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Abstract Background The pharmacokinetic (PK) properties of extended half-life (EHL) factor
VIII (FVIII) concentrates differ, leading to variation in the optimal dosing regimen for
the individual patient. The aim of this study was to establish these PK differences for
various EHL FVIII concentrates by in silico simulations.
Methods FVIII level over time profiles of rFVIII-SC, BAY 81–8973, rFVIII-Fc, BAX 855,
BAY 94–9027, and standard half-life (SHL) rFVIII concentrates were simulated for 1,000
severe hemophilia A patients during steady-state dosing of 40 IU/kg every 72 hours or
dosing as advised in the summary of product characteristics (SmPC).
Results Although the elimination half-life values were comparable for rFVIII-FC, BAX
855, and BAY 94–9027, a higher area under the curve (AUC; 2,779 IU/h/dL) for BAY 94–
9027 was obtained. During steady-state dosing of 40 IU/kg every 72 hours, 58.5%
(rFVIII-SC), 69.3% (BAY 81–8972), 89.0% (rFVIII-Fc), 83.9% (BAX 855), and 93.7% (BAY
94–9027) of the patientsmaintained a trough level of 1 IU/dL, comparedwith 56.0% for
SHL rFVIII. Following dosing schemes described in the SmPC, between 51.0 and 65.4%
or 23.2 and 31.1% of the patients maintained a target trough level of 1 IU/dL or 3 IU/dL,
respectively.
Conclusion BAY 94–9027 showed the largest increase of AUC and best target
attainment compared with SHL rFVIII, followed closely by BAX 855 and rFVIII-Fc. BAY
81–8973 and rFVIII-SC showed smaller PK improvements. Although our analyses
increase insight into the PK of these FVIII concentrates, more studies evaluating the
relation between factor levels and bleeding risk are needed.
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Introduction

Hemophilia A is an inherited X-linked bleeding disorder
caused by a deficiency of coagulation factor VIII (FVIII) and
characterized by severe bleedingmainly in joints andmuscles.
Mainstayof treatment is still intravenous replacement therapy
consistingof FVIII concentrate in case of bleeding or to prevent
(perioperative)bleeding. Severe andsomemoderatelyaffected
patients receive prophylactic treatment to prevent spontane-
ous and frequent bleeding with long-term development of
hemophilic arthropathy. When the “low dose” strategy is
applied, dosing of factor concentrates is still mainly based
on the patients’ body weight and is generally adjusted on the
basis of bleeding frequency.1 Currently, pharmacokinetic (PK)
guided dosing is increasingly applied to optimize dosing in the
individual patient, and may be helpful when introducing a
novel factor concentrate.2–5

In most countries for a long time, so-called standard half-
life (SHL) recombinant FVIII concentrates have been used to
treat hemophilia A patients on demand and prophylactically.
These FVIII concentrates are characterized by a half-life that
ranges from 11 to 16 hours, leading to prophylactic dosing
every 24 to 72 hours, which is a burden for patients and
families.6 To extend the terminal half-life of FVIII, modifica-
tions of physiological and PK properties have been performed.
The benefits of these extended half-life (EHL) concentrates are
clear: an EHL FVIII concentrate can hypothetically be adminis-
tered less frequently without a reduction in efficacy.

Currently, four EHL FVIII concentrates are available in
Europe: FVIII coupled to the neonatal Fc receptor, e.g., rFVIII-
Fc (Elocta) and three PEGylated recombinant FVIII concen-
trates, e.g., BAX 855 (Adynovi), BAY 94–9027 (Jivi), and N8-GP
(Esperoct). These EHL FVIII concentrates showa 1.4- to 1.7 fold
increase in half-life compared with SHL FVIII concentrates.7–9

Thesehalf-life increases are less than thoseobtained in theEHL
FIX concentrates, as FVIII is dependent on von Willebrand
factor (VWF) to extend its half-life.10 Furthermore, two FVIII
concentrates with improved PK characteristics based on pro-
tein modification that improve FVIII stability have been regis-
tered, of which it is debatable if they meet the criteria of the
EHL concentrates.11 One is a single-chain FVIII concentrate
(rFVIII-SC, Afstyla) and the other is a FVIII concentratewithout
extra modifications (BAY 81–8973, Kovaltry).

