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Summary
In the last couple of years, several extended half-life fac-
tor VIIl and factor IX preparations were intensively studied
and gained approval. In order to extend half-lives, tech-
niques like fusion to protein conjugates (Fc part of IgG, or
albumin), chemical modification (PEGylation), and protein
sequence modification are implemented. With these tech-
niques, it is possible to extend half-lives of factor IX prod-
ucts 4- to 6- fold, while half-life extension of factor VI
products is limited to 1.5- to 2-fold due to their interaction
with von Willebrand factor. Nevertheless, both extended
half-life factor VIl and IX products have improved and fa-
cilitated prophylactic factor replacement therapy in hemo-
philia A and B, respectively. Extended half-life factor con-
centrates pose challenges to coagulation laboratories be-
cause accurate therapy monitoring is not possible with all
factor activity assays currently used.

© 2018 S. Karger GmbH, Freiburg

Introduction

Hemophilia A and B are X-linked bleeding disorders resulting
from deficiencies of coagulation factors VIII (FVIII) and IX (FIX),
respectively [1]. Hemophilia A occurs in 1 of 5,000 and hemophilia
Bin 1 of 30,000 male live births [1].

Modern treatment of hemophilia A and B started in the 1950s
and early 1960s when it was possible to treat bleeding episodes with
infusions of whole blood and fresh plasma. But only the detection
of cryoprecipitate in 1964 by Judith Graham Pool allowed it to in-
fuse enough FVIII in relative small volumes to effectively control

bleeding and to make surgery possible in a safe way [2]. Further de-
velopment resulting in production of FVIII concentrates and pro-
thrombin complex factors (containing FIX) that could be reconsti-
tuted in small amounts of fluid allowed home treatment and led to
the introduction of prophylactic factor replacement schedules [3,
4]. Today, both plasma-derived factor concentrates and genetically
engineered recombinant factor concentrates enable hemophilia
treatment without the risk of transmission of infectious agents [6].

The efficacy of prophylactic treatment in preventing hemophilic
arthropathy was retrospectively described by Nilsson and col-
leagues [4] in a milestone publication in 1992 and later formally
confirmed in a randomized controlled trial by Manco-Johnson and
collaborators [5].

Nowadays, the important issues in hemophilia treatment re-
main the risk of development of neutralizing alloantibodies (inhib-
itors; occurring in up to 40% of patients with severe hemophilia A
and in about 3% of patients with severe hemophilia B) [6] and a
considerable high treatment burden for patients due to the need of
periodic intravenous injections to maintain FVIII or FIX levels in a
safe range (usually FVIII or FIX levels > 1%).

FVIII has a half-life of 12 h with high inter-individual variability
[7]. Therefore, most patients with severe hemophilia A need to in-
ject themselves three times a week or more often with conventional
FVIII concentrates in a prophylactic setting [8]. Half-life of FIX is
slightly longer (18-24 h) [7] but patients with severe hemophilia B
still need to inject themselves twice a week on average with FIX
concentrates to be protected from spontaneous bleeding [8]. De-
spite these demanding prophylactic treatment schedules, patients
with severe forms of hemophilia still have an elevated risk of bleed-
ing and are not fully protected from spontaneous bleeding episodes
[9-12]. Taken together, there is a need for safer, longer acting, and
more convenient methods to treat patients with hemophilia A or B
[13]. In the last years, modifications of FVIII and FIX aiming at the
extension of the half-life of these molecules have been in the focus
of product development [14]. Several of these extended half-life
(EHL) products have meanwhile gained approval by regulatory
bodies and are available to patients.
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Table 1. Extended half-life FVIII products. Mean half-lives are given for patients > 12 years only*

Generic name Name Technology Cell line Molecule length Mean half-life, h
Efmoroctocog alfa Elocta® Fc-fusion HEK BDD 19
Rurioctacog alfa pegol Adynovi® PEGylation to surface exposed lysine CHO full-length 14-16
Turoctocog alfa pegol - single site-specific PEGylation to O-linked glycan CHO BD truncated 19

in B-domain
Damoctocog alfa pegol - site-specific PEGylation to cysteine1805 BHK full-length 19
Lonoctocog alfa Afstyla® covalently linked heavy and light chain with CHO BDD 14.5

increased affinity for VWF

HEK = Human embryonic kidney; CHO = Chinese hamster ovary; BHK = baby hamster kidney; vVWF = von Willebrand Faktor; BDD = B-domain deleted;

BD = B-domain.
*Note that methods to evaluate half-lives differed among studies.

