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Limited sampling strategies for individualized BAX 855
prophylaxis in severe hemophilia A: in silico evaluation

Laura H. Bukkems®*, Tine M.H.J. Goedhart®*, C. Michel Zwaan®,

Marjon H. Cnossen®* and Ron A.A. Math6t®*, for the OPTI-CLOT study group,

SYMPHONY consortium

Objective Limited sampling strategies (LSS) lower the
burden of pharmacokinetic (PK)-guided dosing, but an
extensive evaluation of LSS for BAX 855 (Adynovi) is
currently lacking. This study aimed to develop a LSS for BAX
855 and combine this with a LSS of a standard half-life
(SHL) factor VIII (FVIII) concentrate in a clinical setting.

Methods Individual PK parameters of BAX 855 were
estimated for 10 000 virtual patients with severe hemophilia
A using Monte Carlo simulations. Several LSS consisting of
2-6 samples were examined based on patient burden, bias
and accuracy of clearance, elimination half-life, volume of
distribution and trough levels at 72 h (C72). Analyses were
performed separately for adults and children <12 years.

Results The preferred LSS for BAX 855 consisted of three
sampling points at 15-30min, 48 h and 72 h for both adults
(mean accuracy C72: 14.0% vs. 10.8% using six samples)
and children (mean accuracy C72: 14.9% vs. 11.4% using six
samples). The best strategy with two samples (peak, 48 h)
resulted in an adequate, but lower accuracy than strategies
with >3 samples (mean accuracy C72: 22.3%). The optimal
combination of the LSS of SHL FVIIl and BAX 855 led to six
samples during four clinical visits.

Introduction

Prophylactic treatment with factor VIII (FVIII) concen-
trates has substantially improved clinical outcomes for
patients with hemophilia A [1]. However, a wide inter-
individual variability in FVIII pharmacokinetics (PK) is
observed after FVIII concentrate administration [2].
Therefore, it is recommended to tailor the FVIII dose to
the individual patient by so called ‘PK-guided dosing’ [3].

To characterize the PK of an individual patient, several
blood samples are collected after FVIII concentrate ad-
ministration; a so called ‘PK profile’. Historically, at least
10 blood samples after an infusion were collected [4].
However, this intensive sampling schedule is unsuitable
for clinical practice, due to time investment and burdening
of the patient, especially when children are concerned. As
currently recommended in guidelines, individual PK pa-
rameters can also be derived using Bayesian estimation
[3,5,6]. This technique combines information from a pop-
ulation PK model with data from the individual patient, as
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Conclusion This in silico study has identified that two to
three samples are necessary to estimate the individual PK
of BAX-855 adequately. These samples can be collected in
one or two clinical visits. When combining PK profiling of
SHL FVIIl and BAX 855, six samples during four clinical visits
are needed. Blood Coagul Fibrinolysis 34:171-178
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a result only two to five FVIII levels are necessary to
adequately estimate individual PK parameters [7-13].

Patients with hemophilia A may need to switch between
FVIII concentrates, either as a consequence of the avail-
ability of new factor concentrates, for instance from stan-
dard half-life (SHL) to an extended half-life (EHL)
concentrate, or due to price agreements. During this
switch, PK-guided dosing can aid in determining the
adequate dose of the new concentrate for each individual
patient [13]. Often, individual PK parameters are deter-
mined for the new concentrate. During our clinical expe-
rience, we observed that it may also be beneficial to
determine the individual PK parameters of the currently
used factor concentrate to estimate FVIII levels during
bleeds, physical activities and FVIII trough and peak
levels, as these FVIII levels are informative to set target
factor levels for the PK-guided dosing of the new concen-
trate [14]. Yu ez a/. [15] also describe knowing the indi-
vidual PK parameters of the currently used concentrate as
an ideal scenario. Of course, the extra blood sampling
necessary to perform PK profiling with both the current
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and new concentrate is a disadvantage, obligating the
patient to more hospital visits than when only the indi-
vidual PK of the new concentrate is determined.

