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Characterization of the factor VIII (FVIII) gene and expression of factor VIII through 
recombinant technology paved the way for the availability of recombinant factor VIII 
(rFVIII) for intravenous infusion, a significant breakthrough in the treatment of 
hemophilia A. Kogenate® FS (rFVIII-FS) is a native, full-length factor VIII molecule, 
produced from a baby hamster kidney cell line, purified and formulated without the 
addition of albumin, and stabilized with sucrose. Licensed in the USA and the EU in 
2000, the hemostatic efficacy and safety (low rate of adverse events, viral safety and 
low incidence of inhibitors) have been consistently demonstrated through clinical trials 
and postmarketing studies. Accumulated evidence supports the use of rFVIII-FS for 
on-demand and prophylaxis treatment regimens, continuous infusion for surgeries or 
severe bleeding episodes, and immune tolerance induction for treatment of 
persistent inhibitors.
The World Federation of Hemophilia (WFH)
estimates that 1 in every 10,000 people is born
with hemophilia A [101], with approximately
400,000 individuals affected worldwide. This
inherited bleeding disorder is associated with the
absence or insufficient production of factor VIII
(FVIII), an important element of the coagulation
cascade; disease severity ranges from mild to
severe, based upon the level of FVIII clotting
activity in the blood (severe: <0.01 IU/ml; moder-
ate: 0.01–0.05 IU/ml; mild: 0.05–0.40 IU/ml)
[101]. Disabling arthropathy can develop as a result
of repeated hemorrhages into muscles and joints.
Intracranial hemorrhages can be life threatening.
Replacement therapy with FVIII is an essential
component of the health and quality of life of
hemophilia patients. In the early 1980s, many
severe hemophilia patients were found to have
blood-borne viral infections associated with the
use of plasma-derived (pd)FVIII [1], and this
unfortunate situation provided great impetus for
improvements in donor screening/selection prac-
tices and manufacturing processes, ultimately
resulting in tremendous improvement in the
safety of therapeutic agents for the hemophilia
population. Although more expensive than
plasma-derived FVIII products, recombinant
(r)FVIII products have the inherent safety benefit
of eliminating dependence on pooled human
plasma. As a result of this advantage with respect
to viral transmission safety, the Medical and Scien-
tific Advisory Committee (MASAC) of the

National Hemophilia Foundation recommended
the use of recombinant clotting factors and has
urged the conversion from plasma-derived con-
centrates to recombinant products [2]. Kogenate®

formulated with sucrose (FS; rFVIII-FS; Bayer
HealthCare) is a full-length rFVIII produced from
a baby hamster kidney (BHK) cell line. In contrast
to Kogenate (rFVIII-BHK, the first of the rFVIII
product line from Bayer), rFVIII-FS is purified
and formulated without the addition of albumin
and is stabilized with sucrose. Additionally, the
manufacturing process includes solvent/detergent
viral inactivation for improved viral safety.

Chemical profile
Characterization of the FVIII gene, expression
of FVIII from recombinant DNA clones and
detailed amino acid analysis of the FVIII pro-
tein were technological developments that made
commercial production of rFVIII possible [3–6].
The FVIII gene (located on the X chromosome)
is 186,000 bp, and consists of 26 exons. The
9000-bp mRNA codes for a protein of 2351
amino acids, which is secreted as a 2332-amino
acid protein following N-terminal processing
and glycosylation (approximately 300,000 Da
molecular weight). The FVIII protein consists
of three types of domains (three homologous
A domains, two homologous C domains, and
the B domain; arranged A1-A2-B-A3-C1-C2),
shown schematically in Figure 1. Intracellular
processing and extracellular thrombin cleavages
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result in active FVIII, a heterotrimer of polypep-
tides 50,000 (A1), 43,000 (A2) and 73,000
(A3-C1-C2) Da. It is this heterotrimer that
functions at a critical step in the intrinsic coagu-
lation cascade, enhancing Factor X activation by
Factor IXa.

rFVIII-FS production utilizes a BHK cell line
transfected with the gene for human FVIII. This
stable and well-characterized cell line produces
glycosylated full-length protein with the func-
tionality of natural FVIII. The manufacturing
process for rFVIII-FS involves fermentation and
extensive purification, as outlined in Figure 2.
rFVIII-FS is produced from the BHK cell line in
deep tank continuous perfusion fermenters,
without the addition of fetal calf serum or other
bovine products in the production process.
rFVIII obtained from the conditioned culture
fluid undergoes an extensive purification proc-
ess, including 6-step column chromatography
and viral inactivation.

In contrast to the process for its predecessor
product, rFVIII-BHK, rFVIII-FS is produced
without the addition of albumin during purifica-
tion and during final formulation of the protein,
solvent/detergent viral inactivation is incorpo-
rated into the process, and improved purification
steps have been included. One diluent volume
size (2.5 ml) is used for all dosage forms of
rFVIII-FS. Contamination of rFVIII products
with viruses of concern for the blood/plasma sup-
ply is considered extremely unlikely. Nonetheless,

due to the theoretical risk of viral contamination,
the rFVIII-FS manufacturing process includes
solvent/detergent viral inactivation. Experimen-
tal studies with production material spiked with
model viruses representative of a broad range of
theoretical contaminants in source materials
have shown reduced viral load for many of the
process steps, including solvent/detergent inacti-
vation, immunoaffinity chromatography and
eluate hold steps [7]. Additionally, in vivo and
in vitro test systems have been utilized to demon-
strate the removal of transmissible spongiform
encephalopathy infectivity during the rFVIII-FS
manufacturing process [8–11].