A typical initial regimen of EHL FVIII concentrate in adults
with hemophilia A consists of dosing every third to fifth day.
However, both the PK properties of EHL FVIII concentrates and
interindividual variability of the PK of a FVIII concentrate will
influence the concentrate’s prophylactic efficacy when this
dosing scheme is applied.12,13 Therefore, to establish the best
dosing regimen, differences in the PK properties of concen-
trates should be taken into account. In the literature, the PK
properties of the factor concentrates observed during clinical
studies are reported. However, comparison of these PK prop-
erties can be difficult, as different dosing regimens are fol-
lowed in these clinical studies, influencing for instance the
areaunder the curve (AUC). Furthermore, clinical PKoutcomes
such as time spent above a target FVIII level are often not
presented. Therefore, a direct comparison between factor

concentrates can be helpful. Several studies have already
compared the PK properties of several EHL FVIII concentrates;
however, none have yet described a simultaneous comparison
of all currently available FVIII concentrates.14–16 Fortunately,
population PK models of the various FVIII concentrates have
beenpublished or are publicly available that describe the PKof
the FVIII concentrates in a typical patient as well as the intra-
and interindividual variability.17–21With these population PK
models, Monte Carlo simulations can be performed. In this
manner, individual PK profiles of a virtual population are
obtained that match the patient characteristics of the popula-
tion fromwhich themodelwas constructed,while no costs are
made and patients are not exposed to therapeutic interven-
tions. As collection of real-world data is time-consuming,
other methods of comparison, such as the Monte Carlo sim-
ulations, are an important instrument to gain insight into PK
differences to inform the physician and patients which factor
concentrate may best fit the requirements of each individual
patient. Hence, the aim of this study was to compare the PK
characteristics of the currently available EHL FVIII concen-
trates using Monte Carlo simulations.

Methods

Comparison of the FVIII concentrates was performed by
generation of FVIII level versus time profiles in silico by
Monte Carlo simulations using the NONMEM v7.4.1 (ICON
Development Solutions, Ellicott City, Maryland, United
States) software. Profiles were created for the following
EHL concentrates: rFVIII-Fc (Elocta, Swedish Orphan Biovi-
trum AB, Sweden), BAX 855 (Adynovi, Takeda Pharmaceuti-
cal Company Limited, Japan), and BAY 94–9027 (Jivi, Bayer
AG, Germany). rFVIII-SC (Afstyla, CSL Behring GmbH,
Germany) and BAY 81–8973 (Kovaltry, Bayer AG, Germany)
were also included in this analysis. The different EHL FVIII
concentrates were compared with SHL rFVIII concentrates
such as Advate (Takeda Pharmaceutical Company Limited,
Japan) and Kogenate (Bayer AG, Germany). No population PK
model for N8-GP has been published. Therefore, this concen-
trate was not included in this analysis.