However, this number of blood samples can be reduced,
when limited sampling strategies (I.SS) for both concen-
trates are concomitantly applied. For several SHL. and
EHL FVIII concentrates LSS have already been pub-
lished [7-12,16]. Hajducek ez a/. [16] evaluated seven
LSS for Adynovi and reported the error in the terminal
half-life. However, extensive evaluation of a LSS for
BAX 855 (Adynovi) with more sampling times including
evaluation of other interesting PK parameters and evalu-
ation of sampling schemes for children separately are still
lacking in literature. Therefore, the aim of this study was
to develop a LSS for BAX 855 for adults and children and
subsequently to illustrate how LSSs of two different
factor concentrates can be combined, resulting in fewer
blood samples and clinical visits.

Materials and methods

Simulated patients

To develop a LSS for BAX 855 (Adynovi/Adynovate,
T'akeda Pharmaceutical Company Limited, Japan), Mon-
te Carlo simulations were performed for 10 000 virtual
patients with severe hemophilia A in NONMEM. The
Monte Carlo method takes repetitively random samples
from the distribution of PK parameters described by a
population PK model. The method also takes unex-
plained inter-individual variability into account, resulting
in different PK parameters for individuals with similar
patient characteristics. For this analysis, the published
population PK model of BAX 855 from the WAPPS-hemo
database based on one-stage assay FVIII levels was used
[17]. This model was a two compartment model in which
clearance was depended on the fat-free mass and age of
the patient and central volume of distribution on fat-free
mass. A virtual patient population was created with R
software (v3.5.2) so that the patients’ age, body weight
and fat-free mass resembled the patient population used
for model building. Individual PK parameters [clearance
(CL), steady state volume of distribution (VSS) and
elimination half-life (71,)] were obtained for this virtual
patient population and FVIII level over time profiles
were constructed. For simplicity, it was assumed that
all patients had severe hemophilia A and had no endoge-
nous baseline FVIII level. A steady-state dose of 50 [U/kg
every 72 h was administrated to the virtual patients and
the dose was rounded to the nearest dose of 250 IU,
accounting for the available vial sizes.

Limited sampling strategy BAX 855

Several LSS including 2—6 samples were developed based
on the six time points (15-30 min, 4, 24, 48, 72 and 96 h
after concentrate infusion) reported in the practical pro-
posal for switching from SHL to EHL. concentrates from
Nederlof ez al. [14] We focused on LSS including at least
one peak level and one other level (Table 1). In clinical

practice, it is unlikely that sampling will be performed on
the exact time points. Therefore, we applied a window of 1
h around the 4-h sampling time and a window of 4 h around
the 24,48, 72 and 96 h time points. Importantly, we do not
describe predose levels as sample point, since the predose
and the latest sampling time point are similar when the
sampling is efficiently timed and the previous doses are
known (later described in more detail). The M3 method
was used to handle samples below the limit of quantifica-
tion (BQL; <0.01 IU/ml). This method estimates the like-
lihood that the sample is BQL [18].

The results of each LSS were assessed by calculation of
the relative error for the PK parameters (CL, V1, #;/,) and
the estimated trough level at 72h (C;;) for BAX855
or estimated trough level at 48h (Cyg) for SHLL FVIII
[Eq. (1)]. The relative error was visualized in boxplots.
The bias calculated by the mean percentage error [MPE,
Eq. (2)] and accuracy calculated by a mean absolute
percentage error [MAPE, Eq. (3)] of the examined LLSSs
were determined and LLSSs with a MPE value outside
—5% to 5% and MAPE >25% were deemed inadequate,
such as also applied in other published limited sampling
strategy studies [19,20].

07, — Ocrye
relative error = 2/~ Puuei x 100% (1)
true,/
1 n
MPE = ; Z(relative error) (2)
i=1
1 n
MAPE = - lati 3
p; Z | relative error| 3)
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In which 6;; describes the individual PK parameter for
the 7th individual with the sth LSS set and the 60, ; the
true PK parameter obtained by Monte Carlo simulation
for the /th individual.

Table 1 Evaluated limited sampling strategies (LSS) for BAX 855.
LSS11 and LSS12 include two samples around 48 h or 72 h. LSS7
(in green) was selected as preferred strategy

Time point 15-30 min 4 h 24 h 48 h 72 h 96 h

Six samples
LSS1

Four samples
LSS2
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LSS4

LSS5
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LSS6
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LSS15
LSS16
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In general, children have a higher FVIII clearance per kg
body weight [21,22]. Therefore, the adequacy of the
LLSSs was evaluated separately for adults and children
<12 years.