Preclinical safety & efficacy studies
Preclinical studies have provided pharmaco-
kinetic, toxicological and biological data in sup-
port of the safety, tolerability and efficacy of
rFVIII-FS [7,12]. In vivo efficacy was assessed in
hemophilic dogs by measuring cuticle bleeding
times and activated partial thromboplastin time
(aPTT) following infusion of rFVIII-FS.
Improvement in aPTT and correction of bleed-
ing showed similar efficacy as previously demon-
strated with rFVIII-BHK and plasma-derived
FVIII in this same model system [12,13].

Acute toxicity studies of rFVIII-FS have been
conducted in mice, rats and rabbits, and subacute
toxicity studies in rabbits and dogs. No adverse
effects with respect to body weight gain, blood
chemistry, necropsy or histopathology were found

Figure 1. Simplified schematic of FVIII protein and activation
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for any of these studies [12]. Pharmacokinetic stud-
ies in rabbits with rFVIII-FS showed similar
plasma clearance (CL), terminal half-life (t½),
maximum plasma concentration (Cmax), AUC and
volume of distribution at steady state (Vss) values
compared with rFVIII-BHK. Hyperimmunization
of rabbits with rFVIII-FS was conducted in order
to evaluate the development of antibodies reactive
to possible neoantigens on the new recombinant
protein [12]. This immunogenicity model was
developed originally to compare rFVIII-BHK with
plasma-derived FVIII for novel epitopes on the
recombinant protein [14]. Antibodies unique to the
rFVIII-FS molecule were not detected (i.e., anti-
bodies generated following immunization with
rFVIII-FS showed similar binding to rFVIII-FS,
rFVIII-BHK or plasma-derived FVIII), similar to
the results of the original study comparing
rFVIII-BHK with plasma-derived FVIII.

Clinical development of rFVIII-FS
Previously treated patients 
The initial clinical investigation of rFVIII-FS was
conducted in previously treated patients (PTP;
≥100 prior exposure days) with severe (<2%
FVIII) hemophilia A in both North America and
Europe. Together, these multicenter studies can be
divided into four stages. Stage I consisted of a ran-
domized safety and pharmacokinetic evaluation

comparing rFVIII-FS with rFVIII-BHK. Stages
II (4 weeks of regular infusions, three-times per
week) and III (6 months of the patient’s usual
dosage and dosage regimen) assessed the efficacy
and safety of rFVIII-FS for home therapy. Stage
IIIS recorded hemostatic efficacy in patients durin
surgery and the postoperative period. Stage IIIE
assessed the efficacy and safety of rFVIII-FS over
an 18–24-month period.

Pharmacokinetic parameters for rFVIII-FS for
Europe and North America were similar [15,16]. The
North America data demonstrated bioequivalence
of rFVIII-FS and rFVIII-BHK; pharmacokinetic
parameters of the European population were simi-
lar to both rFVIII-BHK and rFVIII-FS in the
North Americn study. Data from 19 North Ameri-
can patients evaluated at 24 weeks (repeat pharma-
cokinetic and recovery analyses) showed both a
consistent pharmacokinetic profile and in vivo
properties over a 6-month treatment period.

Stages II/III/IIIE evaluated the safety and effi-
cacy of rFVIII-FS treatment in 71 patients (both
European and North American) during home
therapy over a time period greater than
18–24 months [15]. A total of 12,546 infusions
(on-demand and prophylaxis) were administered
to these patients, for a cumulative total of 11,867
exposure days (EDs). Out of 2585 bleeds, 93.5%
were treated with one or two infusions, and

Figure 2. Manufacturing process for rFVIII-FS.
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Figure 3. Efficacy of
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80.5% of responses were rated as excellent or good
(Figure 3). Adverse events were associated with less
than 2% of infusions and 0.27% of infusions were
associated with an event rated as only remotely
likely to be drug-related.

Stage IIIS confirmed the hemostatic efficacy
of rFVIII-FS during surgical procedures in PTPs.
A total of 22 surgical procedures (21 elective and
one emergency) were performed in 15 patients
during a period of 24 months. Hemostasis was
judged as either excellent (16) or good (6) by the
attending physicians for the various procedures,
which ranged from major to minor surgeries [17].

Additional support for the safety and efficacy of
rFVIII-FS was demonstrated in a three-part Japa-
nese clinical study in 20 PTPs with moderate
(n = 5) or severe (n = 15) hemophilia A. The study
included a comparison of the pharmacokinetics of
rFVIII-FS and rFVIII, a 4-week safety and efficacy
assessment of prophylactic treatment, and evalua-
tion of the safety and efficacy of on-demand
rFVIII-FS treatment over 24 or more weeks [18,19].

Previously untreated patients/minimally 
treated patients
A 2-year, international, open label, non-control-
led investigation evaluated the safety and efficacy
of rFVIII-FS in previously untreated patients
(PUPs) and minimally treated patients (MTPs)
with severe hemophilia A [20]. A total of 61 PUPs
and MTPs with severe hemophilia from 32 treat-
ment centers in Europe and North America were

treated with 753,970 IU of rFVIII-FS during this
2-year clinical investigation. Of 1178 bleeding
episodes, hemostasis was achieved with one or
two infusions in 89.2% of all bleeding episodes
(68% of bleeding episodes were rated as severe).
Thirteen adverse events in ten patients (13/750
or 1.7%) were assessed with an ‘at least possible’
relationship to study drug. These included ten
reports of inhibitor formation in nine patients.
No evidence of viral transmission through
rFVIII-FS was observed.