Virtual Study Population
A virtual population of 1,000 patients with severe hemophilia
A was simulated with R software (version 3.4.1; R-core team
2017). The virtual patients were given different total body
weight, leanbodyweight, fat-freemass, age, andVWF levels, as
these patients’ characteristics have been described in the
population PK models of the examined FVIII concentrates.
The ranges of these characteristics were set to corresponding
values that were found in every population used for model
building. As a result, age ranged from12 to 60 years, total body
weight ranged from 42 to 106 kg, and VWF from 53 to 290 U/
dL. Moreover, the physiological relationship between these
patient characteristics was taken into account. Using expert
knowledge, a relation between age and weight was simulated
with the use of the tmvtnorm package in R. Many studies
observed an age-related increase in VWF levels.22–27 In type 1
VWD patients, a VWF increase between 1.81 and 3.68 IU/dL
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per decade was observed, while in a healthy population an
average rise of 11 to 18 IU/dL every decade was ob-
served.24,28–30 Since unfortunately no publication was found
in which the VWF increase was described in hemophilia
patients of all ages, the age-related increase in VWF levels of
the healthy population was adopted. This relation plus extra
random noise with a standard deviation of 55.3 U/dL, as
described in the publication of the population PK model of
BAY94–9027,was included in thesimulationof theVWF levels
so that the VWFrangedbetween 53 and260U/dL.21 Lean body
weight was calculated using total body weight with the
formula of Janmahasatian et al.31 The fat-free mass was
estimated with the equation of Deurenberg et al for body-fat
percentage.32 For the sake of simplicity, we assumed that all
subjects in the simulations were severe hemophilia patients
and had no endogenous FVIII, as is characteristic for severe
hemophilia A patients on prophylaxis.

Monte Carlo Simulations
Individual PK parameters and subsequent FVIII level versus
timeprofiles per virtual patient were obtained byMonte Carlo
simulations. This method takes the distribution of PK param-
eters, such as clearance and volume of distribution, into
account and takes random samples from these distributions
in a repeated process (for instance 1,000 times), creating
different sets of PK parameters. The Monte Carlo procedure
allows for interindividual variability to be taken into account.
As a result, virtual patients with the same characteristics had
different clearance values. Population PK models of the con-
centrates published in the literature were used by the Monte
Carlo method to simulate the FVIII level versus time pro-
files.12,17–21 The PK parameters and equations used in the
population PK models are presented in ►Supplementary

Tables S1 to S4 (available in the online version).
Importantly, the applied population PK models were

based on FVIII levels measured by different assays. The
data used for the SHL rFVIII population PKmodel were based
on the one-stage assay (OSA), while the models for BAY 81–
8973 and rFVIII-SC were based on chromogenic assays
(CSAs). The population PK models of the EHL concentrates
(rFVIII-Fc, BAX855, andBAY94–9027)were all based on FVIII
levels measured by both OSA and CSA. Additional informa-
tion on the population PK models can be found in the
Supplementary Methods section (Supplementary Material,
available in the online version).

FVIII Concentrate Dosing
To compare the PK properties of the described FVIII concen-
trates, two dosing scenarios were simulated. In clinical
practice, FVIII replacement therapy is often applied as pro-
phylaxis in severe hemophilia A patients. Therefore, steady-
state dosing scenarios were evaluated. A dosing regimen of
40 IU/kg every 72 hours was chosen for direct comparison of
the FVIII concentrates, as this regimen corresponds most to
the varying regimens described in the summary of product
characteristics (SmPC) of the examined FVIII concen-
trates.33–38 This regimen is only used for theoretical com-
parison of the FVIII concentrates. Recommended dosing

regimens described in the SmPC were used to compare
implications of the PK differences of these concentrates in
clinical practice. Since the SmPCs describe a range of recom-
mended dosing schemes, the middle of these advised dosing
schemes was chosen when possible (►Supplementary

Table S6, available in the online version). In all cases, the
dose was based on the total body weight of the virtual
patients and rounded to the closest whole FVIII concentrate
vial of 250 IU, reflecting a real-life clinical situation.

Comparison of Pharmacokinetic Properties
For the virtual patients, individual clearance and volume of
distribution values were generated using Monte Carlo simu-
lation. Therefrom, other PK characteristics such as the elimi-
nation half-life, area under the activity versus time profile
(AUC), in vivo recovery (IVR), and the time patients spent per
week above 1 IU/dL, 3 IU/dL, and 5 IU/dL were calculated.
Additionally, individual doses were calculated, based on
individual PK parameters of each virtual patient, to maintain
trough levels >1 IU/dL, 3 IU/dL, and 5 IU/dL during steady-
state dosing using the dosing interval of 72 hours or the
dosing interval described in the SmPC of the concentrate.