Limited sampling strategy standard half-life factor VlII
To lower the burden for the patient, we compared the
LLSS sampling strategy for SHLL FVIII concentrates after a
steady state dose of 40 IU/kg every 48 h including a 15—
30 min, 4 h, 24 h and 48 h sample to a strategy without the
4 h sample using the same virtual population of 10 000
patients [7,14]. The published population PK model of
Bjorkman was used and for all patients’ administration of
arecombinant SHL FVIII concentrate was assumed [21].
Further methods were similar to the methods described
for LSS of BAX 855.

Obtaining standard half-life and extended half-life
pharmacokinetics profiles

Subsequently, the LSS showing the best predictive per-
formance, indicated by lowest bias, highest accuracy and
lowest patient burden, was selected as PK profile strategy
for BAX 855. This strategy was combined with the
selected LSS of SHL FVIII concentrates, to illustrate
how PK profiles of both SHLL FVIII and BAX 855 can be
obtained in a clinical setting efficiently.

Results

Simulations

To evaluate several LSS, a patient population was simu-
lated with characteristics similar to the population
used for development of the BAX 855 population PK
model (Table 2) [17]. In Figure 1, Supplemental Digital
Content, http://links.lww.com/BCF/A143, correlations
between the patient characteristics are given. T'he simu-
lated FVIII levels used for the LSS analysis are shown in
Fig. 1. For 9% of the adults the FVIII level was BQL
(<0.01 IU/ml) 70-74 h after administration. In addition,
43% had a FVIII level BQL 94-98 h after administration.
For children, 12% and 52% of the FVIII levels were BQL
70-74 and 94-98 after administration, respectively.

Limited sampling strategies BAX 855

Figure 2 and Table 3 show the results of the evaluation of
several LSS for BAX 855 for patients >12 years. As can be
seen in Fig. 2, some strategies performed better than

Table 2 Characteristics of the simulated population
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others. The following strategies per number of sample
points resulted in the lowest bias and least inaccuracy:
LSS5 (peak, 48, 72, 96 h) using four samples, LSS7 (peak,
48, 72 h) using three samples and 1.SS14 (peak, 48 h) or
LLSS15 (peak, 72 h) using two samples. The relative error
observed in the examined LSSs including four samples
were rather similar and all evaluated strategies met the
prespecified criteria. Taking both the burden for the
patient and the results of our evaluation, we considered
LLSS7 (15-30 min, 48 h, 72 h) with three samples as the
best strategy. If a patient has already been switched to
BAX 855, the pre dose level of PK profile can be timed
72 h after home infusion. This way, samples for the BAX
855 PK profile can be obtained in only two visits to the
clinic. When inspecting the relative errors of the LLSSs
including two samples, the lowest errors in clearance,
volume of distribution and terminal half-life are observed
for LSS15 (peak, 72 h), closely followed by 1.SS14 (peak,
48 h). However, the relative error of the C;, of LSS15 was
>25%, presumably caused by BQL samples. Therefore,
we selected LSS14 as the preferred strategy when two
samples are taken. This LSS had a higher bias and lower
accuracy than strategies with three or more samples.
Namely, the MPE of C;, was —4.0% [95% confidence
interval (CI): —4.7 to —3.4] and the MAPE 22.3% (95%
CI: 21.8 to 22.8) for L.SS14 (two samples), whereas these
were —1.9% (95% CI: —2.4 to —1.4) and 14.0% (95% CI:
13.7-14.4) for LLSS7 (three samples) and —1.3% (95% CI:
—1.6 to —1.0) and 10.8% (95% CI: 10.6 to 11.0) for LS1
(six samples), respectively (Table 3).

For children a higher percentage of FVIII levels was
BQL (52% vs. 43% 94-98h after administration for
patients <12 years vs. >12 years). Therefore, the limited
sampling strategics were also evaluated separately for
children <12years old. Despite the higher number of
BQL samples, the preferred L.SS with the lowest bias and
best accuracy was the same as for adults (Figure 2 and
Table 1, Supplemental Digital Content, http://links.lww.
com/BCF/A143). For the C;, of LSS7 (peak, 48, 72h) a
MPE of —1.1% (95% CI: —2.6 t0 0.5) and MAPE of 14.9%
(95% CI: 13.6 to 16.2) was observed in comparison to a
MPE of —0.7% (95% CI: —1.7 t0 0.2) and MAPE of 11.4%
(95% CI: 10.7 to 12.1) in the sampling strategy with six
samples. The bias (—2.8%, 95% CI: —4.7 to —0.9) and
accuracy (22.9%, 95% CI: 21.5 to 24.3) of the two samples
design (peak, 48 h) for children was similar to adults.

