
© SIM
TI S

erv
izi

 Srl

314

R

Blood Transfus 2014; 12: 314-9  DOI 10.2450/2014.0298-13
© SIMTI Servizi Srl

Achieving and maintaining an optimal trough level for prophylaxis in 
haemophilia: the past, the present and the future

Victor Jiménez-Yuste1, Günter Auerswald2, Gary Benson3, Thierry Lambert 4, Massimo Morfini5, 
Eduardo Remor6, Silva Zupančić Šalek7

1La Paz University Hospital, Coagulopathy Unit, Haematology Service, Madrid, Spain; 2Bremen-Mitte Clinic, 
Professor Hess Children's Hospital, Bremen, Germany; 3Northern Ireland Haemophilia Comprehensive Care 
Centre, Belfast, Northern Ireland; 4Hemophilia Care Centre, Bicêtre AP-HP Hospital and Faculty of Medicine 
Paris XI, Paris, France; 5Agency for Haemophilia-Reference Centre for Inherited Bleeding Disorders of Tuscany, 
Department of Emergency and Reception, University Hospital Careggi, Florence, Italy; 6Department of Psychobiology 
and Health, Faculty of Psychology, Autónoma University of Madrid, Madrid, Spain; 7National Haemophilia and 
Thrombophilia Centre, Division of Haematology, Department of Internal Medicine, University Hospital Centre 
Rebro, Zagreb, Croatia

Introduction
Recurrent joint bleeding, leading to the development 

of joint disease and arthropathy, are the hallmarks 
of haemophilia. Prevention of bleeding through 
prophylaxis, rather than the on-demand treatment of 
bleeding events when they occur, is considered the 
gold standard of treatment for severe haemophilia. The 
original aim of prophylaxis was to avoid arthropathy 
by changing the bleeding phenotype from a severe 
to moderate form. While the use of prophylaxis has 
undoubtedly improved patients' outcome and quality 
of life (QoL) by preventing bleeding and joint disease 
progression, challenges remain, and there is a growing 
awareness that prophylaxis may also benefit vulnerable 
patients with mild/moderate haemophilia.

The ultimate treatment goal for haemophilia is the 
absence of joint bleeds, and ensuing joint disease and 
arthropathy, for all. Members of the Zürich Haemophilia 
Forum convened for their tenth meeting in November 
2012 to discuss current and future treatments for 
haemophilia and the aims to mitigate disease severity 
and prevent arthropathy. In particular, discussions 
regarding the concept of an optimal trough level - what 
this should be and how to achieve it (now and in the 
future) for haemophilia patients without inhibitors - are 
summarised in this report.

Prophylaxis for patients with haemophilia A and 
B and the "optimal trough level"
What is the optimal trough level for prophylaxis?

Current opinion on optimising haemophilia care is 
centred on the idea of the need to maintain factor activity 
above a trough of 1% baseline factor activity level 
(Figure 1). This recommendation is based on limited 
papers1,2, but supported by the finding that increased time 
with a factor VIII (FVIII) activity below 1% is associated 
with an increased rate of breakthrough bleeding3. Only 

recently have data emerged that suggest a baseline 
greater than 1% might be preferable4,5.

In his plenary address at the 2012 International 
Congress of the World Federation of Haemophilia, 
Mark Skinner suggested that the haemophilia 
community should aim for a baseline replacement 
factor activity level of 15%, and the absence of joint 
bleeds, for all6. This proposal was based on data 
including those from an analysis of self-reported 
joint bleeding in 433 patients with moderate or mild 
haemophilia A treated on demand, which found that 
no joint bleeds would be expected in patients with 
baseline factor activity greater or equal to 15%4. In 
addition, the model showed that there was an 18% 

Figure 1 - Schematic illustrating two main concepts 
considered when deciding on prophylactic 
regimens for patients with haemophilia. 

 Data on the occurrence of joints bleeds suggest that 
haemophilia A patients experience fewer joint bleed 
per year when their factor activity is increased, and/
or the time spent below a certain trough level is 
decreased. Traditionally, factor activity at 1% above 
baseline was considered the target trough level to 
prevent joint bleeding, but more recent findings suggest 
that patients will benefit from regimens that increase 
the trough level to greater than 1% factor activity. 
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reduction in bleeding frequency for every 1% increase 
in residual FVIII activity4. In this context, it has also 
been observed that the number of joint bleeds decreases 
to approximately zero for patients with more than 12% 
FVIII activity5, although the physical activity of the 
patients was not known in this study5. However, as 
vigorous physical activity is only transiently associated 
with a moderate increased bleeding risk7, replacement 
coagulation factor concentration is more likely to have 
a larger absolute effect on bleeding risk than physical 
activity.