Results

A dataset of 1,000 virtual patients was created. Patients were
given different total body weight, lean body weight, fat free
mass, age, VWF and hematocrit levels. In ►Fig. 1, the
relationship between all simulated patient characteristics
is displayed. This dataset was used to perform Monte Carlo
simulations, from which individual PK parameters and sub-
sequent FVIII level over time profiles were obtained. In the
results described below, PK parameters of BAX 855, rFVIII-Fc,
and BAY 94–9027 are presented based on population PK
models constructed using data obtained with the OSA meth-
od. In ►Supplementary Table S5 and ►Supplementary

Fig. S1 (available in the online version), additional results
based on the CSA method can be found.

Comparison with Similar Dosing Regimen
To compare the FVIII concentrates, the PK differences during
steady-state dosing of 40 IU/kg every 72 hours were evaluat-
ed. In►Fig. 2, the individually predicted FVIII level over time
curves are presented that were obtained with this dosing
scheme. To compare the FVIII level over time curves more
easily, curves are combined in ►Supplementary Fig. S1

(available in the online version). Thefigures show that dosing
of BAY 94–9027 produces the highest median FVIII trough
levels. The FVIII level over time curves of BAX 855 and rFVIII-
Fc appear to be approximately similar. In ►Supplementary

Fig. S2 (available in the online version) the FVIII level over
time curves are displayed on a non-log scale, which provides
a better representation of the achieved peak levels.

The FVIII level over time curves were used to calculate the
elimination half-life, AUC, and IVR. The median elimination
half-life was prolonged from 12.6 hours for SHL rFVIII, to
13.9 hours for BAY 81–8973, 15.2 hours for BAX 855,
17.3 hours for rFVIII-Fc, and 17.2 hours for BAY 94–9027
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Fig. 1 Relationships between the various simulated patient characteristics of the 1,000 virtual study patients. FFM, fat free mass; LBW, lean
body weight; VWF: von Willebrand factor.

Fig. 2 FVIII level over time curves of FVIII concentrates after steady-state dosing of 40 IU/kg per 72 hours on a logarithmic scale.Colored solid lines represent
the median and the dotted lines the 2.5th and the 97.5th percentiles. For rFVIII, BAX 855, rFVIII-FC, and BAY 94–9027, the one-stage assay was applied to
obtain the FVIII level. The curves of rFVIII-SC and BAY 81–8973 are based on FVIII levels obtained with a chromogenic assay.
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(►Fig. 3A). The median half-life of rFVIII-SC (12.5 hours) was
comparable to that of SHL rFVIII (12.6 hours). Larger differ-
ences between the examined concentrates are seen when
comparing the AUC values obtained during the steady-state
dosing (►Fig. 3B). BAY 81–8973 and rFVIII-SC demonstrated
small increases in median AUC values compared with SHL
rFVIII (1,259 IU/h/dL). However, higher AUC values were
obtained with the “true” EHL concentrates. BAY 94–9027
had the highest median AUC value of 2,779 IU/h/dL, followed
by BAX 855with amedian AUC of 1,851 IU/h/dL and rFVIII-Fc
with an AUC of 1,680 IU/h/dL. The median IVR of BAX 855
was similar to that of SHL rFVIII (2.5 IU/dL per IU/kg), while
BAY 94–9027 showed a slightly higher median IVR (2.8 IU/dL
per IU/kg). rFVIII-Fc, rFVIII-SC, and BAY 81–8973 demon-
strated lower median IVR values than SHL rFVIII (►Fig. 3C).

