinical trials 
will provide a defi nitive answer. Other genetic and non-
genetic potential or established risk factors for inhibitor 
development have been studied, especially in factor VIII 
defi ciency. The specifi c F8 mutation is a decisive risk 
factor.78 Certain polymorphisms in the genes for tumour 
necrosis factor α and interleukin 10 seem to increase 
inhibitor risk, whereas those in cytotoxic T-lymphocyte 
antigen 4 exert a protective eff ect79–81 and an association 
with HLA class II molecules has been identifi ed.82

Matzinger83 has explained the immune response 
leading to inhibitor development in the context of danger 
theory, meaning that perceived physical danger takes 
higher priority than the concept of self versus non-self. 
For example, in a patient with an at-risk genetic 
background (ie, F8 null-mutation and risk mutations in 
immune response genes) the addition of danger signals 
evoked by an infl ammatory response (eg, infection, 
surgery, vaccination, or large doses of factor VIII) could 
elicit an immune response culminating in inhibitor 
development. However, this theory is only one possible 
hypothesis and is not universally accepted.84 Non-
neutralising antibodies are not easily or uniformly 

Severe 
defi ciency

Moderate-mild 
defi ciency

Haemophilia A (factor VIII) ~25–30% ~3–13%

Haemophilia B (factor IX) ~5% <3%

Inhibitor development in haemophilia B can be associated with an increased 
frequency of anaphylactoid reactions.68–70 Immune tolerance induction in factor IX 
defi ciency can be associated with development of nephrosis, especially in patients 
who have a history of reactions.3 The development of non-inhibitory binding 
antibodies that can aff ect the pharmacokinetics of infused replacement therapy 
has been reported in haemophilia A but not in haemophilia B.3

Table 3: Overall inhibitor development in haemophilia A and B
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measured, and are therefore not well described.68 They 
have been investigated in a few studies, but their clinical 
relevance is not clearly defi ned. Some investigators have 
proposed that the biological half-life of exogenous protein 
might be aff ected, but further investigation is needed.85,86

Haemophilia is a rare disease, and inhibitor develop-
ment occurs in a subset of patients; clinical trials to 
inform care with treatment strategies to avoid this 
sequela are therefore diffi  cult. Avoidance of intensive 
replacement therapy when concomitant potential danger 
signals such as infections or vaccinations occur seems 
plausible, with implementation of prophylaxis to prevent 
infl ammatory reactions due to bleeding episodes. 
Insuffi  cient evidence is available to support an association 
between pregnancy-related issues, breastfeeding, and 
treatment-related factors (eg, route of administration, or 
use of blood components) and inhibitor development.87 
On the basis of present knowledge, detailed recom-
mendations cannot be proposed.

Treatment
An important goal in inhibitor treatment is whenever 
possible to render the immune system tolerant to 
exogenous factor VIII or IX (immune tolerance induction) 
so that treatment is reverted to that of a patient without 
inhibitors. Additionally, eff ective haemo static therapy for 
acute bleeding or bleed prevention before interventions 
is needed. A third goal is bleed prevention through 
prophylaxis, although in this setting, prophylaxis is not 
done via replacement of the defi cient coagulation factor.

Well-designed studies to provide high-quality evidence 
to support one or discriminate between two immune 
tolerance induction protocols are diffi  cult to do. The most 
well-known and used regimen is the Bonn protocol.88 

Table 488–91 shows present regimens, including both low-
dose and high-dose strategies, and those with immune 
modulation. Some investigators have modifi ed immune 
tolerance induction regimens. Several systematic reviews 
of such protocols and associated outcomes have been 
reported,92–96 including the role of concentrates containing 
von Willebrand factor in successful treatment.97 Outcomes 
diff er between studies and regimens cannot easily be 
compared; these cohort studies include non-comparable 
groups of patients, defi nitions of success diff er, and no 
head-to-head comparisons are available. In the studies we 
cite in table 4, the low-dose regimen was successful in 
21 of 24 patients within 0·5–28 months (median 1 year); 
the high-dose regimen was successful in 46 of 52 patients 
within 1·8–103·2 months (median 14·1 months); and the 
high-dose plus immunosuppression protocol was success-
ful in nine of 11 patients within 0·5–0·75 months.89 

