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Abstract

Background Prophylaxis with factor VIII (FVIII) should be individualized based on patient characteristics, including FVIII
pharmacokinetics. Population pharmacokinetic (popPK) modeling simplifies pharmacokinetic studies by obviating the need
for multiple samples.

Objective The objective of this study was to characterize the pharmacokinetics and inter-individual variability (ITV) of BAY
94-9027 in relation to patient characteristics in support of a popPK-tailored approach, including identifying the optimal
number and timing of pharmacokinetic samples.

Methods Pharmacokinetic samples from 198 males (aged 2—62 years) with severe hemophilia A, enrolled in BAY 94-9027
clinical trials, were analyzed. Baseline age, height, weight, body mass index, lean body weight (LBW), von Willebrand fac-
tor (VWF) level, and race were evaluated. A popPK model was developed and used to simulate pharmacokinetic endpoints
difficult to observe from measured FVIII levels, including time to maintain FVIII levels above 1, 3, and 5 TU/dL after dif-
ferent BAY 94-9027 doses.

Results A one-compartment model adequately described BAY 94-9027 pharmacokinetics. Clearance and central volume of
distribution were significantly associated with LBW; clearance was inversely correlated with VWE. Due to the monophasic
pharmacokinetics and well-understood II'V sources, identification of patient pharmacokinetics was achievable with sparse
blood sampling. Median predicted time to maintain FVIII levels > 1 IU/dL in patients aged > 12 years ranged from 120.1 to
127.2 h after single BAY 94-9027 doses of 45—60 IU/kg.

Conclusions This analysis evaluated the pharmacokinetics of BAY 94-9027 and its sources of IIV. Using the model, determi-
nation of individual patient pharmacokinetics was possible with few FVIII samples, and a sparse sampling design to support
pharmacokinetic-guided dosing was identified.
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1 Introduction

Hemophilia A is a congenital bleeding disorder resulting
from reduced levels of coagulation factor VIII (FVIII) [1].
Patients with severe hemophilia A, FVIII level < 1 IU/dL,
are especially at risk for spontaneous bleeding episodes,
often into muscles and joints [1].

The current standard of care for severe hemophilia A is
prophylaxis with intravenous infusions with FVIII to prevent
bleeding episodes [2]. Differences among patients in FVIII
pharmacokinetic profile can influence the prophylactic doses
required to maintain optimal FVIII levels; among other phar-
macokinetic properties, the FVIII half-life influences time
to maintain FVIII levels above a critical threshold [3]. Thus,
an individualized approach that considers the patient’s FVIII
pharmacokinetic characteristics, as well as age, bleeding fre-
quency, and level of physical activity [1, 4], could be used
to determine prophylaxis regimens that achieve FVIII levels
above a desired threshold and reduce the risk of underdosing
[3, 5]. The Scientific and Standardization Committee (SSC)
of the International Society on Thrombosis and Haemostasis
(ISTH) has issued a rationale for adoption of a population
pharmacokinetic (popPK) approach to individualization of
hemophilia treatment and practical guidance on implement-
ing popPKs in clinical practice [6, 7].

BAY 94-9027 is an extended-half-life, B-domain-
deleted (BDD) recombinant FVIII (rFVIII), site-specifi-
cally conjugated with 60 kDa branched polyethylene gly-
col (PEQG) at a cysteine, introduced into the A3 domain
(K1804C), resulting in one PEG per BDD-rFVIII protein
[8]. Efficacy and safety of BAY 94-9027 for on-demand
treatment of bleeding episodes and prophylaxis in pre-
viously treated patients with severe hemophilia A were
evaluated in phase I and II/III trials [8§—10]. It is approved
for prophylaxis and on-demand treatment of bleeding epi-
sodes in patients with hemophilia A in the USA [11],
Canada, Japan, and the European Union.