Methods to Extend Half-Lives
Fusion to Protein Conjugates

Both Immunoglobulin G (IgG) and albumin are proteins with a
very long half-life of up to several weeks [15]. Both proteins un-
dergo an intracellular recycle mechanism via the neonatal Fc recep-
tor (FcRn), which protects them from lysosomal degradation [16,
17]. After internalization by the endothelial cell, proteins bound to
the FcRn receptor in the acidified endosome are protected from
lysosomal sorting and degradation. This allows recycling back to
the cell surface with pH-dependent release into circulation [18].

This recycling mechanism is still in place when the Fc-part of
IgG (fc fusion) or albumin (albumin fusion) is directly fused to
clotting factors such as FVIII and FIX leading to extended in vivo
half-lives of the fused proteins [16].

Chemical Modification

Covalent modification of therapeutic proteins with polyethyl-
ene glycol (PEG) chains is an established approach to prolong half-
life and in vivo activity of proteins [19]. Linking one or more PEG
chains to a therapeutic molecule is also known as PEGylation. The
PEG molecule is non-immunogenic, non-toxic, and highly hydro-
philic. PEG conjugation increases the circulation time of FVIIT and
FIX mainly by protecting against enzymatic digestion and blocking
interaction with clearance receptors [20].

Protein Sequence Modification

Human FVIII consists of two glycoprotein chains and circulates
in plasma in a complex with von Willebrand factor (vWF). The
molecular weight of such a full-length FVIII is approximately 280
kDa; it is composed of a heavy chain (domains Alal A2a2B) and a
light chain (domains a3A3C1C2), which are held together by non-
covalent interactions [21].

In contrast to other commercially available FVIII concentrates
that are two-chains molecules, a recombinant FVIII single chain

Extended Half-Life Factor VIII and Factor IX
Preparations

(rFVIII-SingleChain) has been developed. This single-chain prepa-
ration consists of a truncated B-domain that covalently links the
heavy and light chains. As the three predominant thrombin cleav-
age sites are not affected in this concept, activation by thrombin
leads to a structurally normal activated FVIII molecule. rFVIII-
SingleChain shows improved intrinsic stability and a markedly in-
creased affinity to vVWE. This higher affinity to vVWF leads to im-
proved pharmacokinetic properties in terms of a prolonged half-
life [22].

Limitations of Prolonging Half-Life of FVIII

In human plasma, the vast majority (95-98%) of FVIII is com-
plexed to vWF. The interaction between vWF and FVIII is crucial
for FVIII function, immunogenicity, and clearance, because vVWF
is essentially serving as chaperone for FVIIL Clearance of vWF and
FVIII occurs mostly as a complex leading to a half-life of FVIII of
approximately 12 h. Bioengineered FVIII variants such as PE-
Gylated forms, Fc-part of IgG-coupled forms but also rFVIII-Sin-
gleChain are still regulated to a large extent by interaction with
vWFE. Therefore, half-life of vVWF (approximately 15 h, high varia-
bility between individuals) is the limiting factor to half-life exten-
sion of FVIII with techniques available today. All approaches de-
scribed above achieve only moderate increases of half-lives (1.5- to
2-fold compared to unmodified FVIII) [23].

This is in contrast to FIX where it was possible to increase the
mean half-life 4- to 6-fold by different forms of bioengineering
[24-26].

Extended Half-Life Factor Products
FVIII Products (Table 1)

Fc-Fused FVIII

A single molecule of a B-domain-deleted recombinant FVIII
(rFVIIL; human cell line) is covalently fused to the Fc domain of
IgG, (rFVIIIFc or efmoroctocog alfa). Efmoroctocog alfa (mar-
keted as Elocta® in Europe) has been evaluated for safety, efficacy,
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and pharmacokinetics in two pivotal phase 3 studies [27, 28]. The
first included previously treated patients (PTPs) with severe hemo-
philia A > 12 years and had three treatment arms: individualized
prophylaxis (arm 1, n = 118), weekly prophylaxis (arm 2, n = 24),
and episodic treatment (arm 3, n = 23) [27]. Terminal half-life of
rFVIIIFc was extended 1.5-fold as compared to non-EHL rFVIIL
rFVIII was tolerated well, resulted in fairly low annualized bleeding
rates (ABRs) of 1.6 (interquartile range (IQR) 0.0-4.7; arm 1) and
3.6 (IQR 1.9-8.4; arm 2), and reduced dosing frequency in the ma-
jority of patients in arm 1 as compared to their previous treatment
schedules. None of the subjects developed an inhibitor.

The second phase 3 study included 71 previously treated chil-
dren aged < 12 years with severe hemophilia [28]. The starting
rFVIIIFc regimen was twice weekly prophylaxis that was adjusted
as needed. No subject developed an inhibitor, and rFVIIIFc half-
life was prolonged relative to that of FVIII 1.29- to 1.63-fold (de-
pendent on the individual pre-study FVIII product). Overall me-
dian ABRs were 1.96 (IQR 0.00-3.96).

