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Abstract
Regular prophylactic treatment with factor VIII (FVIII) and factor IX (FIX) concentrates in hemophilia A and B, respectively, 
is introduced in early infancy and has resulted in dramatic improvement of the conditions. Recombinant FVIII and FIX con-
centrates have been available for > 25 years and have been modified and refined through the years; however, unfortunately 
frequent intravenous administrations are still necessary. The half-lives of these products have now been extended (EHL) by 
fusion with albumin, the Fc-portion of IgG, or by being PEGylated. This has been very successful for EHL-FIX, with 3–5 
times longer half-life, and to a lesser degree for EHL-FVIII with a half-life extension of only 1.5 times the conventional prod-
ucts. New treatment principles using FVIII mimetics or monoclonal antibodies that rebalance the pro- and anti-coagulation 
system by interfering with production of anti-thrombin or tissue factor pathway inhibitor have the benefits of long-lasting 
activity, subcutaneous administration, and being useful in patients both with and without neutralizing antibodies. As the 
ultimate treatment, recent progress has also been made with gene therapy of both hemophilia A and B.

Key Points 

Recombinant factor VIII (FVIII) and factor IX (FIX) 
intravenously administered coagulation concentrates 
have been available since the early 1990 s, but plasma-
derived products are still used and are in some studies 
thought to cause less neutralizing antibodies.

Extended half-life (EHL) recombinant FVIII and FIX 
products are entering the market and prolong the half-life 
by approximately 1.5 times (FVIII) and 3–5 times (Fac-
tor IX) conventional concentrates.

New long-acting and subcutaneously administered 
products have entered the market or are in the pipeline 
that are mimetic of FVIII or act by changing the balance 
of coagulation–anticoagulation in plasma and can also 
be used in patients with neutralizing antibodies against 
FVIII/FIX.

1 Introduction

Hemophilia A and B are X-chromosomal recessive bleeding 
disorders caused by deficiency or lack of coagulation fac-
tor VIII (FVIII) or factor IX (FIX), respectively, in plasma. 
Depending on the concentration of FVIII or FIX, the disor-
ders are classified as severe (FVIII/IX < 0.01 U/mL), moder-
ate (0.01–0.05 U/mL), or mild (0.05–0.40 U/mL). Due to the 
X-chromosomal inheritance, males are almost exclusively 
affected while females are carriers; however, in rare cases 
females may also have symptoms of disease, usually due to 
the preferential inactivation of one of the X chromosomes 
(Lyonization phenomenon) [1]. The prevalence of hemo-
philia A is approximately 1:7500 males and of hemophilia 
B is 1:30,000 males. In the severe forms and, to a lesser 
degree, in the moderate forms, bleeds occur spontaneously 
or after trauma. The severe forms are usually diagnosed 
during the first year of life due to abnormal subcutaneous 
hematoma after minimal trauma, or hematomas may occur 
spontaneously. When the child begins to walk, the typical 
bleeds in joints and muscles begin and, before treatment 
was available, they resulted in crippling arthropathy early in 
life. The typical joints to be affected are the ankles, knees, 
and elbows. Life-threatening bleeds may occur and intrac-
ranial hemorrhages were previously a frequent cause of 
death. In the early 1960s, when treatment became available, 
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the median age of death in a country with well developed 
health care was around 20 years, while today, with adequate 
treatment, life expectancy is almost as for a non-hemophilia 
individual [2]. The milder forms of hemophilia are often 
diagnosed in early childhood after excessive bleeding fol-
lowing trauma or surgical/dental procedures, but may remain 
unrecognized until later in life.