Collectively the data suggest that raising trough 
levels may be an appropriate goal for prophylaxis. The 
minimum coagulation factor level required to maintain 
haemostasis is likely to be different for each patient. 
However, it is important to note that this goal may not 
be possible for all patients worldwide, for example, 
those in countries with limited resources, for whom the 
cost implications may deny them access to any form of 
prophylaxis, or enable increased dosing or treatment 
frequency to increase the trough.

While controversy persists regarding the optimal 
trough level, we suggest that most patients could benefit 
from maintaining a trough above 1% baseline factor 
activity level.

The importance of also considering other types of 
"troughs"

While traditionally prophylaxis and the concept of an 
optimal trough have been viewed in terms of replacement 
coagulation factor activity levels, other measures are 
also important to consider. For example, maintaining a 
trough of 15% activity would have little clinical value if 
individuals still experience breakthrough bleeding and 
worsening joint disease despite this increased trough. In 
addition, for patients with existing joint disease, it may 
not be feasible to halt joint disease progression, and the 
aim of prophylaxis in such cases may be to maintain 
mobility and QoL. Hence, for these patients, it is also 
important to assess QoL, and to modify the prophylaxis 
regimen accordingly if QoL measures decrease.

As it is well known that bleeding phenotype 
may not necessarily be related to factor activity, it 
has been suggested that global coagulation assays 
(thromboelastography, the thrombin generation test) 
may be useful for predicting bleeding phenotype8. 
Thromboelastography uses whole blood to determine 
the characteristics of clot formation, and its potential 
predictive utility was explored in a study of 47 
children with moderate or severe haemophilia8. 
Thromboelastography was able to discriminate between 
the different population s of haemophilia patients, with 
higher maximum thrombin/fibrin generation reported in 
patients with a milder bleeding phenotype than in those 

patients who had a more severe bleeding tendency8. 
While the thrombin generation test has been accepted as 
a valuable research tool to evaluate haemostatic capacity, 
the lack of standardisation and large inter-laboratory 
variance have hindered evaluation of this technique 
for clinical practice. However, more recently, the use 
of a standardised thrombin generation test protocol has 
been reported to reduce inter- and intra-assay variability 
to within acceptable levels for clinical use9. Global 
coagulation assays such as thromboelastography and the 
thrombin generation test may therefore be useful tools 
for identifying patients with a severe bleeding tendency 
who require prophylaxis (including those who may have 
been classified as having mild haemophilia on the basis 
of their factor activity level), and for monitoring the 
efficacy of such treatment. 

Hence, coagulation factor activity level should 
not be the only "trough" parameter examined; other 
tools and measures should be used in combination 
with factor activity level to assess treatment 
efficacy and to optimise the outcome of individual 
patients. However, trough levels are just one aspect 
of patients' care, and since there are no long-term 
follow-up or outcome studies, it is not known whether 
current practice is improving care. Careful, regular 
monitoring of joint status is also required in order 
to enable early intervention to prevent arthropathy. 
In this respect, despite the lack of standardisation, 
we suggest that global coagulation assays, such as 
thromboelastography and the thrombin generation 
test, may be useful tools for monitoring the efficacy 
of prophylaxis.

Current ways to achieve and maintain an optimum 
trough level in patients with haemophilia A or B 

Four main dosing strategies are used for prophylaxis, 
the advantages and disadvantages of which have been 
reviewed recently10, and as such, will not be reviewed 
here. Regardless of the regimen used, patients' 
outcomes have undoubtedly been improved by the 
use of prophylaxis in haemophilia A or B. However, 
challenges remain. Breakthrough bleeding still occurs 
in many patients on prophylaxis11,12, and as such, 
the currently utilised regimens do not fulfil Mark 
Skinner's suggestion that the aim of treatment should 
be the absence of joint bleeds for all6. In addition, the 
finding that some patients develop joint damage in 
the absence of overt joint bleeding13 may indicate the 
occurrence of subclinical bleeding not prevented by 
current prophylactic strategies. In this respect, data 
from a long-term observational magnetic resonance 
imaging study identified early joint disease in the 
absence of joint bleeding in patients on prophylaxis14. 
Poor adherence to treatment is also a concern and a 
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major contributing factor to failure of prophylaxis. For 
these reasons, the haemophilia community is looking at 
ways to improve prophylaxis, and the development of 
more convenient, less time-consuming regimens may 
result in increased treatment adherence and improved 
outcome for patients.