International, national, and North American immune 
tolerance induction registries have been developed. From 
these registries, high-dose protocols seem more eff ective 
than low-dose regimens,93 but their cost eff ectiveness is 
a matter of debate. Therefore, the fi rst international, 
prospective randomised immune tolerance induction 

study began in late 200298 to address this issue in so-called 
good-risk patients with inhibitors (those with an increased 
chance of achieving tolerance defi ned as a historical peak 
titre of 5–200 Bethesda units [BU]). The study was pre-
maturely closed in 2009 for reasons of safety, specifi cally 
increased bleeding frequency in the low-dose group. 
Detailed publications of this important study are awaited.

Acute bleeds
Treatment of acute bleeds in patients with inhibitors is 
based on inhibitor type and titre and severity of the 
bleeding episode. Inhibitors are divided into categories 
according to the highest peak activity level obtained and 
the increase in inhibitor titre after exposure (anamnesis). 
High-responding inhibitors have a titre of 5 BU or more 
at any time, low-responding inhibitors have a titre less 
than 5 BU despite repeated stimulation. Patients with 
low-responding inhibitors are usually treated with high 
doses of clotting factor suffi  cient to overcome the inhibitor 
titre and achieve a haemostatic activity level of the 
defi cient coagulation factor. High-responding inhibitors 
are treated with products designed to bypass the inhibitor 
presence and achieve haemostasis through an alternative 
route; these products are termed bypassing agents.

The two main bypassing agents are recombinant 
factor VIIa and activated prothrombin complex concen-
trates. The quality of scientifi c evidence from studies of 
these products is generally low because recruitment of 
these rare patients is inadequate, and masked, prospective 
randomised studies in these patients are very diffi  cult to 
organise. The FENOC study95 was a randomised crossover 
trial comparing these products, in which researchers 
assessed haemarthroses in 48 inhibitor patients using 
each product for one treatment episode. Statistical 
bioequivalence was not achieved because the trial was 
underpowered and therefore the results were incon-
clusive. However, both products were effi  cacious and 
provided haemostatic control for most haemarthroses. 
The investigators recorded a high discordance especially 
during the early course of a bleed, meaning that one 
product seemed to have an improved eff ect compared to 
the other in individual patients; this result could be 
indicative of biological diff erences in patients that might 
be important in choice of product.

Several randomised studies followed the FENOC 
study,99 comparing either products or dosing. Young 
and colleagues100 studied three groups assigned masked 

Dosing regimen

Low-dose (Dutch)90 25 IU/kg factor VIII daily or 2–3 times per week

High-dose (Bonn)88,91 100 IU/kg factor VIII and 50 IU aPCC/kg twice a day

High-dose plus 
immunosuppression (Malmö)89

Protein A adsorption if inhibitor >10 BU, hydrocortisone, cyclophosphamide, 
intravenous immunoglobulin, factor VIII high-dose 4–6 times daily

aPCC=activated prothrombin complex concentrate. BU=Bethesda unit.