2  The Development of Factor Replacement 
Therapy

The early milestones of treatment of hemophilia with 
replacement of the missing coagulation factor were when 
the so-called Fraction I-0 containing FVIII was isolated 
from plasma in the late 1950s [3], and the finding and use 
of cryoprecipitate as a source of FVIII in the early 1960s [4]. 
FIX concentrate from plasma became available soon after-
wards [5], but almost 10 years later was more widely used in 
clinical practice [6]. These first concentrates were not pure 
and contained many other proteins in addition. In the early 
1980s, it was found that plasma-derived concentrates could 
transmit viruses such as HIV and hepatitis C (at the time 
non-A, non-B hepatitis) [7, 8], which prompted the develop-
ment of FVIII and FIX concentrates that were manufactured 
with several different virus inactivation steps such as pas-
teurization, solvent/detergent method, and nanofiltration as 
well as rigorous screening of blood donors [9, 10]. Despite 
several virus inactivation/elimination steps, some viruses are 
known to pass through, however, without any known clinical 
disease or problem associated with them [11]. In the 1990s, 
prions also became a matter of concern [12]. The AIDS dis-
aster highly motivated and accelerated the development of 
recombinant FVIII and FIX, and in the late 1980s the first 
patients were treated with a recombinant FVIII (rFVIII) and 
slightly later recombinant FIX (rFIX) [13–16]. The first 
generation of recombinant products had human or animal 
proteins in the manufacturing process and human albumin 
had to be added in the final products. Later generations of 
recombinant products have been refined and contain no 
human constituents. Recombinant FVIII may be produced 
in CHO (Chinese hamster ovary) [17], BHK (baby hamster 
kidney) [18] or HEK (human embryonic kidney) [19] cell 
lines and may be full-length FVIII, B-domain depleted, or 
B-domain truncated FVIII [17, 18, 20–22]. Recombinant 
FIX is produced in CHO cells that produce the fully car-
boxylated mature FIX protein and without human or animal 
proteins being used in the manufacturing process [23], and 
the original product was later slightly reformulated [24].

3  Factor Replacement and Development 
of Inhibitors

The worst complication of replacement therapy for hemo-
philia is the development of neutralizing antibodies (inhibi-
tors) against FVIII or FIX. Inhibitors usually develop within 
the first 50 exposures with a frequency varying between 
studies between 20 and 40% of previously untreated patients 
(PUPs) with severe hemophilia A and around 10% in the 
milder forms, while in hemophilia B the frequency is lower, 
usually around 2–5% (in some studies 15–20%) [25–27]. 
The majority of inhibitors generally occur within the first 
20 exposure days [28] and are quantified by the Bethesda 
assay usually with the ‘Nijmegen modification’ [29]. One 
Bethesda unit (1 BU) is defined as the amount of inhibi-
tor needed to inactivate 50% of the FVIII/IX present in 
pooled normal plasma. Depending on the peak inhibitor 
titer measured with the Bethesda assay, inhibitors are clas-
sified as ‘low-responding’/‘low-titer’ (< 5 BU) or ‘high-
responding’/‘high-titer’ (> 5 BU). From the clinical point of 
view, this is a rather useful classification since the inhibitory 
effect of the low-titer inhibitors can usually be overcome 
by increasing the dose of FVIII/FIX, and no anamnestic 
response in titer will occur. Some ‘low-titer’ inhibitors are 
transient and will disappear without treatment while others 
remain or may progress to ‘high titer’ [30].

Since the introduction of rFVIII, it has been a matter of 
debate whether the recombinant concentrates are associ-
ated with a higher frequency of inhibitors, and divergent 
results have been published [31, 32]. During recent years, 
the large (n = 574) PedNet prospective observational PUP 
registry has shown no difference in frequency of inhibi-
tors between plasma-derived and recombinant FVIII [33]. 
The cumulative incidence of all inhibitors was 32.4 and 
22.4% for high-titer inhibitors. Plasma-derived products 
conferred a risk of inhibitor development that was simi-
lar to the risk with recombinant products (adjusted haz-
ard ratio as compared with recombinant products, 0.96; 
95% confidence interval [CI] 0.62–1.49 [33]. The first 
randomized PUP trial between pdFVIII and rFVIII (SIP-
PET [Survey of Inhibitors in Plasma-Product Exposed 
Toddlers]) did, however, show that patients treated with 
plasma-derived FVIII (pdFVIII) containing von Wille-
brand factor had a lower incidence of inhibitors than 
those treated with rFVIII [34]. The cumulative inci-
dence of all inhibitors in this study was 26.8% (95% CI 
18.4–35.2) with pdFVIII and 44.5% (95% CI 34.7–54.3) 
with rFVIII; the cumulative incidence of high-titer inhibi-
tors was 18.6% (95% CI 11.2–26.0) and 28.4% (95% CI 
19.6–37.2), respectively. However, several aspects of the 
SIPPET study have been criticized, as well as the validity 
of an observational study versus a randomized one. One 
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problem is that these studies compare class recombinant 
products versus class plasma-derived products, which 
does not take into consideration that different immu-
nogenicity may exist between different recombinant as 
well as plasma-derived products. Another problem from 
the clinical point of view is that it takes several years to 
collect a statistically valid study group and when results 
are finally presented, the products used in the study may 
not be among the current choices of concentrates. At the 
moment one can only conclude that diverging results and 
opinions exist as to whether there is a difference in immu-
nogenicity between pdFVIII and rFVIII and, furthermore, 
if a difference exists between various rFVIII as well as 
pdFVIII products depending on the variety of cell lines, 
manufacturing processes etc. being used. We know that 
risk factors for the development of inhibitors are both 
treatment related, such as intensive treatment or admin-
istration as prophylaxis or on demand due to bleed dur-
ing the first 50–75 exposure days [28], and genetic risk 
factors such as type of mutation, HLA type, haplotype 
of immune regulatory genes and ethnicity are the most 
important [35–38].