Safety & tolerability
Inhibitors
The development of a FVIII inhibitor (antibodies
inhibiting FVIII activity) from FVIII replacement
therapy is a serious complication for hemophilia
patients. Severity of disease, the genetic mutation
responsible for hemophilia, family history of
inhibitors, ethnicity, molecular modifications of
the FVIII molecule during the manufacturing
process, and the number of EDs to FVIII are
among the known or suspected risk factors for the
development of FVIII inhibitory antibodies. The
risk for inhibitor development was evaluated in
the prospective studies described above. For the
71 PTPs with severe hemophilia treated with
rFVIII-FS during home therapy (mean for North
America: 125 EDs, mean for Europe = 216 EDs),
there was no de novo inhibitor formation. Con-
sistent with recommendations of the FVIII and
FIX Subcommittee of the International Society of
Thrombosis and Haemostasis’ Scientific & Stand-
ardization Committee, and the European Agency
for the Evaluation of Medicinal Products to use
PTPs as the preferred population (as opposed to
PUPs) in which to evaluate product immuno-
genicity [21,22], these results support the lack of
product-related immunogenicity with rFVIII-FS.

In the PUPs/MTP study, 37 PUPs and
23 MTPs were evaluable for inhibitor analysis, and
15% (9/60) of these patients developed an inhibi-
tor titer of at least 0.6 Bethesda units (BUs) during
the study. Mutation analysis of the patient popula-
tion in this study showed that these individuals
were at high risk for inhibitor formation [20,23].
Inhibitors were identified in the nine patients (five
PUPs and four MTPs) after a median of 9 expo-
sure days. Six had inhibitor titers greater than
5 BU (high titer), and three patients had low titer
inhibitor values, of which two were transient in
nature. By comparison, the inhibitor incidence
reported in PUPs with severe hemophilia treated
with other rFVIII products (including
rFVIII-BHK) is approximately 30% [24–26].

 rFVIII-FS during home therapy.

ctor VIII formulated with sucrose. 

Number of infusions
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North America
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Adverse events
Administration of rFVIII-FS to severe hemo-
philia patients in both the PTP and PUP studies
was well tolerated. During home therapy of PTPs,
drug-related adverse events were observed in
0.27% of 12,546 infusions. Specific events were
recorded as mild or moderate, with the exception
of one patient who developed palpitations (cate-
gorized as severe) that resolved following analgesic
treatment (this patient had a 2-year history of
these symptoms prior to participation in the
study). Treatment with rFVIII-FS was not dis-
continued for any patient as a result of adverse
events. Evaluation of immune responses to
murine, BHK or rFVIII protein consisted of an
enzyme-linked immunosorbent assay (ELISA)
of plasma samples obtained at intervals through-
out the study. No clinically significant responses
were detected. No seroconversions for HIV, hepa-
titis B or C were observed. For seven patients,
hepatitis A seroconversion was attributed to
vaccination during the study period.

Adverse events for PUPs/MTPs treated with
rFVIII-FS rated as ‘at least possibly’ drug-
related were 0.14% or one out of 723 infusions.
ELISA assay of plasma samples for immu-
noglobulin (Ig)G antibodies formed to trace
mammalian proteins showed that five patients
with inhibitors detected by Bethesda assay
developed anti-rFVIII IgG and three of these
patients developed antibodies to murine IgG.
Transient elevations in antibodies to rFVIII (3),
murine IgG (7) and BHK protein (1) were
detected, but there were no related adverse
events. Monitoring for viral safety shown no
seroconversions (except in association with vac-
cination), and no evidence of viral transmission
associated with rFVIII-FS treatment.

Postmarketing studies
Following the approval of Kogenate FS in the
USA and the EU in 2000, numerous studies have
expanded upon the safety and efficacy data for this
rFVIII product.

Surveillance studies
Safety of rFVIII-FS was evaluated in a European
multicenter, post-licensure, observational study of
routine treatment of severe hemophilia patients
(<2% FVIII:C) for up to 24 months of therapy.
Data reported from an interim analysis
(12 months of observation) for 202 patients
(mean of 98.6 EDs) from nine countries,
included a total of 23,213 infusions overall during
this observation time frame [27]. A total of 40

adverse events were reported for 17 patients, none
related to rFVIII-FS replacement therapy. No
de novo inhibitors were detected in samples from
patients with at least 20 EDs. Two patients were
reported to have de novo inhibitor development: a
9-month-old PUP developed a 20 BU inhibitor
after 15 EDs; and a 19-month-old, with less than
20 ED at study entry, developed a low titer inhib-
itor, 2.2 BU, after 9 EDs to rFVIII-FS. A third
patient had a low titer assay result that could not
be confirmed with retesting, and there were no
clinical signs of an inhibitor, therefore this was
considered to be a false positive.