This work aimed to develop a popPK model to char-
acterize pharmacokinetics of BAY 94-9027, particularly
inter-individual variability (II'V) in pharmacokinetics
and its relationship to patient characteristics. Using this
popPK model, we identified the minimum number of
FVIII samples required and the optimal sampling time
to support pharmacokinetic-guided dosing. This model
intends to use simulations to quantify pharmacokinetic
endpoints of interest that are not otherwise observed
directly from measured FVIII levels, such as time to
reach FVIII levels of 1, 3, and 5 IU/dL after BAY 94-9027
infusion.
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2 Methods
2.1 Included Studies

The popPK analysis included pharmacokinetic data
from patients enrolled in three BAY 94-9027 clinical tri-
als (a phase I study [NCTO01184820] [8], PROTECT
VIIT [NCT01580293] [9], and PROTECT VIII Kids
[NCT01775618] [10]). Patients were aged 21-58 years
(phase I study, n = 14), 12-62 years (PROTECT VIII,
n = 132), or 2-11 years (PROTECT VIII Kids, n = 60)
with severe hemophilia A (FVIII <1 IU/dL). All patients
had been previously treated with a FVIII product other than
BAY 94-9027 (> 150 exposure days in the phase I study
and PROTECT VIII; > 50 exposure days in PROTECT VIII
Kids). Patients with a history, or current evidence, of FVIII
inhibitors were excluded from the trials. Each study was
performed according to study protocol and was approved by
the independent ethics committee/institutional review board
at participating sites.

The popPK model was developed during the clinical
development program of BAY 94-9027 comprising all avail-
able pharmacokinetic data across studies. However, as the
approval was granted for patients aged > 12 years only, the
inferences from this analysis are limited to this population.

In the phase I study, a dense pharmacokinetic sampling
design was used (preinfusion and 11 samples up to 168 h
postinfusion). In PROTECT VIII, sparse sampling (prein-
fusion and one sample 15 min postinfusion) was used for
all patients, and dense sampling (preinfusion and ten sam-
ples up to 96 h postinfusion) was used for a pharmacoki-
netic subgroup. For PROTECT VIII Kids, sparse samples
(recovery and/or preinfusion) were obtained in all patients;
dense sampling (preinfusion and five samples up to 72 h
postinfusion) was used for the pharmacokinetic subgroup.
In the phase I and PROTECT VIII studies, samples were
assessed using one-stage and chromogenic assays; in
PROTECT VIII Kids, the chromogenic assay was used.
The lower limit of quantification (LLOQ) was 1.5-3.0 TU/
dL for the chromogenic assay and 1.0-6 IU/dL for the
one-stage assay. The one-stage assay used HemosIL®
SynthAFax (Instrumentation Laboratory, Bedford, MA,
USA) phospholipid reagent containing ellagic acid, stand-
ard human plasma (Siemens, Malvern, PA, USA), and the
ACL Advance System (Instrumentation Laboratory). The
chromogenic assay used BIOPHEN™ FVIII:C chromo-
genic assay kit (HYPHEN BioMed, Neuville-sur-Oise,
France) with product standard in microplate format on the
Sunrise™ absorbance microplate reader (Tecan, Médnne-
dorf, Switzerland).

Data from 206 male patients aged 2—62 years, includ-
ing 60 patients aged <12 years, who had either full
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pharmacokinetic profiles (n = 65) or sparse samples
(n = 141), assessed using a chromogenic assay, were used
for model development. Pharmacokinetic data below the
LLOQ (BLQ) were accounted for in the analysis; 28 sam-
ples from seven children who either developed anti-PEG
antibodies, had perceived loss of efficacy, or both, and from
one patient in PROTECT VIII with a drug hypersensitivity
reaction were excluded. These eight patients withdrew from
the study and had insufficient pharmacokinetic and recovery
data.

2.2 BAY 94-9027 Population Pharmacokinetic
Modeling

The popPK analysis was conducted by means of non-linear
mixed-effects modeling using the software NONMEM®
version 7.2 (ICON Development Solutions, Ellicott City,
MD, USA). A non-linear mixed-effects model consists of
fixed- and random-effects components; while fixed effects
describe the structural model and covariate relationship,
which are constant across subjects, the random effects com-
ponents describe the observed variability. In the final model
structure, to account for BLQ samples, the likelihood-based
methods for imputation of these values (M3 method) was
applied to avoid bias in half-life estimates [5].

To describe the residual unexplained variability (RUV),
a so-called combined error model consisting of a concentra-
tion-proportional and a concentration-independent additive
part was used. If the pre-specified error model turned out to
be mis-specified, different error models, such as proportional
or additive, could be tested.

Potential change in pharmacokinetics over time was
explored by assessing inter-occasion variability (IOV). By
means of the final model structure and covariate selection, a
model fit was determined using one-stage assay data, avail-
able for 1648 samples from 132 and 14 subjects in the PRO-
TECT VIII and phase I studies, respectively.