In hemophilia B there has hardly been any discus-
sion on the impact of different concentrates on the risk 
of developing FIX inhibitors. The type of mutation is 
a well known risk factor; in particular, total gene dele-
tions [39], but an association with treatment-related risk 
factors, such as type of concentrate, is extremely diffi-
cult to demonstrate due to the lower risk in hemophilia 
B patients overall to develop inhibitors but also that the 
disease is less frequent than hemophilia A, which makes 
it even more complicated to obtain valid study groups. 
However, the in vivo recovery of rFIX is lower than for 
pdFIX, but no evidence exists that this is related to neu-
tralizing inhibitors [23].

4  Treatment Models for Hemophilia

Replacement with FVIII and FIX concentrates can be 
given on demand to treat a bleed or may be given regularly 
as prophylactic treatment with the aims that the trough 
level (lowest concentration) should not fall below a certain 
level (which may vary due to the aims and resources in the 
healthcare system) and that the patient should be bleed-
free. According to a joint statement made by the World 
Health Organization (WHO) and the World Federation of 
Hemophilia (WFH), initiating prophylactic treatment at 
an early age (primary prophylaxis) is considered to be the 
optimal form of therapy for a child with severe hemophilia 
[40]. However, the definition of ‘prophylaxis’ has not been 
the same in different publications through the years. A 
uniform classification of ‘prophylactic treatment’ has been 

suggested by the Scientific and Standardization Commit-
tee (SSC) of the International Society on Thrombosis and 
Haemostasis (ISTH) [41]. According to this definition, 
primary prophylaxis is a continuous therapy starting after 
the first joint bleed and before the age of 3 years. Alterna-
tively, primary prophylaxis can be a continuous treatment 
started before the age of 3 years in a patient without any 
previous joint bleed (i.e. initiated based solely on age). 
Secondary and tertiary prophylaxis is started later in life 
and with varying degrees of arthropathy according to this 
definition.

Prophylactic treatment was initiated early in Sweden 
and the Netherlands and the beneficial outcome over dec-
ades has been shown in many retrospective studies [42, 
43]. The ultimate proof of concept of prophylaxis came 
with the randomized US study of Manco-Johnson et al. 
[44], in which 60 boys < 30 months of age were randomly 
assigned to prophylaxis (n = 32) or on-demand therapy 
(n = 32). During the same time period, the boys in the 
prophylactic group were given three times as much FVIII 
compared with those taking on-demand treatment but 
had a median of 1.2 hemorrhages versus 17.1 per year, 
respectively. The prophylactic group had a mean of 0.6 
joint bleeds per year compared with 4.9 for the on-demand 
group.

The current regimens of prophylaxis vary depending on 
the aim and, due to the costs of concentrates, also on the 
available economic resources. If the goal is just to avoid 
life-threatening bleeds and crippling arthropathy, the goal 
can in most cases be achieved by ‘low-dose prophylaxis’. 
Several recent studies have shown a very good result in the 
number of joint bleeds in patients on low-dose prophylaxis 
compared with on-demand treatment [45, 46]. In an Indian 
study with secondary prophylaxis by Verma et al. [45], 
10 IU/kg was given twice weekly for almost a year, which 
reduced the number of joint bleeds from 0.48 (± 0.37)/
month to 0.08 (± 0.13)/month, and this was achieved with-
out a significant increase in consumption of concentrates 
compared with the on-demand group. In a Chinese study 
by Tang et al. [46], 34 children had a reduction in the mean 
number of joint bleeds from 9.9 during a 12-week observa-
tion period on demand to 1.2 during 12 weeks on 10 IU/kg 
twice weekly in hemophilia A and 20 IU/kg once weekly 
in hemophilia B, with no significant difference in overall 
consumption during the two periods.