Original population used for population model

Simulated population

Total Adults Children <12 years
N 154 10 000 8833 1167
Age (years) 19.0 (3.4-72.8) 24.3 (3.0-72.0) 26.2 (12.0-72.0) 9.3 (3.0-11.9)
Body weight (kg) 70.0 (14.8-150.0) 70.7 (14.8-149.9) 74.3 (23.5-149.9) 39.8 (14.7-81.9)
BMI (kg/m?) 23.2 (13.5-50.0) 23.7 (10.4-51.1) 24.4 (12.9-51.1) 19.6 (10.4-33.7)
Fat free mass (kg) — 55.6 (12.8-97.8) 57.5 (18.3-97.8) 34.5 (12.8-64.8)

Data is presented as median (range) or number.
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Fig. 1
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FVIIl levels of 10 000 simulated patients for limited sampling strategy analysis. The left figure depicts the FVII levels for adults (>12 years, 8833
virtual patients) and the right figure for children <12 years (1167 virtual patients). The dotted horizontal line represents the lower limit of quantification
(LLOQ, 0.01 IU/ml). For 9% and 43% of the adults the FVIIl level was below the quantification limit (BQL) 70—74 h and 94-98 h after administration,
respectively. For children, 12% and 52% of the FVIII levels were BQL 70-74 and 94-98 after administration, respectively. FVIII, factor VIII.

Limited sampling strategies standard half-life factor VIII relevant differences can be seen when the strategy with
Figure 3, Supplemental Digital Content, http://links. and without the 4h sample are compared. Hence, the
lww.com/BCF/A143 depicts the results of the evalua- strategy without the 4 h sample is recommended because
tion of the LSS for SHL FVIII concentrates. No clinically of the lower burden for the patient.
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Relative error between the true simulated PK parameters and PK parameters estimated by Bayesian analysis for a selection of the evaluated limited
sampling strategies of BAX 855 for adults (>12 years). The parameters elimination half-life (a) and FVIIl level at 72 h after dose (b) are presented. The
boxes of the boxplots present the median (middle line) and interquartile range (IQR) and the whiskers extend to the 5th and 95th percentile. The
green boxes present the preferred limited sampling strategies (LSS7 and LSS14) with the smallest relative errors. For readability, the y-axis of the
Cy5 plots are limited from —50% to 50%, while maintaining all data. PK, pharmacokinetics.
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Table 3 Bias and inaccuracy of evaluated parameters and examined limited sampling strategies of BAX 855 for adults (>12years),
represented by the mean percentage error (MPE) and mean absolute percentage error (MAPE) including 95% confidence interval,

respectively

Steady state distribution vol-

Clearance (CL) ume (Vo) Terminal half-life (/o) Predicted FVIIl level at t = 72 h (Cy5)
MPE (%) MAPE (%) MPE (%) MAPE (%) MPE (%) MAPE (%) MPE (%) MAPE (%)

Six samples

LSS1 1.3 (1.2-1.5) 5.9 (5.8-6.0) 0.9 (0.7-1.1) 7.9 (7.8-8.1) —0.6 (0.7 to —0.5) 3.9 (3.8-4.0) —-1.3 (-1.6 to —1.0) 10.8 (10.6-11.0)
Four samples

LSS2 1.7 (1.5-1.9) 6.7 (6.6-6.9) 0.9 (0.7-1.1) 9.1 (9.0-9.3) —-0.9(-1.0to —0.8) 5.0 (4.9-5.1) —1.9 (-2.3 to —1.6) 13.1 (12.9-13.4)

LSS3 1.8 (1.6-2.0) 6.9 (6.8-7.1) 1.0 (0.7-1.2) 9.0 (8.8-9.1) —0.9 (-1.0to —0.8) 4.9 (4.8-5.0) -1.7 (-2.1t0 —1.3) 142 (13.9-14.4)