2.3 Covariate Modeling

After qualification of the base model, the influence of covar-
iates on pharmacokinetic parameters was tested for statisti-
cal significance. The parameters of interest for the covariate
analysis were clearance (CL) and volume of distribution
of the central compartment (V). Covariates assessed were
baseline age, height, weight, body mass index, lean body
weight (LBW), von Willebrand factor (VWF) antigen level,
and race.

As no VWF measurements were available from the
PROTECT VIII Kids study, the influence of VWF on
BAY 94-9027 pharmacokinetics was only informed by
adult/adolescent data. Different scenarios were evaluated,

including imputation of missing values in PROTECT VIII
Kids of the median VWF from the phase I and PROTECT
VIII studies, and assessment of VWF effect on patients in
the phase I and PROTECT VIII studies only. The latter was
conducted to assess whether the imputation based on adult/
adolescent data introduces bias into the analysis.

Covariates were selected using stepwise forward/back-
ward selection [12]. First, covariates were screened for
their relevance using a univariate statistical test; covariates
were candidates for the final popPK model if inclusion in
the model resulted in a decrease in objective function value
(AOFV) of >6.63 (p < 0.01). All candidate covariates were
combined into a full model. The relevance of each covari-
ate in a multivariate context was tested by removing each
covariate from the full model; only covariates for which
removal led to an increase in AOFV of >7.88 (p < 0.005)
were included in the final model.

Differences between chromogenic and one-stage assays
were evaluated by Bland—Altman assessment, where mean
FVIII activity between assays were compared.

2.4 Model Evaluation

The popPK model was qualified using standard diagnos-
tic tools, including goodness-of-fit plots, standard errors of
parameter estimates, and shrinkage estimates. The primary
method of model validation was the visual predictive check
(VPC) [13]. Before VPC statistics were calculated, BLQ
values were assigned a value of 0.5 X LLOQ of the respec-
tive sample.

2.5 Evaluation of Sparse Sampling Design
Strategies

The dataset for this analysis consisted of all available
densely sampled profiles (57 in total) from 36 patients
> 12 years of age with a median of 11 postinfusion sam-
ples (range 7—12). Samples were collected between 0.5 and
168 h postinfusion from patients who received either 25
or 60 IU/kg BAY 94-9027. Dense profiles were artificially
reduced to sparse profiles of three samples (collected at 4,
24, and 48 h; Bjorkman design [14]), two samples (collected
at 4 and 48 h; reduced Bjorkman design), or one sample
(all sampling times tested individually). The final popPK
model (including covariates) was applied to the artificially
reduced sparse profiles to derive individual Bayesian post
hoc estimates for CL and V..

For 21 patients, two dense profiles were obtained. These
profiles were used to evaluate the influence of potential IOV
on the robustness of the most promising one-sample sam-
pling strategy.
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2.6 Model Simulations

To evaluate whether prophylactic dosing with BAY 94-9027
could maintain sufficient FVIII levels, data from the final
popPK model were used to perform simulations to estimate
time to reach FVIII levels of 1, 3, and 5 TU/dL after single
25-60 IU/kg doses of BAY 94-9027 and to estimate the per-
centage of patients treated once weekly, twice weekly, or
every 5 days with trough FVIII levels above thresholds of 1,
3, or 5 IU/dL at steady state. The specific regimens evalu-
ated, with increments of 5 IU/kg within each dose range,
were 60 IU/kg once weekly, 25-40 IU/kg twice weekly,
and 45-60 IU/kg every 5 days. Simulations are shown for
patients aged > 12 years.

3 Results
3.1 Patients and Pharmacokinetic Dataset

Baseline continuous covariates were available for all 198
patients, including 53 patients aged < 12 years, and were
included in the final model (Table 1). For the categorical
covariate of race, 144 of the 198 patients (72.7%) were
white, 35 (17.7%) were Asian, 9 (4.5%) were black, and one
(0.5%) was Native American; race was not reported for nine
patients (4.5%).

The final model was fitted using 2196 pharmacokinetic
samples (455 BLQ samples [21%]), and BLQ observations
increased over time postdose (Fig. 1). An evaluation of the
impact of assay used included an additional 1648 samples
(257 BLQ samples [16%]) from the one-stage assay analysis.