If the new treatment aim for prophylaxis is to increase 
the trough, for currently available products, existing 
prophylactic regimens are likely to require adjustment. 
One way the trough may be increased is to consider 
prophylaxis with daily dosing. A recent randomised, 
crossover, pilot study evaluated the feasibility of daily 
dosing, treatment efficacy and whether treatment cost 
was reduced15. While a 30% reduction in cost was 
observed, some patients experienced an increase in 
breakthrough bleeding. The authors concluded that daily 
dosing was feasible and efficacious for some patients15. 
Of note, the daily dose chosen for each patient in this 
study was based on maintaining the trough above that 
achieved with their previous prophylactic regimen. 
However, it is possible that greater efficacy would have 
been observed if higher troughs had been a treatment 
goal. Regardless, the results of this study suggest that 
daily dosing may be considered. Daily dosing may lead 
to improved treatment outcome by increasing the trough, 
or decreasing the time spent below the trough.

If daily dosing is not feasible, another way to increase 
the trough for prophylaxis with current products is 
simply to increase the dose, which may lead to fewer 
breakthrough bleeds and improved outcomes. In this 
respect, it has been reported that the occurrence of 
joint bleeds was reduced in haemophilia A or B patients 
(without inhibitors) treated with high-dose (median: 0.3 
per year) versus intermediate-dose regimens (median: 
3.3 per year)16. In addition, the proportion of patients 
without arthropathy (as measured by the Pettersson 
score) was higher for those treated with high-dose (69%) 
versus intermediate-dose regimens (32%), although 
QoL measures were similar. The development of new 
products that could achieve increased troughs without 
increased dose would avoid concerns of the potential 
increased risk of thrombotic events. 

Recently, the Prophylaxis Study Group demonstrated 
similar efficacy for two prophylaxis regimens, both of 
which resulted in a significant reduction of bleeding 
episodes compared with on-demand treatment17. One 
regimen was standard prophylaxis (20-40 IU/kg) and 
the other, pharmacokinetic-tailored prophylaxis (20-80 
IU/kg every third day), both intended to maintain FVIII 
activity above a trough of 1%. Based on the results 
of this study it was concluded that pharmacokinetic-
tailored prophylaxis offers an alternative to the standard 
prophylactic regimen, with similar costs but with fewer 
infusions17. 

The future: new molecules with prolonged 
half-life - what is the treatment goal, higher 
troughs or fewer injections?

For some patients, the possibility of prophylaxis 
with fewer injections may be the treatment aim, which 
could result in increased treatment adherence (and 
therefore improved prophylaxis and fewer breakthrough 
bleeds); prophylaxis with fewer injections may also 
encourage patients to switch from on-demand treatment 
to prophylaxis. However, for others, it may be more 
important to increase trough levels, for example, to 
provide increased coverage for vigorous physical 
activity or to prevent any spontaneous breakthrough 
bleeding. Increasing the trough may also help to prevent 
subclinical bleeding and ensuing joint disease that is 
thought to occur in more vulnerable patients18.

Table I provides a summary of published manuscripts 
detailing the data available from clinical trials on half-life 
prolongation, extended time to target factor level and 
increased troughs (if any) for molecules in development 
with prolonged half-lives. For haemophilia A, information 
is included on a recombinant fusion protein linking 
FVIII to the Fc domain of human IgG1 (rFVIII Fc), a 
rFVIII molecule with site-directed glycoPEGylation 
(N8-GP), and a sucrose-formulated rFVIII (rFVIII-FS) 
combined with PEGylated liposomes (BAY 79-4980); 
the prolongations of half-life for N8-GP and rFVIII Fc 
were very similar (between ~1.5 and 1.7-fold), while 
the half-life of BAY 79-4980 did not differ from that 
of rFVIII-FS. For haemophilia B and recombinant 
factor IX (rFIX), the molecules reported include a 
glycoPEGylated rFIX (NP-GP), and recombinant 
fusion proteins linking FIX with either the Fc domain 
of human IgG1 (rFIXFc) or albumin (rFIX-FP); 
half-life prolongation was achieved for all of these rFIX 
molecules, and was more promising than that observed 
for the FVIII molecules (ranging between 3-fold and 
5-fold improvement).