LSS4 1.6 (1.4-1.8) 7.1 (7.0-7.2) 1.2 (0.9-1.4) 9.0 (8.8-9.1) —0.6 (—0.7to —0.4) 4.5 (4.4-4.6) —0.1 (-0.6 to —0.3) 13.9 (13.5-14.3)

LSS5 1.6 (1.4-1.8) 7.1 (7.0-7.3) 1.2 (0.9-1.4) 9.3 (9.2-9.5) —0.6 (—0.7to —0.5) 4.1 (4.0-4.2) —1.1 (1.6 to —0.7) 11.5 (11.2-11.9)
Three samples

LSS6 2.7 (2.6-2.9) 7.8 (7.6-7.9) 0.8 (0.5-1.0) 9.4 (9.3-9.6) —1.7 (—1.9to —1.5) 7.2 (7.1-7.4) —2.8 (—3.4 to —2.3) 20.2 (19.9-20.6)

LSS7 2.0 (1.8-2.2) 7.4 (7.3-7.5) 1.1 (0.8-1.3) 9.5 (9.4-9.7) —1 0(-1.11t0-0.8) 5.1(5.0-5.2) -1.9 (2410 -1.4) 14.0(13.7-14.4)

LSS8 0.9 (0.6-1.1) 8.3 (8.1-8.4) 1.3 (1.1-1.6) 9.5 (9.4-9.7) 5 (0.4-0.7) 5.2 (5.1-5.3) 17.3 (13.1-21.5) 30.1 (25.9-34.3)

LSS9 2.2 (2.0-2.4) 7.6 (7.4-7.7) 1.0 (0.7-1.2) 9.1 (9.0-9.3) 71 2 (-1.4to —-1.1) 5.8 (5.7-5.9) —1 4 (—2.0 to —0.9) 17.3 (16.9-17.7)

LSS10 2.3 (2.1-2.5) 8.3 (8.2-8.5) 1.4 (1.1-1.6) 9.2 (9.0-9.3) —0.7 (—0.9 to —0.5) 6.5 (6.4-6.7) 4 (1.6-3.2) 23.0 (22.4-23.7)

LSS11 2.1 (1.9-2.3) 7.4 (7.2-7.5) 1.1 (0.8-1.3) 9.6 (9.4-9.8) 71 0(-1.2t0 —0.9) 5.9 (5.8-6.0) —1 7 (—2.2to —1.2) 16.1 (15.8-16.5)

LSS12 0.8 (0.6-1.0) 8.0 (7.8-8.1) 1.3 (1.0-1.5) 9.6 (9.5-9.8) 5 (0.3-0.7) 5.3 (6.2-5.5) 16.7 (12.6-20.8) 28.8 (24.8-32.8)
Two samples

LSS13 5.6 (5.3-6.0) 12.3 (12.0-12.5) 0.9 (0.6-1.1) 9.7 (9.5-9.8) —2.9 (-3.3t0 —2.6) 12.3 (12.1-12.5) 4 (-0.7-1.5) 39.1 (38.4-39.8)

LSS14 3.7 (8.5-3.9) 9.1 (8.9-9.1) 1.0 (0.7-1.3) 9.6 (9.5-9.8) —2.2 (—2.4 to —2.0) 7.6 (7.5-7.7) —4 0 (—4.7 to —3.4) 22.3 (21.8-22.8)

LSS15 1.8 (1.5-2.0) 8.9 (8.8-9.1) 1.2 (1.0-1.5) 9.6 (9.4-9.7) 70 2 (-0.4 to —0.1) 6.6 (6.4-6.7) 15.6 (11.4-19.8) 33.8 (29.7-38.0)

LSS16 —8.0 (-8.3t0 —2.7) 11.4 (11.2-11.6) 1.7 (1.5-2.0) 9.6 (9.5-9.8) 3 (6.0-6.7) 10.9 (10.6-11.2) 97.8 (84.4-111.3) 109.9 (96.5-123.3)