3.2 Development of Base Model for BAY 94-9027

BAY 94-9027 pharmacokinetic data were adequately
described by a one-compartment model with first-order
elimination (Fig. 2). While a two-compartment model was
considered, the peripheral compartment typically describing
an early distribution phase for FVIII kinetics could not be
identified, indicated by poor estimates of the intercompart-
mental CL (relative standard error >70%). Additionally, the
goodness-of-fit plots did not show any trend for structural
model mis-specification using a one-compartment model.
CL and V, were strongly associated with all size-related
covariates, and thus this relationship was included in the
stability base model. LBW appeared to have the strongest
relationship with CL and V,, resulting in the largest OFV
decrease (AOFV —509.92), and was chosen as the most
appropriate size-related covariate. Both CL and V_ were
non-linearly related to LBW, with an estimated exponent
of 0.610 (95% confidence interval [CI] 0.466-0.754) for
CL and 0.872 (95% CI 0.816-0.928) for V.. Considering
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Table 1 Baseline characteristics of patients included in final

BAY 94-9027 population pharmacokinetics model

Characteristics Patients () Median (range) Mean + SD
Age (years) 198* 28.5 (2-62) 282 +17.6
Height (cm) 198* 171 (87-192) 160 + 26.8
Weight (kg) 198* 67.0 (12-126) 62.5+27.3
BMI (kg/m?) 198* 22.0 (13-42) 2277+5.6

LBW (kg) 198* 49.4 (10-75) 445 + 16.1
VWE level (%) 14530 110 (47-366) 122 +55.3

BMI body mass index, LBW lean body weight, SD standard deviation,
VWEF von Willebrand factor

*Excludes eight patients with antidrug antibodies and/or perceived
loss of efficacy or drug hypersensitivity reaction

®VWF data were not available for the 53 patients in PROTECT VIII
Kids

the effect of LBW on both CL and V, removed the trend in
empirical Bayesian estimate versus age, weight, and height,
inclusion of additional size-related covariates was not pur-
sued. Including LBW decreased unexplained IIV, expressed
as percentage coefficient of variation (CV), from 47.5 to
32.7% for CL and from 43.2 to 12.7% for V..

No consistent change in CL or V, over time at a pop-
ulation level was seen when IOV was applied to all data
(Fig. 3). IOV for both CL and V, could be estimated with
moderate precision (CV <50%). The magnitude of IOV
was considerably lower than that of IIV (expressed as vari-
ance): 0.0195 vs. 0.0479 for CL and 0.00475 vs. 0.0153 for
V.. Since the inclusion of IOV had no effect on population
estimates of V, or CL, these parameters were not included
in the model.

Standard errors of the base model were good for all
parameters (CV < 12.1% for fixed effects and <22.2% for
random effects).

3.3 Covariate Analysis and Final Model

Based on the univariate analysis of covariate effects on CL
and V_, VWF level and age, in addition to LBW, were eli-
gible for inclusion in the multivariate analysis. A stepwise
deletion process indicated that the best covariate model had
an LBW effect on CL and V, and a VWF effect on CL.
Finally, LBW relationships were replaced through allo-
metric scaling, as recommend by the European Medicines
Agency (EMA). As this resulted in a considerable increase
of OFV (158 points) and the magnitude of unexplained IIV
in V, more than doubled, LBW was preferred. This finding
is in line with the recent study by McEneny-King et al. [15].
Inclusion of a VWF effect on CL slightly decreased the
unexplained II'V, from 32.7 to 28.3%. There was no signifi-
cant relationship between CL or V, and race or geographic
region (Asia vs. other). After inclusion of the LBW and
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tive ability in any of the age quartiles. Thus, the resulting
Infus 1on model in which patients with anti-PEG antibodies, perceived
loss of efficacy, or drug hypersensitivity were excluded was
considered the final model. Bland—Altman plots compared
FVIII activity measured by both assays (Fig. 4). The final
model was evaluated by both chromogenic and one-stage
assay data, and the pharmacokinetic model parameters were
VC found to be similar.
In the final model based on chromogenic assay data,
CL was non-linearly related to LBW with an estimated
exponent of 0.707 (95% CI 0.597-0.817) and to VWF
with an estimated exponent of —0.604 (95% CI —0.725 to
Clearance

Fig.2 Schematic diagram of one-compartment pharmacokinetic
model for BAY 94-9027. V, central volume of distribution