To gain more clinical insight into the impact of the differ-
ences in PK properties between the FVIII concentrates during
steady-state dosing of 40 IU/kg every 72 hours, we evaluated
the time patients spent above 1 IU/dL per week (¼ 168hours)
(►Fig. 4A), e.g., when avirtual patient spends 168 hours above
1 IU/dL, the FVIII level never drops below 1 IU/dL. For all of the
examined FVIII concentrates, FVIII levels will not drop below
1 IU/dL inat least50%of thepatients. BAY94–9027 showed the
highest percentage of patients maintaining FVIII levels above
1 IU/dL (93.3%), followed by rFVIII-Fc (89.0%) and BAX 855
(83.9%). For rFVIII, rFVIII-SC, and BAY 81–8973, around 25% of
the patients spent less than 144 hours above 1 IU/dL, thereby
demonstrating a FVIII level under 1 IU/dL around 24 hours per
week. In►Fig. 5A the results of the time patients spent above

3 IU/dL per week during steady-state dosing of 40 IU/kg every
72 hours are presented. Only 14.1% of the patients maintain a
trough level of 3 IU/dL after SHL rFVIII administration, while
this is between 52.8 (BAX 855) and 75.9% (BAY 94–9027) for
the “true” EHL concentrates. Results for time patients spent
above 5 IU/dL per week can be found in ►Supplementary

Table S5 and►Supplementary Fig. S3 (available in the online
version).

Additionally, the PK characteristics of the concentrates
were compared in an artificial way by calculating the dose
needed to achieve specific trough levels when dosing every
72 hours. For a target trough level of 1 IU/dL, median (artifi-
cial) doses of 34.7, 28.2, and 19.8 IU/kg every 72 hours can be
administrated for rFVIII, rFVIII-SC, and BAY 81–897, respec-
tively (►Fig. 3D). Lower (artificial) doses of the “true” EHL
concentrates can be administered as only median doses of
12.4, 10.9, and 6.0 IU/kg of BAX 855, rFVIII-Fc, and BAY-9027
every 72 hours are needed to produce FVIII trough levels of
1 IU/dL, respectively. Other PK parameters that were
obtained with the Monte Carlo simulations using the dosing
regimen of 40 IU/kg every 72 hours, such as clearance, vol-
ume of distribution, trough level before administration of the
subsequent FVIII concentrate dose, time above a target level,
percentage of patients that obtain a trough level above a
certain target level, and doses needed to achieve specific
trough levels, can be found in ►Supplementary Table S5

(available in the online version). In this table the parameters
discussed above are also presented, including the 95% pre-
diction intervals of the simulated values.

Fig. 3 Pharmacokinetic parameters of the 1,000 simulated patients obtainedwith steady-state dosing of 40 IU/kg every 72 hours. The (A) elimination half-
life, (B) area under the curve (AUC), (C) in vivo recovery (IVR), and (D) dose needed to achieve trough level of 1 IU/dL when dosing every 72 hours of the
examinedFVIII concentrates aredisplayed. The lower andupper hingesof the coloredboxes illustrate the25thand75thpercentiles (interquartile range, IQR)
and thewhiskers extend to1.5� IQR.Outliers arenot shown. For rFVIII, BAX855, rFVIII-FC, andBAY94–9027, the one-stageassaywas applied toobtain FVIII
levels. The curves of rFVIII-SC and BAY 81–8973 are based on FVIII levels obtained with a chromogenic assay.
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Comparison of SmPC Dosing Regimens
To evaluate the dosing schemes commonly used in clinical
practice, PK properties based on the dosing regimens de-
scribed in the SmPCs of the concentrates were compared.
►Fig. 4B confirms that the average patient does not spend
time below 1 IU/dL when dosing schemes described in the
SmPCs are applied, as themedian time spend above 1 IU/dL is
168 hours per week, and the number of patients with FVIII
levels maintaining FVIII levels above 1 IU/dL is at least 50%.
For all FVIII concentrates except SHL rFVIII (93.2%) ,the
number of patients not demonstrating FVIII levels under
1 IU/dL is only between 51.0 and 65.4%. Moreover, large
interindividual variability is observed, as some patients
spend only approximately 72 hours—so only three of the
seven weekdays—above a FVIII trough level of 1 IU/dL. When
examining the time patients spend above 3 IU/dL per week
after administration of the doses described in the SmPC of
the concentrate, themedianpatient spends between 120 and
144 hours above this target for all concentrates except SHL
rFVIII (►Fig. 5B). Only between 23.2 and 31.3% of the patients
maintain a trough FVIII level of 3 IU/dL after administration
of the EHL concentrates. Between 12.2 and 16.6% of the
patients maintain a target trough level of 5 IU/dL following
the dosing scheme of the EHL FVIII concentrates described in