Interim data of an rFVIIIFc extension study confirm both long-
term safety and maintenance of low ABRs with extended interval
prophylactic dosing [29].

PEGylated FVIII

Several PEGylated FVIII products have been developed. They
differ from each other by the PEGylation sites and the molecule
length of FVIIL

Rurioctacog alfa pegol (BAX855; Adynovi®) is created through
controlled PEGylation of a full-length, unmodified rFVIII (synthe-
sized in Chinese hamster ovary cells), in which approximately 60%
of PEG chains are localized at the B-domain. BAX855 was evalu-
ated in 138 PTPs with severe hemophilia A aged 12-65 years [30].
The mean residence time of BAX855 compared to rFVIII (Advate)
was prolonged 1.4- to 1.5-fold. In a prophylaxis schedule (45
IU/kg, 2x/week, n = 120) ABR was 1.9 (IQR 0.00-5.80), and 39.6%
of compliant subjects had no bleeding events during prophylaxis.

A second study evaluated BAX855 in 73 PTPs < 12 years in a
prophylactic setting with twice weekly infusions [31]. No subject
developed FVIII inhibitors, and ABR was 3.04 (95% CI 2.21-4.19;
joint bleedings 1.1 (0.64-1.91), spontaneous bleedings 1.16
(0.74-1.83)).

Furthermore, it was shown that BAX855 is safe and hemostati-
cally effective in patients with severe hemophilia A undergoing
surgery [32].

N8-GP (turoctocog alfa pegol) contains a B-domain-truncated
rEVIII synthesized in Chinese hamster ovary cells. PEGylation is
reached by replacing the terminal sialic acid on an O-glycan struc-
ture in the truncated B-domain by a conjugated sialic acid contain-
ing a branched 40-kDa PEG. This way of PEGylation does not af-
fect hemostatic activity [33]. N8-GP has been evaluated in a phase
3 trial including 186 PTPs > 12 years with severe hemophilia A
[33]. Patients were allocated to receive N8-GP for prophylaxis (50
IU/kg every 4 days; n = 175) or on demand treatment. Mean termi-
nal half-life of 8-GP was 1.6-fold longer when compared to stand-
ard rFVIIL In the prophylaxis arm the median ABR was 1.33 (IQR
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0.00-4.61) while 40% of patients had no bleeding events during the
trial phase. One patient developed low-titer inhibitory antibodies
against FVIII after 93 exposure days. After another 3 months of
treatment inhibitor titer increased markedly, and the patient was
withdrawn from the trial.

In a pediatric cohort (68 PTPs < 12 years), N8-GP was tested in
a twice weekly prophylactic regimen [34]. More than 40% of pa-
tients did not report any bleeding during trial phase and reported
median ABR was 1.95 (IQR 0.00-2.79). Half-life ratio between
N8-GP and patients’ previous FVIII product was 1.85. None of the
pediatric patients developed inhibitors. N8-GP has not been mar-
keted yet.

BAY 94-9027 (damoctcog alfa pegol) is a B-domain-deleted
(BDD) rFVIII (baby hamster kidney cell line) that conjugates in a
site-specific manner to a single 60-kDa PEG molecule at an engi-
neered cysteine [35]. In a pivotal trial (phase 2/3 study) 134 PTPs >
12 years with severe hemophilia A received BAY 94-9027 for 36
weeks on either an on demand setting or prophylactically (n = 112;
intervals determined individually following a 10-week run-in pe-
riod on 25 IU/kg twice weekly) [36]. 43 of 112 patients on prophy-
laxis were assigned to a once-weekly schedule (60 IU/kg) after the
run-in period. 32 of these 43 patients (74%) who continued every-
7-days prophylaxis until study end, had a low median ABR of only
0.96 (IQR 0.00-4.30). BAY94-9027 is not yet available on the mar-
ket, and the study program is ongoing.

rFVIII-SingleChain

The single chain product lonoctocog alfa (Afstyla®) has been
evaluated for efficacy and safety in two pivotal trials. The first trial
[37] included PTPs with severe hemophilia A > 12 years. Partici-
pants were allocated to receive either on-demand (n = 27) or pro-
phylactic (n = 146) treatment with rFVIII-SingleChain. Across all
prophylaxis regimens, median spontaneous ABR was 0.0 (IQR
0.0-2.4), and median overall ABR was 1.14 (IQR 0.0-4.3). No par-
ticipant developed a clinically relevant inhibitor during the study
phase. Investigators rated hemostasis as excellent or good in all 16
surgical procedures.

In a second trial [38], 84 boys (all PTPs) with severe hemophilia
< 12 years were included. Again, patients were allocated to either
prophylactic (n = 81) or on-demand treatment. Median ABR for
spontaneous bleeding was 0.0 (0.00-2.20) while it was 3.69 (0.00-
7.20) for all bleedings across all prophylaxis regimens. Hemostatic
efficacy was rated at least good in the vast majority of cases, and
none of the participants developed an inhibitor.

Lonoctocog alfa was compared in a pharmacokinetic study [39]
against a full-length rFVIII (octocog alfa; Advate®) and revealed a
slightly longer mean half-life (14.5 vs. 13.3 h) and a larger mean
area under the curve (AUGC; 35% larger than octocog alfa).

For the sake of completeness, it has to be mentioned that other
preparations such as the human cell line-derived recombinant
FVIII (human-cl thFVIIL; Nuwiq®) also showed slightly increased
half-lives due to high affinity for vVWF [40]. However, these prod-
ucts are usually not considered to be EHL factors because they are
neither chemically modified nor fused to other proteins.
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Table 2. Extended half-life FIX products. Mean half-lives are given for patients > 12 years only*

Generic name Name Technology Cell line Molecule length Mean half-life, h
Eftrenanocog alfa Alprolix® Fc-fusion HEK full-length 82
Albutrepenonacog alfa Idelvion® albumin-fusion CHO full-length 102
Nonacog beta pegol Refixia® site-specific PEGylation to activation peptide CHO full-length 93

HEK = Human embryonic kidney; CHO = Chinese hamster ovary.
*Note that methods to evaluate half-lives differed among studies.

FIX Products (Table 2)

Fc-Fused FIX

rFIX-Fc (eftrenonacog alfa; Alprolix®) was the first EHL getting
approval by a regulatory body (US Food and Drug Administration
(FDA)) in March 2014. Eftrenonacog alfa is composed of a single
recombinant FIX molecule (human cell line) fused to the dimeric
Fc domain of IgG; [24]. In a phase 3 study with 123 PTPs with se-
vere hemophilia B > 12 years [24], rFIX-Fc was tested in 4 treat-
ment groups: group 1 (n = 63) received weekly dose-adjusted
prophylaxis, group 2 (n = 29) received interval-adjusted prophy-
laxis, group 3 (n = 27) received on-demand treatment, and group 4
received perioperative treatment. In the pharmacokinetics sub-
group rFIX-Fc exhibited a prolonged terminal half-life of 82 h
(half-life of conventional FIX: 17 h). Median ABRs were 3.0 (IQR
1.0-4.4) in group 1, 1.4 (IQR 0.0-3.4) in group 2, and 17.7 (IQR
10.8-23.2) in group 3. Hemostasis was rated as excellent or good in
14/14 major surgeries. No inhibitors have been detected. In a sec-
ond phase 3 study, pediatric PTPs (n = 30) with severe hemophilia
B < 12 years have been included [41]. All patients were initially
given rFIX-Fc prophylaxis once per week, with adjustment to dose
or dosing frequency as needed. In this population, rFIX showed a
prolonged half-life of 69 h. Median ABR was 2.0 (IQR 0.0-3.1) for
all bleeding episodes and 0.0 (IQR 0.0-0.0) for joint bleedings. 29
of 30 patients remained on once-weekly infusions during the study
period, and none of the participants developed an inhibitor.

Albumin-Fused FIX

Albutrepenonacog alfa (rFIX-FP; Idelvion®) is a recombinant
fusion protein linking recombinant FIX (Chinese hamster ovary
cell line) with recombinant albumin. A cleavable linker between
FIX and albumin is derived from the endogenous activation pep-
tide in native FIX [25]. Similar to other products, rFIX-FP was
evaluated in a phase 3 study with 63 PTPs with severe hemophilia
B > 12 years [25]. The study included 2 groups: group 1 (n = 40)
started with a once-weekly prophylaxis schedule for 26 weeks fol-
lowed by either 7-, 10-, or 14-day prophylaxis regimen; group 2 (n
= 23) patients received on-demand treatment for 26 weeks and
then switched to a once-weekly prophylaxis regimen. In pharma-
cokinetic assessment, rFIX-FP showed a half-life of 102 h. Median
ABR for spontaneous bleeds was 0.0 (IQR 0.00-0.96) for all proph-
ylaxis regimens. There was a 100% reduction of target joint bleed-
ings when subjects switched from on-demand to prophylaxis treat-
ment. None of the study subjects developed an inhibitor.

Extended Half-Life Factor VIII and Factor IX
Preparations

A second phase 3 study included 27 male PTPs with severe to
moderately severe hemophilia B < 12 years [42]. All boys re-
ceived routine prophylaxis with rFIX-FP once weekly. Terminal
half-life of rFIX-FP was 91.4 h in this pediatric population (4.3-
fold longer than with previous FIX products). Median ABR for
spontaneous bleedings was 0.0 (IQR 0.00-0.91), and patients
maintained a median trough level of 13.4 TU/dl. No inhibitors
have been detected.

19 patients participating in one of the mentioned phase 3 stud-
ies investigating rFIX-Fc underwent 21 surgical procedures. In
20/21 surgeries, a single preoperative dose maintained intraopera-
tive hemostasis, and hemostasis was rated excellent or good in all
procedures [43].

PEGylated FIX

Nonacog beta pegol (N9-GP; Refixia®) is a recombinant FIX
product (Chinese hamster ovary cell line) linked to 40 kDa PEG
moiety (attached to the FIX activation peptide) [26]. In a phase 3
study, 74 PTPs > 12 years with severe to moderately severe hemo-
philia B were randomized to either 10 (n = 30) or 40 IU/kg (n = 29)
once-weekly prophylaxis or on demand treatment (n = 15) [26].
Single-dose half-lives were up to 93 h while steady-state geometric
mean half-lives were even longer. Mean ABRs were 1.04 (IQR
0.00-4.00) in the 40 IU/kg prophylaxis group (with 67% of patients
experiencing no bleeding episodes into target joints), 2.93 (IQR
0.99-6.02) in the 10 IU/kg prophylaxis group, and 15.85 (9.56-
26.47) in the on-demand group. No inhibitory antibodies were
found during the study period.

A second phase 3 trial included 25 PTPs < 12 years with FIX activ-
ity levels < 2% [44]. All patients received once-weekly prophylaxis
with 40 IU/kg N9-GP for 50 exposure days. Median ABR was 1.0
(mean ABR for all bleeds 1.44 (95% CI 0.92-2.26)) in the total popu-
lation. Estimated mean steady-state trough levels were >15% and
mean half-life was 70 h in children < 7 years and 76 h in older chil-
dren. None of the study participants developed an inhibitor. N9-GP
was also shown to be safe and effective in a perioperative setting [45].

Monitoring Extended Half-Life Factor VIII
and Factor IX Products

For factor activity measurement several methods like one-stage
clotting assays (based on activated partial thromboplastin time)
and chromogenic methods are used. However, for some of the
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products, there are significant differences between results obtained
using chromogenic or one-stage assays as well as between results
generated using different reagents for the one-stage assay. Briefly,
chromogenic assays reveal robust results for monitoring EHL
FVIII and FIX concentrates while performance of one-stage assays
is dependent on the reagent used [46]. Details concerning perfor-
mance of particular assays on particular EHL products are beyond
the scope of this review. An excellent review paper covering this
difficult topic has recently been published by Kitchen and col-
leagues [46].

Conclusions

EHL FIX products have improved and facilitated prophylactic
therapy in hemophilia B remarkably. On the one hand, they allow
reduction of injection frequency to once-weekly or even once-bi-
weekly treatments and on the other hand much higher trough lev-
els (FIX > 5% or even > 10%) can be achieved despite reduction of

With EHL FVIII compounds, advances are not that impressive.
Nevertheless, they allow reaching higher trough levels (without re-
ducing injection frequency) in patients who still suffer from break-
through bleedings despite intensive treatment schedules with con-
ventional FVIII preparations. Furthermore, it is possible with EHL
FVIII products to reduce injection frequency in patients who are
free of bleedings with conventional FVIII products (e.g. reduction
of injection frequency from 3x/week to 2x/week) [47].

In the last 3 years, EHL FIX and FVIII products have already
become important instruments to improve hemophilia care in clin-
ical practice. It will be interesting to see how these compounds per-
form in the upcoming years on a long-term basis and whether EHL
FVIII preparations are only an intermediate step in the light of her-
alded alternative products with much longer half-lives such as
emicizumab.

Disclosure Statement

injection frequency [24-26].

The author received advisory fees from Swedish Orphan Biovitrum AG,
Octapharma AG, Novo Nordisk Pharma AG, and CSL Behring AG.

References

1 Mannucci PM, Tuddenham EG: The hemophilias - 12 Steen Carlsson K, Hojgard S, Glomstein A, Lethagen S, 23 Pipe SW, Montgomery RR, Pratt KP, Lenting PJ, Lill-
from royal genes to gene therapy. N Engl ] Med 2001; Schulman S, Tengborn L, Lindgren A, Berntorp E, icrap D: Life in the shadow of a dominant partner: the
344:1773-1779. Lindgren B: On-demand vs. prophylactic treatment for FVIII-VWEF association and its clinical implications

2 Franchini M, Mannucci PM: The history of hemo- severe haemophilia in Norway and Sweden: differences for hemophilia A. Blood 2016;128:2007-2016.
philia. Semin Thromb Hemost 2014;40:571-576. in treatment characteristics and outcome. Haemo- 24 Powell JS, Pasi KJ, Ragni MV, Ozelo MC, Valentino

3 Mannucci PM: Back to the future: a recent history of philia 2003;9:555-566. LA, Mahlangu JN, Josephson NC, Perry D, Manco-
haemophilia treatment. Haemophilia 2008;14(suppl 13 von Mackensen S, Kalnins W, Krucker J, Weiss J, Johnson MJ, Apte S, Baker RI, Chan GC, Novitzky N,
3):10-18. Miesbach W, Albisetti M, Pabinger I, Oldenburg J: Wong RS, Krassova S, Allen G, Jiang H, Innes A, Li S,

4 Ahlberg A: Haemophilia in Sweden. VII Incidence, Haemophilia patients’ unmet needs and their expecta- Cristiano LM, Goyal J, Sommer JM, Dumont JA, Nu-
treatment and prophylaxis of arthropathy and other tions of the new extended half-life factor concentrates. gent K, Vigliani G, Brennan A, Luk A, Pierce GF: Phase
musculo-skeletal manifestations of haemophilia A and Haemophilia 2017;23:566-574. 3 study of recombinant factor IX Fc fusion protein in
B. Acta Orthop Scand Suppl 1965:suppl 77:73-132. 14 Arruda VR, Doshi BS, Samelson-Jones BJ: Novel ap- hemophilia B. N Engl ] Med 2013;369:2313-2323.

5 Manco-Johnson MJ, Abshire TC, Shapiro AD, Riske B, proaches to hemophilia therapy: successes and chal- 25 Santagostino E, Martinowitz U, Lissitchkov T, Pan-
Hacker MR, Kilcoyne R, Ingram JD, Manco-Johnson lenges. Blood 2017;130:2251-2256. Petesch B, Hanabusa H, Oldenburg J, Boggio L, Ne-
ML, Funk S, Jacobson L, Valentino LA, Hoots WK, Bu- 15 Liumbruno GM, Bennardello F, Lattanzio A, Piccoli P, grier C, Pabinger I, von Depka Prondzinski M, Altisent
chanan GR, DiMichele D, Recht M, Brown D, Leissinger Rossettias G: Recommendations for the use of albumin C, Castaman G, Yamamoto K, Alvarez-Roman MT,
C, Bleak S, Cohen A, Mathew P, Matsunaga A, Medeiros and immunoglobulins. Blood Transfus 2009;7:216- Voigt C, Blackman N, Jacobs I: Long-acting recombi-
D, Nugent D, Thomas GA, Thompson AA, McRedmond 234. nant coagulation factor IX albumin fusion protein
K, Soucie JM, Austin H, Evatt BL: Prophylaxis versus 16 Powell JS: Longer-acting clotting factor concentrates (rIX-FP) in hemophilia B: results of a phase 3 trial.
episodic treatment to prevent joint disease in boys with for hemophilia. ] Thromb Haemost 2015;13(suppl Blood 2016;127:1761-1769.
severe hemophilia. N Engl ] Med 2007;357:535-544. 1):S167-175. 26 Collins PW, Young G, Knobe K, Karim FA, Ang-

6 Franchini M, Mannucci PM: The safety of pharmaco- 17 Fogarty PF: Biological rationale for new drugs in the chaisuksiri P, Banner C, Gursel T, Mahlangu J, Matsu-
logic options for the treatment of persons with hemo- bleeding disorders pipeline. Hematology Am Soc He- shita T, Mauser-Bunschoten EP, Oldenburg J, Walsh
philia. Expert Opin Drug Saf 2016;15:1391-1400. matol Educ Program 2011;2011:397-404. CE, Negrier C: Recombinant long-acting glycoPE-

7 Bolton-Maggs PH, Pasi KJ: Haemophilias A and B. 18 Nazeef M, Sheehan JP: New developments in the man- Gylated factor IX in hemophilia B: a multinational ran-
Lancet 2003;361:1801-1809. agement of moderate-to-severe hemophilia B. ] Blood domized phase 3 trial. Blood 2014;124:3880-3886.

8 Ljung R: Aspects of prophylactic treatment of hemo- Med 2016;7:27-38. 27 Mahlangu J, Powell JS, Ragni MV, Chowdary P, Jo-
philia. Thromb J 2016;14:30. 19 Caliceti P, Veronese FM: Pharmacokinetic and biodis- sephson NC, Pabinger I, Hanabusa H, Gupta N,

9 Fischer K, Van Den Berg M: Prophylaxis for severe tribution properties of poly(ethylene glycol)-protein Kulkarni R, Fogarty P, Perry D, Shapiro A, Pasi KJ,
haemophilia: clinical and economical issues. Haemo- conjugates. Adv Drug Deliv Rev 2003;55:1261-1277. Apte S, Nestorov I, Jiang H, Li S, Neelakantan S, Cris-
philia 2003;9:376-381. 20 Veronese FM, Pasut G: PEGylation, successful ap- tiano LM, Goyal J, Sommer JM, Dumont JA, Dodd N,

10 Fischer K, van der Bom JG, Molho P, Negrier C, proach to drug delivery. Drug Discov Today 2005;10: Nugent K, Vigliani G, Luk A, Brennan A, Pierce GF:
Mauser-Bunschoten EP, Roosendaal G, De Kleijn P, 1451-1458. Phase 3 study of recombinant factor VIII Fc fusion pro-
Grobbee DE, van den Berg HM: Prophylactic versus 21 Fay PJ: Activation of factor VIII and mechanisms of tein in severe hemophilia A. Blood 2014;123:317-325.
on-demand treatment strategies for severe haemo- cofactor action. Blood Rev 2004;18:1-15. 28 Young G, Mahlangu ], Kulkarni R, Nolan B, Liesner R,
philia: a comparison of costs and long-term outcome. ~ 22 Schmidbauer S, Witzel R, Robbel L, Sebastian P, Pasi J, Barnes C, Neelakantan S, Gambino G, Cristiano
Haemopbhilia 2002;8:745-752. Grammel N, Metzner HJ, Schulte S: Physicochemical LM, Pierce GF, Allen G: Recombinant factor VIII Fc

11 Berntorp E: Joint outcomes in patients with haemo- characterisation of rVIII-SingleChain, a novel recom- fusion protein for the prevention and treatment of
philia: the importance of adherence to preventive regi- binant single-chain factor VIII. Thromb Res 2015;136: bleeding in children with severe hemophilia A. J
mens. Haemophilia 2009;15:1219-1227. 388-395. Thromb Haemost 2015;13:967-977.

90 Transfus Med Hemother 2018;45:86-91 Graf



29

30

31

32

33

34

35

Nolan B, Mahlangu J, Perry D, Young G, Liesner R,
Konkle B, Rangarajan S, Brown S, Hanabusa H, Pasi
K]J, Pabinger I, Jackson S, Cristiano LM, Li X, Pierce
GF, Allen G: Long-term safety and efficacy of recombi-
nant factor VIII Fc fusion protein (rFVIIIFc) in sub-
jects with haemophilia A. Haemophilia 2016;22:72-80.
Konkle BA, Stasyshyn O, Chowdary P, Bevan DH,
Mant T, Shima M, Engl W, Dyck-Jones ], Fuerlinger
M, Patrone L, Ewenstein B, Abbuehl B: Pegylated, full-
length, recombinant factor VIII for prophylactic and
on-demand treatment of severe hemophilia A. Blood
2015;126:1078-1085.

Mullins ES, Stasyshyn O, Alvarez-Roman MT, Osman
D, Liesner R, Engl W, Sharkhawy M, Abbuehl BE: Ex-
tended half-life pegylated, full-length recombinant fac-
tor VIII for prophylaxis in children with severe hae-
mophilia A. Haemophilia 2017;23:238-246.

Brand B, Gruppo R, Wynn TT, Griskevicius L, Lopez
Fernandez MF, Chapman M, Dvorak T, Pavlova BG,
Abbuehl BE: Efficacy and safety of pegylated full-
length recombinant factor VIII with extended half-life
for perioperative haemostasis in haemophilia A pa-
tients. Haemophilia 2016;22:¢251-258.

Giangrande P, Andreeva T, Chowdary P, Ehrenforth S,
Hanabusa H, Leebeek FW, Lentz SR, Nemes L, Poulsen
LH, Santagostino E, You CW, Clausen WH, Jonsson
PG, Oldenburg J: Clinical evaluation of glycoPEGylated
recombinant FVIIL: efficacy and safety in severe hae-
mophilia A. Thromb Haemost 2017;117:252-261.
Meunier S, Alamelu ], Ehrenforth S, Hanabusa H,
Abdul Karim F, Kavakli K, Khodaie M, Staber J, Stasy-
shyn O, Yee DL, Rageliene L: Safety and efficacy of a
glycoPEGylated rFVIII (turoctocog alpha pegol, N8-
GP) in paediatric patients with severe haemophilia A.
Thromb Haemost 2017;117:1705-1713.

Mei B, Pan C, Jiang H, Tjandra H, Strauss J, Chen Y,
Liu T, Zhang X, Severs J, Newgren J, Chen ], Gu JM,
Subramanyam B, Fournel MA, Pierce GF, Murphy JE:

36

37

38

39

40

Rational design of a fully active, long-acting PEGylated
factor VIII for hemophilia A treatment. Blood 2010;
116:270-279.

Reding MT, Ng HJ, Poulsen LH, Eyster ME, Pabinger
I, Shin HJ, Walsch R, Lederman M, Wang M, Hardtke
M, Michaels LA: Safety and efficacy of BAY 94-9027, a
prolonged-half-life factor VIIL. J Thromb Haemost
2017;15:411-419.

Mahlangu J, Kuliczkowski K, Karim FA, Stasyshyn O,
Kosinova MV, Lepatan LM, Skotnicki A, Boggio LN,
Klamroth R, Oldenburg J, Hellmann A, Santagostino
E, Baker RI, Fischer K, Gill JC, P°’Ng S, Chowdary P,
Escobar MA, Khayat CD, Rusen L, Bensen-Kennedy
D, Blackman N, Limsakun T, Veldman A, St Ledger K,
Pabinger I: Efficacy and safety of rVIII-SingleChain:
results of a phase 1/3 multicenter clinical trial in severe
hemophilia A. Blood 2016;128:630-637.

Stasyshyn O, Djambas Khayat C, Iosava G, Ong J,
Abdul Karim F, Fischer K, Veldman A, Blackman N, St
Ledger K, Pabinger I: Safety, efficacy and pharmacoki-
netics of rVIII-SingleChain in children with severe he-
mophilia A: results of a multicenter clinical trial. J
Thromb Haemost 2017;15:636-644.

Klamroth R, Simpson M, von Depka-Prondzinski M,
Gill JC, Morfini M, Powell JS, Santagostino E, Davis J,
Huth-Kuhne A, Leissinger C, Neumeister P, Bensen-
Kennedy D, Feussner A, Limsakun T, Zhou M, Veld-
man A, St Ledger K, Blackman N, Pabinger I: Com-
parative pharmacokinetics of rVIII-SingleChain and
octocog alfa (Advate(®) ) in patients with severe hae-
mophilia A. Haemophilia 2016;22:730-738.
Lissitchkov T, Hampton K, von Depka M, Hay C, Ran-
garajan S, Tuddenham E, Holstein K, Huth-Kuhne A,
Pabinger I, Knaub S, Bichler J, Oldenburg J: Novel,
human cell line-derived recombinant factor VIII (hu-
man-cl rhFVIIL; Nuwiq(®) ) in adults with severe hae-
mophilia A: efficacy and safety. Haemophilia 2015;
doi: 10.1111/hae.12793.

4

—

42

43

44

45

46

47

Fischer K, Kulkarni R, Nolan B, Mahlangu J, Rangara-
jan S, Gambino G, Diao L, Ramirez-Santiago A, Pierce
GF, Allen G: Recombinant factor IX Fc fusion protein
in children with haemophilia B (Kids B-LONG): re-
sults from a multicentre, non-randomised phase 3
study. Lancet Haematol 2017;4:e75-82.

Kenet G, Chambost H, Male C, Lambert T, Halimeh S,
Chernova T, Mancuso ME, Curtin J, Voigt C, Li Y,
Jacobs I, Santagostino E: Long-acting recombinant fu-
sion protein linking coagulation factor IX with albu-
min (rIX-FP) in children. Results of a phase 3 trial.
Thromb Haemost 2016;116:659-668.

Blanchette VS, Manco-Johnson M, Santagostino E,
Ljung R: Optimizing factor prophylaxis for the haemo-
philia population: where do we stand? Haemophilia
2004;10(suppl 4):97-104.

Carcao M, Zak M, Abdul Karim F, Hanabusa H, Kear-
ney S, Lu MY, Persson P, Rangarajan S, Santagostino E:
Nonacog beta pegol in previously treated children with
hemophilia B: results from an international open-label
phase 3 trial. ] Thromb Haemost 2016;14:1521-1529.
Escobar MA, Tehranchi R, Karim FA, Caliskan U,
Chowdary P, Colberg T, Giangrande P, Giermasz A,
Mancuso ME, Serban M, Tsay W, Mahlangu JN: Low-
factor consumption for major surgery in haemophilia
B with long-acting recombinant glycoPEGylated factor
IX. Haemophilia 2017;23:67-76.

Kitchen S, Tiefenbacher S, Gosselin R: Factor activity
assays for monitoring extended half-life FVIII and fac-
tor IX replacement therapies. Semin Thromb Hemost
2017;43:331-337.

Berntorp E, Negrier C, Gozzi P, Blaas PM, Lethagen S:
Dosing regimens, FVIII levels and estimated haemo-
static protection with special focus on rFVIIIFc. Hae-
mophilia 2016;22:389-396.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (eciRGB v2)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 842.000]
>> setpagedevice