VWEF covariates, no visible effects of the non-included con-
tinuous covariates remained. Inclusion of a covariance term
between CL and V, resulted in a considerable decrease in
OFV (AOFV —29.35) and accounted for the observed corre-
lation between CL and V. After exclusion of seven patients
with anti-PEG antibodies and/or perceived loss of efficacy
and one patient with a drug hypersensitivity reaction, the
IIV estimate on CL decreased (from 28.3 to 23.7%) and the
covariate effect estimate of LBW on CL increased (from

—0.483); V., was non-linearly related to LBW with an esti-
mated exponent of 0.887 (95% CI 0.839-0.935). Standard
errors were good for all parameters (CV < 10.2% for fixed
effects and <27.6% for random effects; Table 2). The con-
dition number of the model was 15.3, indicating the model
was stable and without collinearity in its parameters. Low
to moderate shrinkage estimates for the stochastic compo-
nents (between-subject variability [BSV] CL 15.8, BSV
V. 16.1; RUV 6.13) indicate reliable quantification of the
respective variability terms.

The adapted model adequately described the one-stage
assay data and precise estimation of parameters (Table 2).
VPCs indicated that median FVIII activity in the final model
was well-described across all timepoints (Fig. 5), weight,
and age groups.
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Fig. 3 Individual clearance (a) and volume (b) estimates over time based on estimation of inter-occasion variability using all data. CL clearance,

V volume

3.4 Evaluation of Sparse Sampling Design

Strategies

Estimates of CL and V, using the final popPK model indi-
cated very little general bias introduced by using sparse
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sampling (Fig. 6). When normalized against estimates based
on dense sampling profiles, the median biases of CL and V/
were close to 1 (in fold change), with 95% Cls including

1, for all sampling scenarios. When only one sample was
used, the most precise estimate was achieved at 48 h with
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Fig.4 Bland-Altman plot showing differences in measured
BAY 94-9027 factor VIII (FVIII) activity between one-stage and
chromogenic assay results based on the phase I and PROTECT VIII
studies. Dashed blue horizontal lines at y = 0 correspond to per-
fect agreement between assay results. Solid (dashed) red horizontal
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val of the Loess regression. Top panel: all data shown in one plot,
with dashed blue vertical lines representing concentration bins; all
data are shown excluding outliers (upper and lower 0.5% of samples)
for readability. Bottom panel: data separated into four equally sized

bias of both pharmacokinetic parameters < 18% for 90% of
profiles. A slightly higher precision was observed with use
of the Bjorkman design, which indicated no general bias and
< 12% bias in CL and V, for 90% of samples. Use of a two-
sample reduced-Bjorkman design of 4- and 48-h samples
provided robust results identical to the Bjorkman design.

3.5 Simulation Results

Pharmacokinetic parameter estimates for the 198 patients
included in the final model are shown in Table 3. The
time between administration of a single BAY 94-9027
dose and the first simulated FVIII value below threshold
values of 1, 3, or 5 IU/dL for patients aged > 12 years is
shown in Table 4. Predicted median time to reach thresh-
old FVIII level 1 IU/dL following a single BAY 94-9027

bins as indicated in the top panel; only samples with FVIII activ-
ity above the LLOQ with both assays are shown. Deviation between
assays and absolute noise increased with increasing reference value
(defined as mean). As the reference increased, one-stage assay results
were also more likely to be higher than observations from the chro-
mogenic assay. At lower reference values, there was little bias and no
structural trend. At trough levels, 50% of data deviated from the refer-
ence value by <1 IU/dL, with 95% of data within +4.1 TU/dL. The
final model was evaluated by both chromogenic and one-stage assay
data, and the pharmacokinetic model parameters were found to be
similar for both assays. Q quartile

dose of 45-60 IU/kg in patients aged 12 to < 18 years and
> 18 years ranged from 5.0 to 5.2 and 5.0 to 5.3 days, respec-
tively (Table 4). Simulated patients aged > 12 years whose
FVIII levels were above threshold values of 1, 3, or 5 IU/
dL at steady state after BAY 94-9027 doses administered
once weekly, twice weekly, or every 5 days are shown in
Table 5. These simulations predicted that 11.3% and 18.6%
of patients aged 12 to < 18 years and > 18 years, respec-
tively, could maintain FVIII levels > 1 TU/dL with once-
weekly BAY 94-9027 60 IU/kg.
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Table 2 Parameter estimates