Obtaining standard half-life and extended half-life
pharmacokinetics profiles

Figure 3 A illustrates how PK profiling of both the SHL.-
FVIII concentrate and BAX 855 can be efficiently per-
formed. By sampling the FVIII level before BAX 855
administration and 48 h after home infusion of SHL,, the
number of samples and consequently the number of visits
can be reduced. Seventy-two hours after the EHL ad-
ministration, one dose of SHLL FVIII is administrated, to
collect the peak and 24 h samples of the SHL profile.
Importantly, when using such method information about
prior doses (date, time, dose) is necessary. Furthermore,
before estimation of the individual PK parameters on the
concentrates, it will be necessary to correct for the resid-
ual level of the previous concentrate. This can be handled
by using first-order elimination of the residual level or
using the described doses and calculated individual PK
parameters [23—-25]. A limitation of this is that this
correction assumes that factor concentrates are measured
similarly with the same hemostatic assay. A second pos-
sibility is to sample the SHL, and EHL curve separately
as demonstrated in Fig. 3B. In this manner, correction for
a residual level of the previous concentrate is not neces-
sary. However, a disadvantage is that when the patient
prefers to administrate the first dose of the EHL. concen-
trate in the clinic, an extra visit is necessary.

Discussion

In this study, a LSS for the EHL-FVIII concentrate
BAX 855 was developed for patients with severe hemo-
philia A. The best [.SSs included sampling time points at
15-30min, 48h and 72h (LLSS7) or 15-30 min, 48h
(ILSS14) for both adults and children. The blood samples
of 1.SS7 can be obtained during two visits to the clinic,
when the 72 h sample is taken as a predose level. In this

way - during the first clinical visit - a sample is taken 72 h
after BAX 855 is administrated at home, a new BAX 855
dose is administrated and 15-30min after dose the
second sample is collected. Two days later the second
clinical visit is planned to take the sample 48h after
the dose.

The selected strategy with two samples (peak, 48h)
resulted in adequate, but lower accuracy than strategies
with >3 samples. We recommend this two-sample de-
sign — which can be collected in one clinical visit —
especially for children with difficult venous access or in
low-income countries. The two-sample design including
a peak and 72h sample (I.SS15) also demonstrated
adequate relative errors in the PK parameters. However,
for 9% of the adults and 12% of the children the 72h
sample will be BQL and thus undetectable, complicat-
ing adequate estimation of the 72 h trough level for these
individuals when this LSS is applied. Treatment centers
can decide to select LLSS15, but for 9-12% of the
patients, it necessitates taking a new 72 h sample when
the sample 1s BQL.

Interestingly, similar LSS for both adults and children
were selected, despite a difference in the number of BQL
samples. This suggests that the difference in BQL sam-
ples is too small (9% vs. 12% for the 72 h sample) to result
in better performance of other sampling schemes. More-
over, in our results, the LSS including a 96h sample,
performed less adequate than sample schemes including
48 or 72 h samples. This is caused by a high percentage
(45%) of patients for who this sample is BQL and thus
less informative. Presumably, this sample can be infor-
mative for patients when being above BQL. However,
with the current approach beforehand it is not known for
which patients this will be the case. A possible solution
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Fig. 3
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Limited sampling PK profile of SHL FVIIl and BAX 855 combined,
resulting in the fewest visits to the clinic. The blue color indicates
dosing and sampling points of the extended half-life concentrate, while
the red color refers to the standard half-life concentrate. Figure 3A
demonstrates the combination of PK profiling of both the SHL-FVIII
concentrate and BAX855. Figure 3B demonstrates PK profiling
separately, when the first sample is taken at a set time point after home
infusion of the factor concentrates. FVIII, factor VIII; PK,
pharmacokinetics; SHL, standard half-life.

would be to wuse personalized limited

approaches [26].

sampling

In our study, we also illustrated how the LLSSs of SHL
FVIII concentrate and BAX 855 can be combined result-
ing in six blood samples during four visits. In contrast,