If the aim is to prevent hemophilia arthropathy and seri-
ous bleeds and enable children/adults to live a reasonably 
normal life, higher doses and more frequent injections are 
necessary. Common regimens to reach such a goal are usu-
ally 20–40 U/kg every second day or three times per week 
in hemophilia A and every third day or twice weekly in 
hemophilia B due to the longer half-life of FIX compared 
with FVIII [47, 48]. In children in particular, this may cause 
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problems with venous access and many children may need 
a central venous line (CVAD), usually a Port-A-Cath, with 
concomitant risk of complications [49]. This has encour-
aged the development of FVIII and FIX concentrates with 
an extended half-life, of which some have recently entered 
the market and others are in the pipeline from several 
manufacturers.

5  Conventional Half‑Life Factor VIII (FVIII)

The original rFVIII products were full-length molecules, 
octocog alfa, produced in either BHK cells  (Kogenate® 
and later improved to Kogenate  FS®) or CHO cells 
 (Recombinate®, later improved to  Advate®). Slightly later 
a B-domain deleted factor VIII, moroctocog alfa  (Refacto® 
and later improved to Refacto  AF®/Xyntha®), was intro-
duced. During the last 25 years, the rFVIII concentrates 
have been successively refined and improved, as mentioned 
above, by no addition of human or animal products in the 
manufacturing process, more efficient virus inactivation, 
and also various other minor modifications that together 
offer conventional rFVIII products that in several aspects 
are better than the originally developed rFVIII molecules. 
One example of such a development is with octocog alfa 
(Kogenate  FS®) produced in BHK cells, which has been 
replaced with  Kovaltry®, where a chaperone protein is used 
to improve folding, and includes new improved virus inac-
tivation and a slightly improved half-life about 1.1 times 
prolonged (13  h compared with 12.2  h; absolute times 
dependent on age of study group etc.). Another example of 
developing rFVIII is simoctocog alfa  (Nuwiq®), which is a 
B-domain deleted rFVIII produced in genetically modified 
HEK 293F cells with no animal- or human-derived materials 
added during the manufacturing process or to the final prod-
uct. As  Nuwiq® is produced in human cells, it contains post-
translational modifications comparable to human pdFVIII 
and which theoretically may be of importance for the immu-
nogenicity; however, this is still to be shown in ongoing 
PUP studies. Also, this product shows slightly better phar-
macokinetics with a median half-life of 13.7 h in adults com-
pared with first-generation products (again, absolute time 
depending on age of study group, type of clotting assay used, 
etc., making exact comparisons difficult). A third variant is 
lonoctocog alfa  (Afstyla®), which is a single-chain recom-
binant FVIII produced in CHO cells. It is a construct where 
the B-domain occurring in wild-type full-length FVIII has 
been truncated and four amino acids of the adjacent acidic 
a3 domain have been removed (amino acids 765–1652 of 
full-length FVIII). The single-chain FVIII molecule has a 
covalent linkage between heavy and light chains that gives 
an increased stability and increased von Willebrand factor 
(VWF) affinity and a mean half-life of 14.2 h (chromogenic 

assay). This molecule illustrates the problem that occurs 
with some of the modified molecules, that divergent results 
are obtained from FVIII clotting activity depending on the 
type of assay used; that is, one-stage or two-stage (such as 
chromogenic assay), which also complicates head-to-head 
comparisons between concentrates.

6  Extended Half‑Life Factor VIII (EHL‑FVIII)

There is no generally agreed definition of ‘extended half-life’ 
concentrates and there is a big difference in half-life between 
EHL-FVIII and EHL-FIX. In this review, the designation 
‘EHL’ will be used for concentrates that have > 1.5 times 
the half-life compared with the traditional rFVIII and which 
have been modified with the clear aim of increasing half-life 
and improving pharmacokinetic properties (Table 1). As has 
been discussed above, the degree of half-life prolongation 
is dependent on which concentrate the comparison is made 
with and, furthermore, is dependent on the composition of 
the bleeding phenotypes of the study group, the ages of the 
patients (since children have shorter FVIII half-lives), the 
individual pharmacokinetics (which may vary between indi-
viduals), the method used to measure FVIII clotting activity, 
and if it is the mean or median half-life that is being com-
pared, just to mention some of the most important confound-
ers. Two main bioengineered principles have been used to 
prolong half-life, fusion proteins or PEGylation.