Parameter Parameter estimate Parameter SE*  95% CI
for the ﬁnal BAY 94—9.()27. (% CV)
population pharmacokinetic
model using chromogenic or Chromogenic assay
one-stage assay data CL (dL/h) 1.09 2.19 1.04-1.14
Effect of LBW on CL" 0.707 7.93 0.597-0.817
Effect of VWF on CL? —0.604 10.2 —0.725to — 0.433
V. (dL) 26.2 1.18 25.6-26.8
Effect of LBW on V° 0.887 2.78 0.839-0.935
BSV CL (% CV) 24.0 164 19.7-27.8
BSV V. (% CV) 12.8 17.5 10.4-14.9
Correlation (BSV CL, BSV V,) (%) 0.449 19.2 0.28-0.618
Additive RUV (variance) 1.78 19.2 1.11-2.45
Proportional RUV 0.175¢ 5.66 0.156-0.194
One-stage assay
CL (dL/h) 1.02 3.15 0.95—-1.07
Effect of LBW on CL° 0.858 25.6 0.43—-1.29
Effect of VWF on CL® —0.583 11.1 —0.71to — 0.46
V, (dL) 24.2 1.67 23.4-25.0
Effect of LBW on V. 0.683 15.2 0.48—0.89
BSV CL (% CV) 24.0 18.1 19.3-27.9
BSV V. (% CV) 14.6 15.6 12.2-16.7
Correlation (BSV CL, BSV V) (%) 0.485 17.1 0.323—-0.647
Additive RUV (variance) 1.44 13.2 1.07—-1.81
Proportional RUV 0.201# 5.47 0.18—-0.22

BSV between-subject variability, CL clearance, CV coefficient of variance, LBW lean body weight, RUV
residual unexplained variability, SE standard error, V, central volume of distribution, VWF von Willebrand

factor

“Estimate of SE represents SE of respective variance/covariance estimate, not of the derived % CV and cor-

relation estimate

°CL = 1.09 x (LBW/49.1)*7%7 x (VWF/110)~%6%

YV, =126.2 X (LBW/49.1)*887

dCorresponds to CV of 41.8%, under the assumption that CV = /6?2
°CL = 1.02 X (LBW/49.1)*%% x (VWF/110)7%%

'V, =24.2 x (LBW/49.1)"683

£Corresponds to CV of 44.8%, under the assumption that CV = V/¢2

4 Discussion

In general terms, more favorable profiles would be expected
in lean patients with high VWF levels, and dosing based
on LBW or similar metrics such as ideal body weight is
expected to produce postinfusion levels closer to the theo-
retical recovery [16].

The model described the data well in patients of dif-
ferent ages and weights, making it suitable for simulation
purposes. Although the CL-VWF relationship has been
established in the absence of pediatric VWF level data, the
levels observed in adult/adolescent patients covered a rela-
tively wide range (47-366 IU/dL), which includes the range
typically observed in children [17]; hence, it is reasonable
to expect that the identified CL-VWF relationship can be
applied across the entire age range. Robust identification of
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the pharmacokinetics of patients dosed with BAY 94-9027
could be achieved with a single sample collected 48 h postin-
fusion (low risk of BLQ sample), with particularly low bias
observed for V, because of the informative LBW covariate.
Robustness of the estimates was improved by the addition of
a second sample collected 4 h postinfusion, leading to identi-
cal performance to that observed with the Bjorkman design.
The ideal timepoint for collection of the second sample is
likely not limited to 4 h and may provide similar improve-
ments within 2—12 h postinfusion. If only one sample is
used, then the potential effects of pre-analytical factors (e.g.,
sampling or handling) and increased residual variability in a
non-study setting should be considered. Nevertheless, dense
blood sampling is unlikely to be necessary after administra-
tion of BAY 94-9027.
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Table 3 Estimated pharmacokinetic parameters for all patients included in the final BAY 94-9027 population pharmacokinetic model

Parameter <6 years (n =25) 6 to <12 years (n = 28) 12 to < 18 years (n = 12) > 18 years (n = 133) All (N = 198)

AUC g IU-h/ 2159 (27.3) 2717 (22.4) 3441 (34.2) 4052 (31.1) 3501 (38.3)
dL)

t, (h) 13.1 (21.0) 15.1 (19.4) 16.8 (25.2) 17.4 (28.8) 16.4 (28.3)