when the two PK profiles are not combined and especial-
ly when the predose level is not used as trough level,
eight samples during six visits to the clinic are needed to
construct both PK profiles. Importantly, the approach of
combining the sampling of two PK profiles may be
applied to other FVIII and FIX concentrates, when
limited sampling strategies of the specific factor concen-
trate products are present, such as for rFVIIIFc (Elocta).
When this combined sample design for two concentrates
is performed, individual PK parameters for both concen-
trates can be obtained. Using Bayesian estimation,
knowledge about previous FVIII levels during onset of
bleeds and physical activities can be obtained when — in
for instance a logbook of a patient - administration times
of factor concentrate doses are available. These levels can
be informative to set target levels for the PK-guided
dosing of the new concentrate. However, it is important
to bear three limitations in mind. Firstly, the PK-phar-
macodynamics (PD) relation between two factor concen-
trates may be different, meaning that a similar targeted
FVIII level could result in a different effect and thus
different bleeding tendency. Previously published stud-
ies are too limited to compare the PK-PD relation of
factor concentrates, but differences in obtained annual
bleeding rate (ABR) values with similar doses could
indicate a different PK-PD relation. Secondly, time
spent above or below certain factor level may be clinically
relevant and differs between for instance SHL. and EHL
factor concentrates, although an identical trough level is
targeted [5]. To overcome this limitation, the time above
a certain factor level could also be calculated. Thirdly,
differences in one-stage and chromogenic assay can vary
per factor concentrate, making it more difficult to com-
pare the factor levels on both concentrates [27].

In the preferred strategy for BAX 855, the peak, 48 h and
72h sample were present. These results differ from
Hajducek’s preferred LSS based on 7y, estimations of
BAX 855, namely predose, 2h, 24 h and 72 h (four sam-
ples) or predose, 2h and 72 h (three samples) [16]. Our
most comparable strategies are LSS9 and [LSS15, respec-
tively, with the exception that we included a peak sample
instead of a 2 h sample. Only looking at the 7;, estima-
tion, in line with Hajducek’s methodology, 1.SS15 indeed
seemed the best three-sample strategy (when the 72h
level is taken as a predose level). However, using [LSS15,
C;, could not be estimated accurately. Therefore, we
recommend to use our preferred LSS as sampling a peak
factor level is more convenient than sampling a 2-h
sample. Our finding is partly consistent with the LSS
for rFVIIIFc (Elocta) of Mc Enemy-King e /., which
selected a 72 h trough, 1 h peak and 72 h as 3-point sample
design for adults [12]. Our results cannot be compared to
a LSS for BAY 94-9027 (Jivi) as Solms ez a/. [28] only
evaluated the following sampling designs in their study:
one sample, two samples (4 h, 48 h) or three samples (4 h,
24 h, 48 h). The selected LLSS for BAX 855 includes two to



three samples. This is in accordance with the recommen-
dation of the subcommittee on FVIII, factor XI and rare
bleeding disorders of the ISTH that proposed two to four
post infusion samples [13]. Furthermore, the study of
Blanchette e7 al. [29] compared a 6-sample design to a
two-sample design in a PK study of Advate with 39
patients with hemophilia A, and concluded that the 2-
sample design showed sufficient accuracy to be used in
routine clinical care. This conclusion was based on an
substantial and almost perfect interclass correlation for
clearance (0.73) and 7, (0.84) between the PK parame-
ters in the six- and two-sample design. Though, it should
be noted that the PK parameters calculated with a six-
sample design are not the exact (true) individual PK
parameters, making the agreement of the two-sample
design with true individual PK parameters smaller.

The results of this study are based on simulations and
therefore have not yet been validated with real-life
patient data in a clinical setting. However, PK data
collected by the Web-Accessible Population Pharmaco-
kinetic Service (WAPPS) could be used.

Furthermore, the predictive performance of the LLSSs is
dependent on the population PK model that is used for
the simulations and may differ depending on the patient
characteristics and sampling design of the data used for
model development. The population PK model of BAX
855 used in this analysis included 154 hemophilia A
patients from 3 to 72years [17]. The results therefore
reflect a population that is similar to the population that
was used for building this model.

Conclusion

This in silico study has identified that two to three
samples are necessary to estimate the individual PK of
BAX-855 adequately. Sampling a peak (15-30 min), 48 h
and 72 h resulted in the best predictive performance for
the PK of BAX-855. These three samples can be collect-
ed within two visits to the clinic, when the 72 h sample is
taken as predose level 72 h after BAX 855 home infusion.
The best 2-sample design with samples at 15-30 min and
48h, can be collected within one visit to the clinic.
Moreover, we illustrated how the PK profile of a current
and new concentrate can be combined. This approach
leads to fewer clinical visits, whereas concomitantly col-
lecting valuable information on individual PK parameters
of the currently used concentrate. These PK parameters
can be used to estimate FVIII levels during previous
bleeds, physical activities and FVIII trough and peak
levels, which are helpful to better set target levels for the
PK-guided dosing of the new concentrate.
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