the SmPC (►Supplementary Fig. S3, available in the online
version). The impacts of the evaluated SmPC dosing schemes
on weekly concentrate consumption are displayed in
►Supplementary Table S6 (available in the online version).

Discussion

Monte Carlo simulations were performed for a virtual popu-
lation of 1,000 patients to compare the PK properties of the
FVIII concentrates rFVIII-SC, BAY 81–8973, BAX 855, rFVIII-
Fc, and BAY 94–9027 and SHL rFVIII based on reported PK
data in earlier studies. Individual PK parameters and FVIII
level over time curves were obtained and evaluated after
steady-state dosing of 40 IU/kg every 72 hours or dosing
corresponding to the SmPCs of the concentrates. The simu-
lations showed the largest AUC and best target attainment—
as described by the longest time above a FVIII target level and
highest percentage of patients maintaining a FVIII target
trough level—for BAY 94–9027 when compared with SHL
rFVIII, followed closely by comparable results for BAX 855
and rFVIII-Fc. This is in line with other publications.14–16

Similar to the conclusions drawn by Mahlangu et al, PK
properties of BAY 81–8973 and rFVIII-SC were only slightly
better than those of SHL rFVIII in this analysis.11 This

Fig. 4 Boxplot of time patients spend per week above 1 IU/dL during the dosing interval following steady-state dosing of 40 IU/kg every 72 hours
(top) and the recommended dosing scheme of the SmPC (bottom). The lower and upper hinges of the colored boxes illustrate the 25th and 75th
percentiles (interquartile range, IQR) and the whiskers extend to 1.5� IQR. The outliers are visualized as individual points. The numbers on the
right of the graph present the percentage of patients never experiencing FVIII levels below 1 IU/dL. SmPC, summary of product characteristics.
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underlines that these FVIII concentrates should not be
regarded as EHL concentrates.

Comparison of the PK properties of FVIII concentrates is
not straightforward, asmany different PK parameters have to
be taken into account. For instance, the obtained elimination
half-life values for BAX 855, rFVIII-Fc, and BAY 94–9027were
rather similar, while BAY 94–9027 showed a larger AUC than
BAX 855 and rFVIII-Fc. Elimination half-life is determined by
both clearance and volume of distribution. When both
clearance and volume of distribution change with the
same proportion, the elimination half-life will remain the
same, while a different clearance and thus AUC are obtained.
Therefore, these findings indicate that FVIII concentrates
should not only be judged based on elimination half-life. In
addition, it is important to not only judge the concentrates
based on the obtained FVIII trough level, as a certain time
above a higher FVIII level may be necessary to safeguard
adequate hemostasis, especially during sport activities.39 For
this reason the lower calculated doses for the EHL FVIII
concentrates of 6.0 to 12.4 IU/kg to achieve a trough level
of 1 IU/dL when dosing every 72 hours obtained do not
reflect doses given in clinical practice as the obtained FVIII
levels shortly after infusion may not be sufficient to safely
participate in physical activities, and should therefore be
regarded as artificially obtained doses simulated for com-

parison. Specifically, these doses only underline that longer
dosing intervals are possible for most of the patients receiv-
ing these EHL FVIII concentrates or that higher FVIII trough
levels can be achieved.