CL (dL-h/kg) 0.0278 (27.3) 0.0221 (22.4) 0.0174 (34.2) 0.0148 (31.1) 0.0171 (38.3)

Vs (dL/kg) 0.524 (11.6) 0.481 (14.5) 0.423 (15.5) 0.373 (15.6) 0.406 (20.0)

Data are geometric mean (% CV) and based on chromogenic assay data using a 60 IU/kg dose

AUC area under the curve, stand standardized, CL clearance, CV coefficient of variance, t,, half-life, V; steady-state volume of distribution

Table 4 Predicted median time in days to reach factor VIII threshold
levels of 1, 3, and 5 TU/dL after a single BAY 94-9027 dose stratified
by patient age

FVIII thresh-  BAY 94-9027 Median time (5th-95th percen-
old (IU/dL) dose (IU/kg) tile) [days]
Age 12t0 <18 Age
years (n = 12) > 18 years
(n=133)

1 25 4.3 (2.8-6.0) 4.4 (2.8-6.7)
35 4.6 (3.0-6.5) 4.8 (3.1-7.3)
45 5.0 (3.2-6.8) 5.0 (3.2-7.7)
50 5.0 (3.2-7.0) 5.1 (3.3-7.8)
60 5.2 (3.4-7.3) 5.3 (3.4-8.1)

3 25 3.1(2.0-4.4) 3.3(2.1-5.0)
35 3.5(2.2-4.9) 3.6 (2.3-5.5)
45 3.7(2.4-52) 3.9(2.5-5.9)
50 3.8(2.5-54) 4.0 (2.5-6.1)
60 4.0 (2.6-5.7) 42 (2.7-6.4)

5 25 2.6 (1.7-3.6) 2.7 (1.74.2)
35 2.9 (1.94.1) 3.1(1.9-4.7)
45 32(2.1-45) 3.4(2.1-5.1)
50 33 (2.1-4.6) 3.5(2.2-5.3)
60 3.5(2.3-4.9) 3.7 (2.3-5.6)

FVIII factor VIII

The covariate relationships identified in the BAY 94-9027
popPK model are in line with those of popPK models for
other FVIII products [18-20]. For BAY 81-8973 (Kovaltry®,
Bayer, Berkeley, CA, USA), the popPK model was a two-
compartment model, in which LBW was strongly correlated
with CL and V, [5].

BAY 94-9027 pharmacokinetics were adequately
described using a one-compartment model, in con-
trast to antihemophilic factor (recombinant) PEGylated
(Adynovate®, Baxalta US Inc., Westlake Village, CA,
USA) [21, 22]. PEGylation increases the size of the FVIII
molecule, potentially protecting BAY 94-9027 from rapid
initial distribution and elimination, and therefore allows
higher FVIII levels to be maintained for longer.

When used in conjunction with an assessment of patient
characteristics such as age, bleeding profile, and physical
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Table 5 Simulation results for percentage of patients with factor VIII
levels above threshold at steady state

Dosing fre- BAY Patients above threshold FVIII
quency by age 94-9027 dose level (%)
group (IU/kg)
>11U/dL >3 1U/dL >51U0/dL
Once weekly
12 to <18 years 60 11.3 14 0.6
> 18 years 60 18.6 55 29
Twice weekly
12 to <18 years 25 60.1 19.8 7.6
30 66.9 25.5 10.4
40 74.9 36.8 18.6
> 18 years 25 60.2 27.6 13.8
30 63.9 33.0 18.1
40 70.4 41.2 27.0
Every 5 days
12 to <18 years 45 45.6 133 4.5
50 48.5 153 6.1
60 55.3 20.3 8.8
> 18 years 45 47.9 20.8 10.0
50 51.8 234 12.4
60 56.2 27.6 15.5

FVIII factor VIII

activity level [1, 4], determining a patient’s FVIII phar-
macokinetics allows an individualized approach to prophy-
laxis dosing. Weight-based dosing can address some of
the variability seen among patients, but pharmacokinetic-
based dosing may provide a more finely tuned approach.
However, in the absence of pharmacokinetic-based tai-
lored dosing, and keeping within recommended dosing
guidelines, dosing based on LBW or on ideal body weight
rather than actual body weight can provide effective pro-
tection from bleeds [23-25] and can be cost-effective for
obese patients by anticipating the desired trough level
more adequately [23, 26].

Challenges with pharmacokinetic-based dosing occur
because of the burden for patients, caregivers, and cli-
nicians of performing the dense blood sampling recom-
mended for traditional pharmacokinetic evaluations and
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the complexity of the subsequent pharmacokinetic calcu-
lations [27, 28]. The ISTH SSC has recommended taking
10-11 blood samples over 32—48 h for adequate pharma-
cokinetic assessment of standard-half-life FVIII products
[29]. With a popPK model, individual pharmacokinetic
parameters can be determined based on patient character-
istics and using few blood samples [28].

The availability of dedicated, interactive popPK data-
bases, such as the Web-Accessible Population Pharma-
cokinetic Service-Hemophilia (WAPPS-Hemo), for use
with limited blood samples can facilitate popPK evalua-
tions in clinical practice. The WAPPS-Hemo popPK tool
was developed using individual pharmacokinetic data
provided by manufacturers of coagulation factor prod-
ucts, independent researchers, and hemophilia treatment
centers worldwide, providing validated product-specific
popPK models [30, 31].

The potential limitation of our popPK model is that it
requires external validation and further exploration of
its predictive power using few blood samples at varying
timepoints.

The longer FVIII levels remain below the therapeutic
FVIII level, the greater the risk of breakthrough bleeding
episodes during prophylaxis [32]. Using our popPK model,
we could estimate time that patients aged > 12 years could
maintain FVIII levels above a certain threshold after receiv-
ing single BAY 94-9027 25-60 IU/kg doses and predict
the percentage of patients who could maintain adequate
FVIII levels with BAY 94-9027 prophylaxis once weekly,
twice weekly, or every 5 days. These simulated results
support the different treatment options for a patient with
BAY 94-9027, provide guidance for BAY 94-9027 dosing
in clinical practice, and can be used by health economists
to estimate BAY 94-9027 product use. Referring to the
simulations presented by Shah et al. [33] for adult patients,
the median time to reach FVIII threshold levels of 1 TU/
dL after a single 50 IU/kg dose was reported to be 3.9 and
3.1 days, respectively, for the standard-half-life products
BAY 81-8973 and antihemophilic factor (recombinant)
plasma/albumin-free method (rAHF-PFM)—substantially
shorter than for BAY 94-9027 (5.1 days; Table 4). Assuming
the same schedule and dosing, considerably more patients
are expected to maintain FVIII activity above critical
threshold levels (Table 5); the proportion of patients pre-
dicted to maintain levels always above 1 IU/dL increased
by two- to sixfold compared with BAY 81-8973 (27.9%)
and rAHF-PFM (6.9%). Therefore, better protection against
bleeds would be expected. Future simulation studies could
explore aspects of pharmacokinetic-tailored treatment with
BAY 94-9027, such as the optimal doses required to con-
sistently maintain patients above important threshold levels.

The residual error was slightly higher than in previous
studies for rFVIII products [5, 17]. RUV typically arises

from heterogeneity between studies or sites, sampling
design, documentation, and handling, the influence of which
cannot easily be assessed separately. Further model-based
attempts have been conducted to clarify the high unex-
plained residual variability; these have indicated that the
estimate is mainly driven by a small subset of patients not
affecting the results and conclusion of the analysis. The sam-
pling design evaluation demonstrated that the relatively high
residual error does not interfere with the robust identification
of individual pharmacokinetic parameters.

5 Conclusions

BAY 94-9027 is an extended-half-life rFVIII product approved
for prophylaxis and on-demand treatment of bleeding episodes
in patients with hemophilia A. Determining the optimal dose
and dosing frequency for maintaining desired FVIII levels in
individual patients remains a challenge for prophylaxis. Phar-
macokinetic-based prophylaxis dosing relies on a patient’s
FVIII pharmacokinetic profile to individualize the dosing regi-
men, but traditional pharmacokinetic studies require multiple
blood samples. Using data from three BAY 94-9027 clinical
trials, we developed a popPK model in which BAY 94-9027
pharmacokinetics were adequately described by a one-com-
partment model that can be reliably applied for profiling indi-
vidual BAY 94-9027 pharmacokinetics using sparse postinfu-
sion blood samples. Simulation data using the popPK model
confirmed that BAY 94-9027 is an extended-half-life tFVIII
with the possibility of tailored prophylaxis using once-weekly,
twice-weekly, or every-5-days dosing to target desired trough
levels in the range of 1-3 TU/dL.
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