Fusion with the Fc-portion of IgG1 is one principle that 
combines the effect of FVIII with the properties of IgG such 
as binding to neonatal Fc receptor (FcRn), which facilitates 
stability and prolongs half-life. FcRn is expressed through-
out life by endothelial cells and circulating monocytes, and 
is part of a naturally occurring pathway that is responsible 
for the long circulating half-life of Fc-containing proteins 
such as immunoglobulins. Efmoroctocog alfa (rFVIIIFc, 
 Elocta®/Eloctate®) is a B-domain deleted, licensed, FVIII 
produced in HEK cells based on this principle. The mean 
half-life extension is about 1.5 [50].

The other principle used to prolong FVIII half-life is 
to covalently bind polyethylene glycol (PEG) to FVIII (or 
FIX). This protects the coagulation factors from proteolytic 
degradation, leading to decreased clearance from the cir-
culation and an extended half-life. However, the technique 
of PEGylation varies among the various manufacturers’ 
products. Rurioctacog alfa pegol  (Adynovate® [Bax 855]) 
is a licensed recombinant full-length human coagulation 
factor VIII, produced in CHO cells and derived from its 
parent drug substance  Advate®, which is non-site-specific 
covalently conjugated, mainly in the B-domain, with one 
or more molecules of polyethylene glycol (MW 20 kDa). 
The PEGylated FVIII retains all the physiological func-
tions of the FVIII molecule with the exception of binding to 
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the low-density lipoprotein receptor-related protein (LRP) 
clearance receptor, which is probably the explanation for 
the approximately 1.5 times prolonged circulation time as 
reduced receptor binding may slow down clearance [51, 52].

Damoctocog alfa pegol  (Jivi®, BAY 94-9027) is a 
B-domain-deleted recombinant factor VIII produced in 
BHK cells with a cysteine codon introduced to allow for 
site-directed conjugation to a single 60-kDa PEG [53], 
which is not yet licensed (but with regulatory application 
filed). The mean half-life is approximately 19 h compared 
with approximately 13 h with the conventional parent drug 
(i.e., 1.5 times prolonged). Turoctocog alfa pegol (N8-GP) 
is another EHL-FVIII produced in CHO cells that is not yet 
licensed but with regulatory applications filed, which has a 
40-kDa PEG conjugated to a B-domain truncated FVIII via 
site-directed glycopegylation [54].

In studies, all the EHL-FVIII products have shown 
expected excellent efficacy when used for prophylaxis or 
for treatment of bleeds. Whether the modest prolongation 
of the half-life of FVIII will allow less frequent dosing 
without breakthrough bleeds or increased risk of subclini-
cal bleeds in certain susceptible individuals remains to 
be investigated and depends very much on the individ-
ual pharmacokinetics of FVIII. In children with shorter 
FVIII half-lives it is probably most advisable to keep the 
frequency of dosing that can be obtained with respect to 
venous access. The available results from PUP and PTP 
(previously treated patients) have not indicated increased 
risk for development of inhibitors, or a protective effect, 
but studies are ongoing. The PEGylated products have 
raised concern regarding long-term side effects due to 
potential accumulation of PEGs. Vacuolization of certain 
cell types, for example in kidney cells or macrophages, 

has been observed after repeated treatment with high 
doses in animals. The significance of these finding has 
been discussed since it has also been seen in conjunction 
with other pharmaceutical products where it has not been 
considered a problem [55]. Other arguments to support the 
safety of PEGylated products have been that they exist in 
non-pharmaceutical products we use and also conventional 
FVIII products may use polyethylene glycol as a stabi-
lizer which, however, may not be comparable to having 
the product linked to a PEG. Accumulation in the choroid 
plexus was observed with a 40-kDa PEG in a study con-
ducted in macaques [55]. Toxicology studies in animals 
are difficult to extrapolate to humans, and one has to take 
into account the different sizes and modes of PEGylation 
used in the EHL products that may give different safety 
profiles, and it will thus be very difficult to provide con-
clusive evidence of either safety or side effects without an 
observational long-term study and, furthermore, in such a 
study it will be very difficult to choose relevant outcome 
measures.