As a consequence of the serious ramifications,
monitoring for inhibitor development is an
important and ongoing element of FVIII replace-
ment therapy. A subcommittee of the Association
of Hemophilia Clinic Directors of Canada
(AHCDC) has evaluated the conversion of Cana-
dian hemophilia patients from rFVIII to
rFVIII-FS. Patient blood samples were evaluated
for the presence of inhibitors by the Bethesda
assay (Nijmegen modification) at baseline and 12
and 24 months following conversion to the new
product. Results of this study showed that no
inhibitors were detected in 12- or 24-month
post-switch samples among patients with nega-
tive baseline values. Only patients with pre-exist-
ing inhibitor titers at baseline (prior to the switch
to rFVIII-FS) had inhibitors in 12- or 24-month
samples [28]. 

A retrospective chart review was conducted of
Irish hemophilia patients who were switched
from using rFVIII produced from a Chinese
hamster ovary (CHO) cell line to rFVIII-FS for
replacement therapy [29]. Most patients (94.6%)
in this study had greater than 100 EDs prior to
the product change, and most (89.2%) had severe
hemophilia (≤1% FVIII:C). For up to 20 months
following the switch, plasma samples were col-
lected for inhibitor analysis (Bethesda assay with
Nijmegen modification) as part of routine clinic
visits. Of the 93 patients who were switched to
rFVIII-FS, 16 had a history of an inhibitor. Three
patients with pre-existing inhibitors had tran-
sient, low titer inhibitors detected in plasma sam-
ples during the observation period of the study.
One patient (who had moderate hemophilia,
>100 EDs) without prior inhibitor history devel-
oped a de novo inhibitor (1.0 BU) following the
switch from rFVIII-CHO to rFVIII-FS. This sin-
gle positive inhibitor assay appeared following
high-dose treatment for a surgical intervention,
and then resolved. All subsequent assays during
the observation period were negative. 
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Collectively, the results of these surveillance
studies are consistent with prelicensure studies,
and support the safety and low risk of inhibitor
development associated with the use of
rFVIII-FS. 

Immune tolerance induction
For patients with persistent inhibitors (particu-
larly high titer), routine on-demand or prophy-
lactic treatment with FVIII becomes ineffective in
controlling bleeds. Immune tolerance induction
(ITI) involves frequent, high-dose FVIII exposure
in an effort to create tolerance to the exogenously
administered FVIII. While the approach to ITI is
not standardized, and consensus on the optimal
protocol is lacking, there is good evidence (albeit
in uncontrolled studies) to suggest that ITI is
effective, with success rates of 70–80% or greater
in some reports [30–32]. rFVIII-BHK and
rFVIII-FS have been used successfully in ITI pro-
tocols. A retrospective study from five Canadian
hemophilia treatment centers was conducted that
included data obtained from 32 patients (30 with
severe hemophilia and two mild) on ITI from
1994–2003 [33]. A total of 29 patients completed
ITI after a median of 1.1 years treatment, with a
successful outcome for 23 (79.3%) patients. Suc-
cess criteria for 12 patients included a negative
inhibitor assay, normal recovery and normal half-
life. For four patients, a negative inhibitor assay
and normal FVIII recovery defined success, and a
negative inhibitor assay was the only index of suc-
cess for six patients. rFVIII was used exclusively
for 25 patients, and four patients used plasma-
derived FVIII exclusively or plasma-derived FVIII
followed by rFVIII for ITI. Nineteen of the 25
patients treated only with rFVIII for ITI had
successful outcomes [33].

Prophylaxis
Chronic arthropathy is a debilitating conse-
quence of recurrent joint bleeds, and most com-
mon in patients with severe hemophilia.
Because of evidence from a large number of
mostly retrospective and/or uncontrolled stud-
ies that demonstrated the advantages of prophy-
laxis started at an early age [34–38], the Medical
and Scientific Council of the National Hemo-
philia Foundation has advised implementation
of prophylaxis as optimal therapy for persons
with severe hemophilia A [39]. Early initiation of
prophylaxis (before onset of frequent bleeds) is
recommended with the goal of keeping trough
levels of FVIII above 1%. Recently, the results
from a prospective, randomized, controlled,

multiyear study designed to evaluate the effec-
tiveness of prophylaxis on joint outcome have
been presented by Manco-Johnson and col-
leagues [40]. This study was started using
rFVIII-BHK and later used rFVIII-FS. Young
boys with hemophilia A (with no more than
two hemorrhages per index joint) were rando-
mized to either prophylaxis (25 U/kg every
other day) or enhanced on-demand therapy (>3
infusions, totaling >80 U/kg for acute joint
bleeds). At 6 years, joint status was evaluated by
MRI and x-ray of index joints (primary out-
come). Secondary outcomes included joint
function based on a physical exam scale [41],
number of hemorrhages, and factor utilization.
At 6 years, boys randomized to the prophylaxis
group had significantly fewer hemorrhages per
year and showed improved joint function com-
pared with children treated with enhanced on-
demand therapy, supporting the effectiveness of
prophylaxis with rFVIII-FS.

Continuous infusion
Administration of FVIII by continuous infu-
sion may offer advantages over bolus adminis-
tration for surgeries and the treatment of severe
bleeding episodes. Stability of plasma FVIII
levels (fewer peaks and troughs), increased
safety, reduced factor consumption, and
reduced transfusion requirements are among
the advantages associated with continuous infu-
sion [42,43]. Issues of concern regarding continu-
ous infusion of FVIII include stability of the
FVIII preparation, contamination/sterility of
reconstituted factor, thrombophlebitis, and
potentially inhibitor formation. The stability of
rFVIII-FS for use in continuous infusion was
demonstrated in vitro [44]. Successful use of
rFVIII-FS by continuous infusion has been
reported for surgeries by Viswabandya and col-
leagues and Luboshitz and colleagues [45–47].
Combined, these studies represent surgeries on
24 patients, with excellent hemostasis, and
without perioperative complications.