Of note, clinical trials for new molecules with 
prolonged half-life often appear to concentrate on the 
aim of achieving similar or better efficacy with fewer 
injections (e.g. by prolonging the time to reach a target 
factor level). For example, for one FVIII molecule in 
development, a rFVIII Fc fusion protein, the time to 
1% FVIII activity above baseline was approximately 
1.53-1.68 longer than that with rFVIII following a 
25 IU/kg or 65 IU/kg single dose in patients with 
haemophilia A19. Based on these findings, a phase III 
trial has been designed to identify effective prolonged 
prophylactic regimens for rFVIII Fc. For another FVIII 
molecule, BAY 79-4980, an rFVIII reconstituted with 
PEGylated liposomes with prolonged action, the aim 
of the BAY 79-4980 LIPLONG study was to compare 
the efficacy and safety of once-weekly prophylaxis 
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with 35 IU/kg BAY 79-4980 to that with thrice-weekly 
(25 IU/kg) sucrose-formulated recombinant factor VIII 
(rFVIII-FS)20. The study was prematurely discontinued 
as it failed to demonstrate non-inferiority to rFVIII-FS 
(e.g. mean annualised bleeding rate: BAY 79-4980, 15; 
rFVIII-FS, 5.8). However, improved treatment outcome 
might have been observed for BAY 79-4980 if increasing 
the trough, rather than decreasing dosing frequency, had 
been the treatment aim.

For haemophilia A and FVIII, the prolongation of 
product half-life achieved to date (Table I) remains 
challenging21, and may not be sufficient to allow 
prophylaxis with less frequent injections. However, 
improved outcome for patients with haemophilia A may 
be achieved if instead the treatment goal is to provide 
higher troughs, which may be a useful question for further 
study for the FVIII molecules with prolonged half-lives 
under development.

For haemophilia B and FIX, the new products 
currently undergoing clinical trials promise both to 
increase trough levels and allow prophylaxis with fewer 
injections, which may result in long-term cost savings 
by postponing or completely avoiding the need for joint 
replacement. For example, a population pharmacokinetic 
model, derived using data from an early single-dose 
pharmacokinetic study of N9-GP (a glycoPEGylated 
rFIX with a prolonged half-life), was developed in order 
to explore dosing and treatment strategies for prophylaxis 
or on-demand therapy with N9-GP.22 The resulting 
simulations predicted reduced dosing frequency and 
consumption for N9-GP versus rFIX or plasma-derived 
FIX concentrates. 

While the trough was the topic of this review and 
a potential focus of attention for clinical trials of new 
molecules, is the trough the only pharmacokinetic 
variable that should be considered? For example, the 
total amount of coagulation factor (area under the curve) 
a patient receives, or recurrent high peaks, may be more 
important than the trough in determining treatment 
efficacy23. The results of ongoing clinical studies for 
new molecules with prolonged half-life will be valuable 
for determining the roles of the trough versus that of the 
peak in preventing bleeding.

Lastly, while we are awaiting the results of ongoing 
clinical trials, we believe that long-lasting recombinant 
proteins may enable less frequent dosing or offer alternative 
dosing regimens which may be tailored to meet the need(s) 
of individual patients. The results of these trials will also 
provide data on the efficacy of the new therapies and the 
incidence of breakthrough bleeding, thereby providing 
guidance to clinicians on the dosing and frequency of 
infusions to prevent such bleeds; the data will also help to 
reassure patients that improved treatment outcome will be 
possible with the new coagulation factors in development.

Conclusions
The development of new factor concentrates with 

prolonged half-lives promises improved prophylaxis for 
haemophilia A or B patients (without inhibitors) and may 
enable treatment that prevents spontaneous breakthrough 
bleeding (and subclinical bleeds) in all. Whether the aim for 
future regimens should be prophylaxis with fewer injections, 
or to increase the trough, remains a matter of debate and 
may be best decided on a patient-by-patient basis, depending 
on their individual clinical profiles and the treatment aims.
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