7  Extended Half‑Life Factor IX (EHL‑FIX)

While the EHL-FVIII products prolong the half-life by 
approximately 1.5 times, EHL-FIX products using the 
same techniques, fusion protein or PEGylation, have 
been much more successful and achieve a prolongation 
3–5 times that of conventional FIX products (Table 2). 
Albutrepenonacog alfa  (Idelvion®) (rFIXFP), which is 
licensed, is produced by genetic fusion of the cDNA of 
human albumin (with a natural half-life of approximately 
20 days) to the cDNA of human coagulation factor IX 

Table 1  Extended half-life factor VIII products

Pharmacokinetic data when applicable according to the manufacturer’s ‘Product Monograph’ or published study. Figures may differ slightly 
compared with published papers from various clinical studies depending on the study group etc. and also the type of data presented on different 
products (such as arithmetic or geometric mean, etc.)
EHL extended half-life
* one-stage clotting assay, ** chromogenic (two-stage) clotting assay
#  after initial dose, ## after 50 exposure days

Generic name Brand/study name Type of EHL product Half-life adults Half-life < 6 years

Efmoroctocog alfa Elocta/Eloctate B-domain deleted
Fusion with Fc of IgG1

Geometric mean
 19.0 h* (CI 17.0–21.1)
 20.9 h** (CI 18.2–23.9)

Geometric mean
12.3 h (CI 11.0–13.7)

Rurioctacog alfa pegol Adynovate Full-length
Random PEGylation with 20 kDa

Arithmetic mean*
 14.69 h ± SD 3.79#

 16.39 h ± SD 5.28##

Arithmetic mean*
11.8 ± SD 2.43#

Damoctocog alfa pegol Jivi/BAY 94-9027 B-domain deleted
Site-specific PEGylation with 60 kDa

Approx. 19.0 h –

Turoctocog alfa pegol N8-GP B-domain truncated
Site-specific PEGylation with 40 kDa

Approx. 19.0 h –
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(Thr148 allelic form), which enables the protein to be pro-
duced as a single recombinant protein. The fusion protein 
has a cleavable linker between the rFIX and the albumin 
molecules that is derived from the endogenous activa-
tion peptide; that is, albumin is cleaved off when FIX is 
activated. The median half-time in adults of rFIXFP is 
95.3 h (min. 51.5 h, max. 135.7 h) to be compared with 
a mean half-life of 18.1 h ± 5.1 for conventional nonacog 
alfa  (Benefix®); that is, 4–5 times prolongation of half-life 
depending on the conditions in the comparison used [56]. 
Eftrenonacog alfa, a FIX recombinant Fc fusion protein 
 (Alprolix®) (rFIXFc), a licensed product, is developed 
by fusing FIX to the Fc portion of IgG1. The half-life 
achieved is 82.12 h (95% CI 71.4–94.5), which is slightly 
lower than the albumin fusion product (2.5–4.5 times pro-
longation depending on the conditions in the comparison 
used) [57]. Nonacog beta pegol,  Refixia® (rFIXGP) is a 
recombinant human FIX (rFIX, Ala148 allelic form) with 
a 40-kDa PEG selectively attached to specific N-linked 
glycans in the rFIX activation peptide. Upon activation 
the activation peptide including the 40-kDa polyethylene-
glycol moiety is cleaved off, leaving the native activated 
factor IX molecule. The geometric mean half-life is 115 h 
(Coefficient of variation [CV]; 10%) in adults and in the 
range 70–89 h in the pediatric population, which seems 
slightly higher than for the fusion products [58].