Product choices & 
reconstitution systems
Kogenate FS is one of five currently marketed
rFVIII products in the USA. All of these products
are considered safe and equally effective for FVIII
replacement therapy, yet there are differences that
distinguish them [48–52]. In addition to product
safety, the ease, simplicity, and safety (particularly
exposure to needles) of FVIII reconstitution and
infusion are important issues for hemophilia
Therapy (2006)  3(6)
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patients and caregivers. Several reconstitution sys-
tems have been developed to simplify the tradi-
tional vial-to-vial reconstitution method and
minimize the risk of needlestick injury [53].
rFVIII-FS with BioSet® [53] is a self-contained,
needleless reconstitution system with a prefilled
diluent syringe for reconstitution without exposed
needles. A study by Butler and colleagues showed
that nurses, patients and caregivers preferred Bio-
Set to a plastic double-spike reconstitution device
or conventional vial-to-vial reconstitution on nine
ranking items, which included [53]: 

• Ease of use
• Safety from needlesticks
• Speed of reconstitution
• Storage convenience
• Ease of teaching the method
• Amount of waste
• Convenience for traveling,
• Ease of learning the method
• Overall preference

An ongoing, international, observational,
postmarketing study is evaluating patient satis-
faction and preferences compared with previous
infusion methods for patients who converted to
rFVIII-FS with BioSet. An analysis of data col-
lected to date for German patients with hemo-
philia (n = 77 completed the study) has been
presented recently [54]. The results of the German
cohort showed that most patients (>90%) pre-
ferred the BioSet reconstitution system compared
with their previous method.

Conclusion
rFVIII-FS is a recombinant product for the
treatment of hemophilia A that is purified and
formulated without plasma-derived blood prod-
ucts. The production process includes viral inac-
tivation/elimination steps, for an added margin
of safety. North American pharmacokinetic
studies demonstrated bioequivalence between
rFVIII-FS and its predecessor recombinant
product, and by extension, with plasma-derived
FVIII. Clinical trials with rFVIII-FS in both
PTPs and PUPs/MTPs have demonstrated the
efficacy (on-demand, prophylaxis and surgery)
and safety (viral safety and adverse events) for
this preparation. De novo inhibitors were not
detected in the studies with PTPs (thus no
increased immunogenicity associated with the
product), and inhibitor incidence was low
(15%) over the period of observation for the
PUP/MTP study. Formation of antibodies to
BHK or murine IgG was infrequent and minor,

and when present, not associated with adverse
events or interference with efficacy. Postmarket-
ing studies have supported these safety and effi-
cacy results, and additionally, rFVIII-FS has
been used effectively for long-term prophylaxis,
continuous infusion and ITI.

Expert commentary
Collectively, rFVIII-FS and rFVIII-BHK have
now been used for over 17 years, with an excel-
lent record of hemostatic efficacy, low rate of
drug-related adverse events, low rate of inhibitor
formation, and without a single documented case
of viral transmission attributed to either product.
While all rFVIII products on the market are safe
and effective replacement therapies, differences in
cell lines and manufacturing processes differenti-
ate the products. The manufacture of rFVIII-FS
differs from its predecessor because it is produced
without the addition of albumin during the puri-
fication process and final formulation, and sol-
vent/detergent viral inactivation has been
incorporated into the process. The low rate of
inhibitor formation in PUPs/MTPs treated with
rFVIII-FS perhaps distinguishes this product
from rFVIII-BHK and other rFVIIIs. However,
differences in study design and patient popula-
tions complicate comparison of inhibitor rates
between studies and products. 

Despite the documented benefits of a prophy-
lactic treatment regimen on joint health and
quality of life, there are difficulties with compli-
ance [55], and several surveys have helped to pro-
vide a better view of the extent to which
prophylaxis is used in North America [56–58]. The
development of longer-acting FVIII preparations
or alternate delivery systems could result in
improved adherence to prophylaxis. Modifica-
tions of the FVIII protein that may extend the
half-life include conjugation of polyethylene gly-
col (PEG) or polysialic acids to the molecule, or
formulation with pegylated liposomes [59]. Pre-
liminary results from prophylactic treatment of
severe hemophilia A patients with rFVIII-FS for-
mulated with PEG liposomes showed a signifi-
cant extension in hemostatic efficacy compared
with rFVIII-FS treatment [60]. Safety and phar-
macokinetic studies support continued evalua-
tion of the long-term safety and efficacy of this
longer acting formulation of rFVIII-FS [61].

As summarized by Lillicrap and colleagues,
future approaches to hemophilia (involving treat-
ment of the genetic defects) may take one of several
forms: viral gene transfer, cell-based gene therapy,
non-viral gene transfer or mutation repair [62].
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Until a cure becomes a reality for the global
hemophilia community, it is imperative to ensure
that safe and effective replacement treatment is
available to those who need it.