To evaluate dosing schemes that are commonly used in
clinical practice, PK properties after administration of doses
described in the SmPCwere examined. A study by Collins et al
demonstrated that a longer timewith a FVIII level below 1 IU/
dL was associated with a higher number of bleeds and
hemarthroses.40 Therefore, an interesting PK property is the
time patients spend above a FVIII level of 1 IU/dL per week.
When administrating the dose described in the SmPC, the
percentage of patients not demonstrating FVIII levels below
1 IU/dL was more or less similar for the compared FVIII
concentrates (between 51.0 and 65.4%), indicating sufficient
dosing for around half of the patients. However, a high
interindividual variability of the time spent per week above
a certain FVIII target level was observed, underlining the need
for individual PK-guided dosing in clinical practice. Since the
SmPCs report a range of dosing schemes, this percentage will
be higher when the upper boundary of the dosing range is
adopted instead of the currently evaluated (middle) dosing
scheme. Furthermore, themajority of the SmPCs also indicate
that the dosing scheme needs to be adjusted based on patient
characteristics (►Supplementary Table S6, available in the

Fig. 5 Boxplot of time patients spend per week above 3 IU/dL during the dosing interval following steady-state dosing of 40 IU/kg every 72 hours
(top) and the dosing scheme described in the SmPC (bottom). The lower and upper hinges of the colored boxes illustrate the 25th and 75th
percentiles (interquartile range, IQR) and the whiskers extend to 1.5� IQR. The outliers are visualized as individual points. The numbers on the
right of the graph present the percentage of patients never experiencing FVIII levels below 3 IU/dL. SmPC, summary of product characteristics.
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online version), especially for younger patients who often
present with increased clearance and shorter half-life.12

When the dose described in the SmPC is converted to the
needednumber of IU/kg per concentrate perweek, differences
between necessary IU/kg of a concentrate to obtain adequate
FVIII levels appear less extreme than those after the artificial
comparison of the dose needed to achieve specific trough
levels when dosing every 72 hours. For example, according to
the evaluated SmPCdosing schemeon aweekly basis, 70 IU/kg
would be necessary for BAY 94–9027 and BAY 81–8973
(►Supplementary Table S6, available in the online version),
while in the artificial comparison a median necessary dose of
6.1 IU/kg for BAY 94–9027 was calculated to maintain a FVIII
trough level of 1 IU/dL when dosing every 72 hours compared
withamedian estimateddoseof17.3 IU/kg forBAY81–8973. It
is important to keep inmind that longerdosing intervals of, for
instance, 120 hours, result in less patient burden as dosing
frequency is lower.

For the FVIII concentrates, different IVR values were
obtained and only BAY 855 showed IVR values comparable
to those of SHL rFVIII. Furthermore, a large interindividual
variability in IVR values was observed as the 95% prediction
interval of the IVR value of all concentrates showed approxi-
mately a twofold difference between the lower and upper
boundaries (►Fig. 4C and ►Supplementary Table S5, avail-
able in the online version). This indicates that dosing in
critical situations such as life-threatening bleeding may
differ for the various concentrates and for each individual.
Therefore, this should preferably be performed based on
individual IVR values obtained for each patient separately
or monitored closely, as is now standard practice in critical
settings.1,5 It is important to realize that the observed IVR
differences may also be due to the application of various
assays, activators, and test settings, or a different number of
compartments in the population PK models, e.g., one or two
compartments, or varying data sampling schemes of the data
used for population PK model development. For instance,
data of the phase 3 study of rFVIII-Fc showed a smaller IVR
difference between SHL rFVIII and rFVIII-Fc (2.4 vs. 2.2 IU/dL
per IU/kg) than the results observed in our study (2.52 vs.
2.01 IU/dL per IU/kg).41