Table 4: Main regimens for immune tolerance induction in haemophilia A with inhibitors
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treatment for recombinant factor VIIa; recombinant 
factor VIIa 90 μg/kg every 3 h for three doses, one dose of 
270 μg/kg recombinant factor VIIa with two placebo 
doses, or one dose of activated prothrombin complex 
concentrate 75 U/kg. 21 patients completed the study; 
the need for rescue medication was signifi cantly increased 
after treatment with activated prothrombin complex 
concen trate, but using a new non-validated global 
assessment score the investigators recorded no diff er-
ence between the recombinant factor VIIa treatments. 
Santagostino and colleagues101 did a study in 18 patients 
who were randomly assigned to three recombinant 
factor VIIa doses of 90 μg/kg every 3 h or 270 μg/kg 
admin istered as one dose. Effi  cacy was assessed by 
requirement for additional haemostatic therapy within 
9 h of the fi rst administration of trial product, and with a 
diff erent global haemostatic score from that used by 
Young and colleagues.100 Santagostino and colleagues101 
concluded that both regimens were equally eff ective, with 
the single dose preferable for its convenience. In a 
randomised, masked crossover study, Kavakli and 
colleagues102 com pared the effi  cacy of two recombinant 
factor VIIa dosing strategies in haemarthroses, using the 
same global assessment score as Young and colleagues. 
24 patients, of whom 22 received at least one of the 
treatment regimens, were randomly assigned to receive 
either 270 μg/kg followed by two placebo injections, or 
three doses of 90 μg/kg at 3 h intervals. Eff ectiveness was 
90·5% and 85·7%, respectively.

The impression from these studies and other less 
controlled cohorts is that the two bypassing agents have 
similar effi  cacy although the response in some patients 
is probably better for one product than the other. These 
products diff er substantially in terms of production, 
content, and dosing; other features should be considered 
when a product is chosen. Importantly, initiation of early 
treatment for bleeding events is crucial for outcome and 
resource use.

Surgery
For many years, surgery in patients with inhibitors was 
almost impossible. Since the advent of recombinant factor 
VIIa, surgical procedures in these patients have become 
more common. In a prospective surgical study, Shapiro 
and colleagues,103 compared the eff ect of two masked 
recombinant factor VIIa doses (35 and 90 μg/kg) in 
29 patients with inhibitors who needed minor and major 
operative procedures. The high-dose group all achieved 
eff ective haemostasis during the fi rst 48 h after surgery 
compared with 12 of 15 in the low-dose group, with 
continued fall-off  in the low-dose group until 5 days. 
Several surgical series have been reported for recombinant 
factor VIIa with usually good haemostatic effi  cacy104–107 and 
uncommon treatment failure or adverse events. Less 
surgery has been done with activated prothrombin complex 
concentrates than with recom binant factor VIIa, but several 
reports describe good outcomes. Tjonnfjord108 reported 

17 minor and seven major surgical procedures done in 
nine patients with haemophilia who had inhibitors and 
two with acquired haemophilia. Patients were generally 
treated with a preoperative loading dose of 100 U/kg 
followed by 200 U/kg daily for 3 days, with subsequent 
dose tapering to 150 U/kg daily and to 100 U/kg daily, with 
changes made on an individual basis. Haemostatic control 
was attained in all cases; haemostatic effi  cacy was rated as 
good after three of six major operations, but three patients 
had postoperative bleeding complications. These results 
have been confi rmed in other larger cohorts.109–111

Prophylaxis
Results of several small cohort studies suggest a benefi cial 
eff ect of use of bypassing agents for prophylactic regi-
mens in patients with inhibitors or frequent bleeding. 
Konkle and colleagues112 reported results of a prospective 
randomised study in which they used a bypassing agent 
for prophylactic therapy. 22 patients given recombinant 
factor VIIa at either 90 or 270 μg/kg daily for 3 months 
completed the study, with a subsequent 3 month off -
treatment follow-up. Bleeding frequency decreased by 
45% and 59%, respectively, with a sustained eff ect during 
the follow-up period. Quality of life improved.113 Small 
cohort studies showing promising results with activated 
prothrombin complex concentrates have also been 
reported.114–118 A prospective, randomised study with these 
agents has been completed,119 with prophylaxis conferring 
a 61% reduction in haemarthroses compared with on-
demand treatment.

Future goals
Crucial goals in inhibitor research are accurate risk 
prediction and methods to avoid the development of 
inhibitors. These complex issues will not be easily 
unravelled, but we hope that in the near future risk scores 
incorporating clinical and genetic factors will be developed 
to accurately predict which patients are at highest risk. 
Accurate identifi cation of high-risk patients will allow 
development and assessment of interventions to minimise 
risk. This process has already begun,120 as has the search 
for methods to develop concentrates with reduced 
immunogenicity.121 Methods to optimise treat ment of 
haemorrhagic events through development of new 
bypassing agents with greater activity or more favourable 
pharmacokinetics are being investigated in clinical trials. 
Increased knowledge of how best to use bypassing agents 
for both bleed control, prevention, and suppression needs 
further investigation. Immune tolerance induction 
regimens consume enormous resources in concentrate 
alone, and have proven inadequate in a subset of 
challenging cases.122 Assessment of the role of concentrates 
containing von Willebrand factor in high-risk patients is 
continuing in the rescue immunotolerance studies 
(NCT1051544, NCT01051076). Improved protocols and 
consideration of use of new immunomodulation agents 
assessed in prospective, randomised studies are needed.
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Gene therapy and other approaches to treat 
haemophilia
Five gene transfer phase 1 clinical trials have been done 
with either direct in-vivo gene delivery with viral vectors 
or ex-vivo plasmid transfection or reimplantation of 
engineered cells.123 Although evidence of gene transfer 
and therapeutic eff ects were apparent in some of these 
trials, stable expression of therapeutic factor VIII or IX 
activity was not achieved. Further vector advances and 
better understanding of the immune response and 
consequences of gene transfer are warranted.

Because some mutations causative for haemophilia are 
nonsense changes, small molecules that permit read-
through of premature stop codons might have benefi t. 
Ataluren (PTC Therapeutics, South Plainfi eld, NJ, USA) 
is an investigational, orally delivered drug that acts to 
overcome eff ects of premature stop codons, potentially 
enabling the production of functional factors VIII or IX 
(NCT00947193). Other approaches include development 
of pharmaceuticals from transgenic animals and plants. 
Both factors VIII and IX have been produced in transgenic 
pigs124,125 and factor IX in chloroplasts of transgenic tobacco 
plants.126 These methods might hold promise to increase 
accessibility worldwide to cost-eff ective care. Cellular 
therapy could have the potential to cure haemophilia; 
liver trans plantation is already feasible as shown in 
patients undergoing this procedure because of hepatitis C 
sequelae.127,128 At this time, it remains to be seen if such 
approaches are ultimately feasible to be regarded as 
therapeutic cures for haemophilia.

The next two decades in haemophilia treatment
The perspective for future treatment needs depends on 
the viewpoint of the country or region. In countries with 
sparse economic resources, treatment approaches with 
low concentrate doses need further development.129 With 
existing technology, gene therapy to aff ect general haemo-
philia care will probably not be available during this period. 
However, modern safe concentrates will be avail able in 
most parts of the world. In developed economies, patients 
with severe disease will be treated with prophylaxis from 
an early age to prevent associated morbidity and to optimise 
outcomes. The lifespan of aff ected individuals will achieve 
parity with that of the general male population; in turn, 
diseases of normal ageing will emerge and create new 
challenges. Factor VIII and IX proteins with improved 
pharmacokinetic profi les, including longer half-life, will be 
introduced, allowing less frequent injections and improv-
ing quality of life, especially in children. Improved injection 
technologies such as multicompartment syringes or more 
convenient central venous access devices are needed. The 
production of factor VIII or IX that can be administered 
orally is less likely to be achieved although experimental 
approaches have started.130,131

For patients with inhibitors, bypassing agents with 
increased effi  cacy will be available, and the use of these 
agents for prophylaxis will be better documented and 

more widespread than is the case now. New developments 
in immune tolerance induction will lead to higher success 
rates with more rapid induction. Some patients will still 
develop inhibitors, but the advent of less immunogenic 
replacement products, manufactured through gene 
modulation of identifi ed immunogenic domains, will 
decrease the risk of this severe sequela. Despite many 
developments in haemophilia care and treatment, the 
most challenging issue in the near future is availability 
of concentrates for all aff ected individuals worldwide. 
Development of low-dose regimens and improved 
prophylaxis treatment are not mutually exclusive but will, 
on the contrary, benefi t from each other.
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