Acknowledgements
The authors would like to thank Adrienne L Block, Bayer
Pharmaceuticals Corp., and Wendy E Scales, Scientific
Notation, for editorial contributions to the manuscript.

combinant factor VIII (rFVIII-FS; Kogenate® FS) is a native, full length FVIII molecule manufactured from a 
cell line. It is purified and formulated without albumin, and contains sucrose as a stabilizing agent.
ed in previously treated patients and previously untreated patients demonstrated the safety (including viral 
ce of inhibitor formation) and hemostatic efficacy of rFVIII-FS. The drug was approved for marketing in the 
00.
lance studies have supported the initial results from clinical trials for low incidence of inhibitor formation.
FVIII-FS in prophylaxis and on-demand treatment regimens, continuous infusion, and immune tolerance 
monstrated.
n system associated with rFVIII-FS simplifies reconstitution and provides an additional measure of safety 
s).
Bibliography
1. Mannucci PM. Hemophilia: treatment 

options in the twenty-first century. J. 
Thromb. Haemost. 1(7), 1349–1355 
(2003).

2. National Hemophilia Foundation Medical 
and Scientific Advisory Council. MASAC 
Recommendation Regarding the Use of 
Recombinant Clotting Factor Products with 
respect to pathogen transmission. MASAC 
Document 169 (replaces 106) (2006).

3. Toole JJ, Knopf JL, Wozney JM et al. 
Molecular cloning of a cDNA encoding 
human antihaemophilic factor. Nature 
312(5992), 342–347 (1984).

4. Vehar GA, Keyt B, Eaton D et al. 
Structure of human factor VIII. Nature 
312(5992), 337–342 (1984).

5. Gitschier J, Wood WI, Goralka TM et al. 
Characterization of the human factor VIII 
gene. Nature 312(5992), 326–330 (1984).

6. Wood WI, Capon DJ, Simonsen CC et al. 
Expression of active human factor VIII 
from recombinant DNA clones. Nature 
312(5992), 330–337 (1984).

7. Data on File. Bayer Corporation.
8. Petteway SR, Lee D, Stenland C et al. 

Application of a western blot assay to the 
detection of Prpres partitioning during 
selected plasma fractionation process 
steps. Haemophilia 4(3), 166 (1998).

9. Lee DC, Miller JLC, Petteway SR Jr. 
Pathogen safety of manufacturing 
processes for biological products: special 
emphasis on KOGENATE Bayer. 
Haemophilia 8(Suppl. 2), 6–9 (2002).

10. Lee DC, Stenland CJ, Miller JL et al. A 
direct relationship between partitioning of 
the pathogenic prion protein and 
transmissible spongiform encephalopathy 

infectivity during the purification of 
plasma proteins. Transfusion 41(4), 
449–455 (2001).

11. Lee DC, Stenland CJ, Hartwell RC et al. 
Monitoring plasma processing steps with a 
sensitive Western blot assay for the detection 
of the prion protein. J. Virol. Methods 84(1), 
77–89 (2000).

12. Kowolenko M, Irwin R, Wroblewsky V. 
Preclinical evaluation of an improved 
formulation of human recombinant FVIII 
(Kogenate-2); toxicology, pharmacology, 
pharmacokinetics, and neoantigenicity. 
Thromb. Haemost. (Suppl.), 509–510, (1997) 
(Abstract PS-2084).

13. Giles AR, Tinlin S, Hoogendoorn H et al. 
In vivo characterization of recombinant factor 
VIII in a canine model of hemophilia A 
(factor VIII deficiency). Blood 72(1), 
335–339 (1988).

14. Esmon PC, Kuo HS, Fournel MA. 
Characterization of recombinant factor VIII 
and a recombinant factor VIII deletion 
mutant using a rabbit immunogenicity model 
system.  Blood 76(8), 1593–1600 (1990).

15. Abshire T, Brackmann H-H, Scharrer I et al. 
Sucrose-formulated recombinant human 
antihemophilic factor VIII is safe and 
efficacious for treatment of hemophilia A in 
home therapy: results of a multicenter, 
international, clinical investigation. Thromb. 
Haemost. 83(6), 811–816 (2000).

16. Rothschild C, Scharrer I, Brackmann H-H 
et al. European data of a clinical trial with a 
sucrose formulated recombinant factor VIII 
in previously treated haemophilia A patients. 
Haemophilia 8(Suppl. 2), 10–14 (2002).

17. Scharrer I, Brackmann H-H, Sultan Y et al. 
Efficacy of a sucrose formulated recombinant 
factor VIII (rFVIII-SF) used for 22 surgical 

procedures in patients suffering from severe 
haemophilia A. Haemophilia 6(6), 614– 618 
(2000).

18. Shirahata A, Fukutake K, Takamatsu J, 
Shima M, Yoshioka A. Pharmacokinetics, 
prophylactic effects, and safety of a new 
recombinant FVIII formulated with 
sucrose (BAY 14-2222) in Japanese 
patients with hemophilia A. Int. J. 
Hematol. 72(1), 101–107 (2000).

19. Yoshioka A, Shima M, Fakutake K et al. 
Safety and efficacy of a new recombinant 
FVIII formulated with sucrose (rFVIII-
FS) in patients with haemophilia A: a 
long-term, multi-centre clinical study in 
Japan. Haemophilia 7(3), 242–249 
(2001).

20. Kreuz W, Gill JC, Rothschild C et al. Full-
length sucrose-formulated recombinant 
factor VIII for treatment of previously 
untreated or minimally treated young 
children with severe haemophilia A. 
Results of an international clinical 
investigation. Thromb. Haemost. 93(3), 
457–467 (2005).

21. Note for Guidance on the Clinical 
Investigation of Recombinant Factor VIII 
and IX Products. CPMP/BPWG/1561/99 
(2000).