The differences in PK properties of the EHL FVIII concen-
trates compared with SHL rFVIII were less extreme than
differences observed between the EHL FIX concentrates and
SHL rFIX.10 However, newer FVIII therapies are currently
being developed which may further elongate FVIII half-life,
such as BIVV001.42 Overall, in our study, the shapes of the
FVIII level over time curves of all FVIII concentrates were
rather similar, namely, a short distribution phase followed by
a longer elimination phase, as depicted in ►Fig. 2. Between
the various EHL FIX concentrates, larger differences are seen,
as rFIX-Fc shows a rapid decline during the distribution
phase, possibly caused by the influence of extravascular
reservoir FIX.43 For FVIII, the extravascular amount does
not seem to be clinically relevant, leading to less diversity
between the EHL FVIII concentrates. Despite the smaller
differences in PK between the EHL FVIII concentrates when
compared with EHL FIX concentrates, it is important to

realize that it is essential to study the relationships between
FVIII dose, PK, and pharmacodynamics (PD; e.g., bleeding) of
the EHL FVIII concentrates more extensively, as PK–PD
relationships give more insight into the actual hemostatic
efficacy of these concentrates.

This study was performed in silico and used the avail-
able population PK models of the respective FVIII concen-
trates to calculate the PK properties of the concentrates.
This approach enabled us to compare the different FVIII
concentrates in a similar (virtual) population, which in
some ways resembles a multiarm crossover study. Impor-
tantly, however, the results of this study are based on
simulations and should be interpreted with caution, name-
ly, bias may be introduced by the used population PK
models since they are based on data obtained from varying
populations. To overcome this shortcoming, we only simu-
lated “virtual” patients with characteristics corresponding
to values that were found in all datasets of the used
population PK models. Therefore, the obtained results
only apply to patients with similar characteristics to the
population simulated in this study. This means that this
study only applies to patients with ages ranging from 12 to
60 years, a bodyweight ranging from 42 to 106 kg, and VWF
levels ranging from 53 to 290 U/dL. A difficulty of compar-
ing the PK properties of the FVIII concentrates described in
this study was the use of different assays to measure
plasma FVIII. Although all population PK models used in
this study were based on FVIII levels measured with an
assay method that provided valid results according to
literature, the use of different assays may have led to
discrepancies and contributed to the observed PK differ-
ences.44,45 Notably, the use of varying assay activators for
the OSA method could have also introduced variation in
FVIII levels.46 Furthermore, different sampling schemes
used for data collection to construct the various population
PK models and applied model structures (one- vs. two-
compartment models) may have additionally contributed
to the observed differences. A full PK comparison (head-to-
head comparison) with real-world clinical data, with pop-
ulations including children and the more obese, is there-
fore recommended. Lastly, we would like to stress that it is
important to base factor concentrate choice not only on PK
characteristics, but also on clinical evidence and the safety
profile of the factor concentrate.

Conclusion

This in silico study observed important differences between
the PK parameters of the EHL FVIII concentrates. BAY 94–
9027 showed the largest increase in AUC and best target
attainment, followed closely by BAX 855 and rFVIII-Fc. BAY
81–8973 and rFVIII-SC showed onlyminor PK improvements
comparedwith SHL rFVIII. Since this studywas only based on
in silico simulations, further studies comparing the PK
properties of FVIII concentrates with real-world clinical
patient data are obligatory. Additionally, studies defining
the relationship among dose, PK, and bleeding events (PD) of
the studied FVIII concentrates are essential to ultimately
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define the relationship between FVIII levels and bleeding
(risk).

What is known about this topic?

• The pharmacokinetic (PK) properties of extended half-
life (EHL) factor VIII (FVIII) concentrates differ, leading
to variation in the optimal dosing regimen for the
individual patient.

• A full simultaneous PK comparison of the available EHL
FVIII concentrates has not yet been performed.

What does this paper add?

• Monte Carlo simulations were used to examine the
differences in pharmacokinetic properties of EHL FVIII
concentrates.

• BAY 94–9027 showed the largest increase of AUC and
best target attainment compared with SHL rFVIII,
followed closely by BAX 855 and rFVIII-Fc.

• When a dosing scheme advised in the SmPC of the
concentrates is applied, only around 50% of the
patients maintain a target FVIII level of 1 IU/dL.
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