EHL-rFIX products enable less frequent dosing in 
prophylaxis in hemophilia B patients due to the consid-
erable prolongation of half-life offered by the new prod-
ucts. In adult studies, a dose of 50 U/kg has shown almost 
20% recovery after 1 week with the rFIXFP and rFIXPG 
products and approximately 10% with the rFIXFc prod-
uct, and in many adults an acceptable trough can even 
be achieved > 2 weeks after a dose of 80 IU/kg. When 
prophylaxis with EHL-FIX products is started at the age 
of 1–2 years in children, a central venous line may be 
avoided in children who would otherwise require it with 
the frequent dosing of a conventional concentrate. The 
EHL-FIXs have shown the expected efficacy both in 

prophylaxis and in treatment of bleeds and there has not 
been any reports suggesting either increased or decreased 
risk of inhibitors. As is the case in hemophilia A, we need 
to gain experience on the outcome of breakthrough bleeds 
and subclinical bleeds with the new EHL concentrates 
with longer decay curves and fewer peaks, not least in 
physically active persons. Particularly for children with 
generally shorter FIX half-lives, it is advisable to keep to 
weekly dosing in hemophilia B. Despite these cautionary 
notes, the EHL-FIXs offer a ‘paradigm shift’ in hemo-
philia treatment in a much different way than the corre-
sponding EHL-FVIII. It is probably the coupling between 
FVIII and VWF in blood that makes it difficult to prolong 
the action of FVIII.

8  New Principles to Treat Hemophilia 
(‘Non‑Factor Treatments’)

Three new main principles have been presented, licensed, 
or are in the pipeline to treat hemophilia based on either 
a FVIII mimetic function [59] or re-balancing coagulation 
and anti-coagulation by interfering with the anticoagulants 
antithrombin (AT) or tissue factor pathway inhibitor (TFPI) 
[60–62]. The primary focus of these treatment options has 
been hemophilia complicated with an inhibitor and they 
offer several advantages over the conventional ‘bypassing 
agents’, such as considerably longer activity—days/weeks 
instead of hours—and subcutaneous administration. As a 
second step, some of them have also been used with success 
in non-inhibitor hemophilia patients, although their use in 
this context needs further study and experience.

Emicizumab (ACE 910)  (Hemlibra®), is a licensed bi-
specific monoclonal antibody that mimics the function of the 
activated FVIII (FVIIIa) molecule and brings together the 
factor IXa and factor X proteins that are required to activate 
the natural coagulation cascade [59] (i.e., it only works in 
hemophilia A and not in hemophilia B). It is administered 
subcutaneously and has a half-life of 4–5 weeks. In a study 

Table 2  Extended half-life factor IX products

Pharmacokinetic data according to the manufacturer’s ‘Product Monograph’. Figures may differ slightly compared with published papers from 
various clinical studies on the respective product depending on the study group etc. and also the type of data presented on different products 
(such as arithmetic or geometric mean, etc.)
CV Coefficient of variation, EHL extended half-life

Generic name Brand name Type of EHL product Half-life adults Half-life < 6 years

Albutrepenonacog alfa Idelvion Fusion with human albumin Arithmetic mean 104.2 h (CV 
25.4%)

Arithmetic mean 91.0 h 
(1–12 year) (CV 17.7%)

Eftrenonacog alfa Alprolix Fusion with Fc of IgG1 Geometric mean 82.1 h (95% CI 
71.4–94.5)

Geometric mean 66.49 h (95% CI 
55.8–79.1)

Nonacog beta pegol Refixia PEGylation with 40-kD PEG Geometric mean 115 h (CV 10%) Geometric mean 70 h (CV 16%)
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of 109 subjects with hemophilia A with inhibitors, the annu-
alized bleeding rate was 2.9 events (95% CI 1.7–5.0) among 
those who were randomly assigned to emicizumab prophy-
laxis compared with 23.3 events (95% CI 12.3–43.9) among 
those assigned to no prophylaxis (i.e., with bypassing agents) 
(p < 0.001). In the HAVEN 3 trial program, emicizumab was 
administered to patients with hemophilia without inhibitors 
at a dosage of 1.5 mg/kg once a week or 3.0 mg/kg every 
second week, resulting in a 96 or 97% reduction of bleeds, 
respectively, compared with on-demand treatment (report 
at World Federation of Hemophilia Congress, May 2018). 
However, in the trials four serious adverse events occurred, 
two with venous thrombosis and two with thrombotic micro-
angiopathy, in subjects who received concomitant activated 
prothrombin complex concentrates (aPCC) at high doses due 
to breakthrough bleeds [63]. For patients with hemophilia 
A and inhibitors, emicizumab offers a paradigm shift with 
effective, long-acting prophylaxis after subcutaneous admin-
istration once per week or every second week, compared 
with the short-acting bypassing agents (aPCC and rFVIIa) 
that require intravenous administration. The role of emici-
zumab in the treatment of patients without inhibitors also 
seems effective and attractive, but needs further evaluation 
concerning serious side effects such as microangiopathy, 
the long-term safety in various clinical situations, how to 
treat breakthrough bleeds, the difference in pharmacokinet-
ics between individuals, and how to measure the prophy-
lactic effect in comparison with conventional concentrates 
and thus which measurers to use to individualize treatment 
(dosage and dose frequency).

The other two novel non-factor treatments re-balance the 
pro- and anticoagulation balance in plasma. Human recombi-
nant antibodies against TFPI are being developed by several 
pharmaceutical companies [60, 64]. Concizumab, a human-
ized monoclonal antibody against TFPI, is being developed 
as a subcutaneously administered treatment preventing the 
binding of FXa to TFPI, which results in amplified genera-
tion of FXa and thrombin in vitro [62]. A phase II efficacy 
and safety study is ongoing on prophylactic administration 
of concizumab in hemophilia A and B patients with inhibi-
tors (ClinicalTrials.gov Identifier: NCT03196284). Other 
similar products are also in early developmental phases. 
Fitusiran, also known as ALN-AT3SC, is an RNAi thera-
peutic agent that targets the production of antithrombin, thus 
changing the balance towards coagulation by increased pro-
duction of thrombin [65]. In a dose-finding study, fitusiran 
was administered either once weekly or once monthly. The 
monthly regimen induced a dose-dependent mean maximum 
antithrombin reduction of 70–89% from baseline. Once-
monthly subcutaneous administration of fitusiran resulted 
in dose-dependent lowering of the antithrombin level and 

increased thrombin generation in participants with hemo-
philia A or B who did not have inhibitors [65].

Two phase III studies are ongoing for fitusiran in hemo-
philia A and B patients with and without inhibitors (Clini-
calTrials.gov Identifier: NCT03417102 and ClinicalTrials.
gov Identifier: NCT03417245). Concerns have been raised 
on the risk induced by re-balancing the delicate balance of 
the pro-coagulant and anti-coagulant systems, especially 
in situations such as serious infections that may create a 
pro-coagulant state, and also on how to best counteract the 
induced inhibition of the anti-coagulant system if necessary 
to avoid thrombosis.

9  Gene Therapy

The ultimate treatment of hemophilia is gene therapy, and 
recently promising results have been published on gene 
therapy in both hemophilia A and B [66, 67].

In hemophilia A, an adeno-associated virus vector 
(AAV) encoding a B-domain-deleted human factor VIII was 
injected in nine men with severe hemophilia A. It resulted in 
a sustained normalization of FVIII activity level to a normal 
value (> 50%) over a period of 1 year in six participants, 
some of whom also had supernormal levels on a few occa-
sions. Bleeds decreased from 16 events before the study to 
one event after gene transfer and participants used much less 
FVIII concentrate [67].

In hemophilia B, a single-stranded AAV consisting of 
a bioengineered capsid, liver-specific promoter, and FIX 
Padua was injected and resulted in a sustained production 
of FIX in all the participants, with a mean (± SD) steady-
state FIX coagulant activity of 33.7% ± 18.5%. On follow-up 
in individual participants, after 28–78 weeks, the annual-
ized bleeding rate was significantly reduced (mean rate 11.1 
events per year [range 0–48] before vector administration 
vs 0.4 events per year [range 0–4] after administration; 
p = 0.02), as was factor use (mean dose 2908 IU/kg before 
vector administration vs 49.3 IU/kg after administration; 
p = 0.004). Eight out of ten participants did not use factor, 
and nine of ten did not have bleeds after vector administra-
tion [66].

The recent results from gene therapy trials in hemophilia 
are encouraging, although many questions remain to be 
answered, such as how long will the effect remain and is 
it possible to administer the same vector again without an 
immune response, risk of insertional mutagenesis, risk of 
uncontrolled overproduction, etc.
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10  Concluding remarks

Hemophilia treatment is currently in a progressive phase 
with several modified and improved conventional recom-
binant FVIII/FIX concentrates, whereas we have decades 
of accumulated experience of the precursors, the introduc-
tion of EHL concentrates, of which the EHL-FIXs are the 
most interesting, and new ’non-factor’ treatment principles. 
Finally, there is the future vision of gene therapy as the ulti-
mate treatment, which now seems to be realizable within a 
reasonable timeframe.
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