22. White GC, DiMichele DM, Mertens K 
et al. Utilization of previously treated 
patients (PTPs), noninfected patients 
(NIPs), and previously untreated patients 
(PUPs) in the evaluation of new Factor 
VIII and Factor IX concentrates. Thromb. 
Haemost. 81(3), 462 (1999).

23. Oldenburg J, Ivaskevicius V, Schröder J, 
Müller CR, Ganguly A. Genetic 
background and inhibitors in previously 
untreated or minimally treated young 
Therapy (2006)  3(6)



Kogenate® FS – DRUG PROFILE
patients with severe haemophilia A treated 
with sucrose-formulated recombinant 
factor VIII. Thromb. Haemost. 95(5), 
903–905 (2006).

24. Gruppo R, Chen H, Schroth P, Bray GL. 
Safety and immunogenicity of recombinant 
factor VIII (Recombinate) in previously 
untreated patients: a 7.3 year update. 
Haemophilia 4(3), 228 (1998).

25. Lusher JM, Lee CA, Kessler CM, 
Bedrosian CL. The safety and efficacy of B-
domain deleted recombinant factor VIII 
concentrate in patients with severe 
haemophilia A. Haemophilia 9(1), 38–49. 
(2003).

26. Lusher J, Abildgaard C, Arkin S et al. 
Human recombinant DNA-derived 
antihemophilic factor in the treatment of 
previously untreated patients with 
hemophilia A: final report on a hallmark 
clinical investigation. J. Thromb. Haemost. 2, 
574–583 (2004).

27. Musso R, Santagostino E, Faradji A et al. 
Post-marketing surveillance study of 
Kogenate Bayer (Kogenate FS) in 202 
patients with severe hemophilia A. 
Haemophilia 12(Suppl. 2), PO110 (2006).

28. Rubinger M, Hanna K, Lillicrap D et al. 
The incidence of Factor VIII (FVIII) 
inhibitors in the Canadian hemophilia 
population after the widescale switch from 
Kogenate (KG) to Kogenate-FS (KG-FS) – a 
three year follow-up surveillance study. 
Blood 102(11), 799a (2003).

29. Singleton E, Smith J, Kavanagh M, 
Nolan B, White B. Survey of factor VIII 
inhibitor development in the Irish 
haemophilia A population following the 
switch from CHO-produced rFVIII to 
BHK-produced rFVIII-FS. Haemophilia 
12(S2), PO426 (2006).

30. Wight J, Paisley S, Knight C. Immune 
tolerance induction in patients with 
haemophilia A with inhibitors: a systematic 
review. Haemophilia 9(4), 436–463 (2003).

31. DiMichele DM, Kroner BL. The North 
American Immune Tolerance Registry: 
practices, outcomes, outcome predictors. 
Thromb. Haemost. 87(1), 52–57 (2002).

32. Unuvar A, Warrier I, Lusher JM. Immune 
tolerance induction in the treatment of 
paediatric haemophilia A patients with 
factor VIII inhibitors. Haemophilia 6(3), 
150–157 (2000).

33. Barnes C, Rivard GE, Poon MC et al. 
Canadian multi-institutional survey of 
immune tolerance therapy (ITT) – 
experience with the use of recombinant 
factor VIII for ITT. Haemophilia 12(1), 1–6 
(2006).

34. Liesner RJ, Khair K, Hann IM. The 
impact of prophyactic treatment on 
children with severe haemophilia. Br. J. 
Haematol. 92(4), 973–978 (1996).

35. Lofqvist T, Nilsson IM, Berntorp E, 
Pettersson H. Haemophilia prophylaxis in 
young patients – a long-term follow-up. 
J. Intern. Med. 241(5), 395–400 (1997).

36. Nilsson IM, Berntorp E, Lofqvist T, 
Pettersson H. Twenty-five years’ 
experience of prophylactic treatment in 
severe haemophilia A and B. J. Intern. 
Med. 232(1), 25–32 (1992).

37. Kreuz W, Escuriola-Ettingshausen C, 
Funk M, Schmidt H, Kornhuber B. When 
should prophylactic treatment in patients 
with haemophilia A and B start? The 
German experience. Haemophilia 4(4), 
413–417 (1998).

38. Aledort LM, Haschmeyer RH, 
Pettersson H. A longitudinal study of 
orthopaedic outcomes for severe factor-
VIII-deficient haemophiliacs. The 
Orthopaedic Outcome Study Group. 
J. Intern. Med. 236(4), 391–399 (1994).

39. National Hemophilia Foundation Medical 
and Scientific Advisory Council. MASAC 
Recommendation Concerning Prophylaxis: 
Regular Administration of Clotting Factor 
Concentrate to Prevent Bleeding. MASAC 
Document 170 (2006).

40. Manco-Johnson M, Abshire T, Brown D 
et al. Initial results of a randomized, 
prospective trial of prophylaxis to prevent 
joint disease in young children with factor 
VIII (FVIII) deficiency. Blood (ASH 
Annual Meeting Abstracts) 106(11) (2005) 
(Abstract 3).

41. Manco-Johnson MJ, Nuss R, Funk S, 
Murphy J. Joint evaluation instruments 
for children and adults with haemophilia. 
Haemophilia 6(6), 649–657 (2000).

42. Batorova A, Martinowitz U. Continuous 
infusion of coagulation factors. 
Haemophilia 8(3), 170–177 (2002).

43. Schulman S. Continuous infusion. 
Haemophilia 9(4), 368–375 (2003).

44. Henze W, Kellermann E, Larson P, 
Gorina E. Stability of full-length 
recombinant FVIII formulated with 
sucrose during continuous infusion using 
a mini-pump infusion device. J. Thromb. 
Haemost. 3(7), 1530–1531 (2005).

45. Luboshitz J, Lubetsky A, 
Maas-Enriquez M, Gorina E, 
Martinowitz U. Clinical evaluation of 
continuously infused sucrose formulated 
recombinant factor VIII during surgery. 
Haemophilia 12(S2), PO102 (2006).

46. Viswabandya A, Lee V, Cherian V et al. 
Continuous infusion of Kogenate FS for 
hemostasis for surgery in hemophilia. 
Haemophilia 10(S3), 105 (2004).

47. Lubetsky A, Kenet G, Martinowitz U. 
Stability of Kogenate FS for continuous 
infusion. Haemophilia 12(S2), PO101 
(2006).

48. Kogenate® FS with BIO-SET®, package 
insert. Bayer HealthCare LLC, Tarrytown, 
NY, USA.

49. Recombinate™, package insert. Baxter 
Healthcare Corporation, CA, USA.

50. Advate®, package insert. Baxter 
Healthcare Corporation, Westlake Village, 
CA, USA.

51. ReFacto®, package insert. Wyeth 
Pharmaceuticals Inc, PA, USA.

52. Helixate®, package insert. ZLB Behring 
LLC, Kankakee, IL, USA.

53. Butler R, Larson P, Mannix S et al. 
Evaluation of user preference for a 
needleless factor VIII delivery device for 
haemophilia patients. J. Outcomes Res. 8, 
63–78 (2004).

54. Goldmann G, Klamroth R, Haupt V, 
Kellermann E. Patients' satisfaction with a 
new reconstitution system for Kogenate 
Bayer: initial German experiences. 
Haemophilia 12(S2), PO965 (2006).

55. Hacker MR, Geraghty S, 
Manco-Johnson M. Barriers to compliance 
with prophylaxis therapy in haemophilia. 
Haemophilia 7(4), 392–396 (2001).

56. Butler RB, McClure W, Wulff K. Practice 
patterns in haemophilia A therapy – a 
survey of treatment centres in the United 
States. Haemophilia 9(5), 549–554 
(2003).

57. Blanchette VS, McCready M, Achonu C 
et al. A survey of factor prophylaxis in 
boys with haemophilia followed in North 
American haemophilia treatment centres. 
Haemophilia 9(Suppl. 1), 19–26 (2003).

58. Blanchette P, Rivard G, Israels S et al. A 
survey of factor prophylaxis in the 
Canadian haemophilia A population. 
Haemophilia 10(6), 679–683 (2004).

59. Saenko EL, Pipe SW. Strategies towards a 
longer acting factor VIII. Haemophilia 
12(Suppl. 3), 42–51 (2006).

60. Spira J, Plyushch O, Andreeva T, 
Andreev Y. Prolonged hemostatic efficacy 
associated with prophylactic infusion of 
recombinant factor VIII (Kogenate FS) 
reconstituted with pegylated liposomes. 
Haemophilia 12(Suppl. 2), FP646 (2006).

61. Powell JS, Harrison J, Nugent D et al. 
Pharmacokinetic properties and safety of 
rFVIII (kogenate FS) formulated with 
www.future-drugs.com 707



DRUG PROFILE – Lusher & Chitlur 
polyethylene glycol-liposomes in patients 
with severe hemophilia. Haemophilia 
12(Suppl. 2), S642 (2006).

62. Lillicrap D, Vandendriessche T, High K. 
Cellular and genetic therapies for 
haemophilia. Haemophilia 12(Suppl. 3), 
36–41 (2006).

Websites
101. World Federation of Hemophilia 

www.wfh.org 
(Accessed June 2006)

102. Baxject 
www.hemophiliagalaxy.com/therapies/baxj
ect/index.html 
(Accessed June 2006)

103. Mix2Vial: An alternate transfer device 
www.zlbbehringmix2vial.com 
(Accessed June 2006)

104. Refacto R2 Kit 
www.hemophiliavillage.com/refacto 
(Accessed June 2006)

Affiliations

Jeanne Lusher, MD

Children’s Hospital of Michigan, 
3901 Beaubien Boulevard, 
Detroit, MI 48201 USA
Tel.: +1 313 745 5515
Fax: +1 313 745 5237
jlusher@med.wayne.edu

Meera Chitlur, MD,

Children’s Hospital of Michigan, 
3901 Beaubien Boulevard, 
Detroit, MI 48201 USA
Tel.: +1 313 745 5515
Fax: +1 313 745 5237
mchitlur@med.wayne.edu
708 Therapy (2006)  3(6)


	Are guidelines on cardiovascular risk
	Hyperphosphatemia and vascular
	BULLETIN BOARD
	Kogenate® FS: antihemophilic
	Long-acting testosterone undecanoate
	Darifenacin: a selective M3 muscarinic
	Irbesartan: a review of its use alone
	Antibiotic resistance: what have we learned
	Idiopathic hyperuricosuria, hypercalciuria
	Comparative efficacy and safety of atorvastatin
	Natriuretic peptide receptor 3 genotype
	N-acetylcysteine in the prevention
	Management of eosinophilic esophagitis
	GLOSSARY
	APPENDICES
	ACKNOWLEDGEMENTS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice




