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Abstract

Background: Clinical severity of hemophilia A (HA) varies, possibly due to interplay
of many factors in the hemostatic pathway. Pharmacokinetic monitoring of factor VIlI
(FVII) replacement therapy in HA patients consists of measuring FVIII activity levels
and subsequent dose adjustment. The Nijmegen Hemostasis Assay (NHA) measures
thrombin generation (TG) and plasmin generation (PG).

Objective: To determine differences in TG and PG between HA patients before and
during a pharmacokinetic study and identify best parameters to develop a pharma-
codynamic model.

Methods: Twenty-five HA patients (baseline FVIII < 1-9 IU/dL) underwent a pharma-
cokinetic study with a single dose of 25-50 1U/kg standard half-life FVIIl concentrate.
At baseline and after administration of FVIII TG and PG parameters were measured
with the NHA.

Results: FVIIl activity level increased from median 1.0 IU/dL (interquartile range < 1.0-
6.0) to 71 1U/dL (62-82) 15 minutes after administration and decreased to 15 IU/dL
(10-26) at 24 hours. TG was enhanced simultaneously, with thrombin peak height
(TPH) increasing from 22nM (15-35) to 222nM (159-255), and thrombin potential
(TP) from 404nM/min (undetectable-876) to 1834nM/min (1546-2353). Twenty-
four hours after infusion, TG parameters remained high (TPH 73nM [58.5-126.3];
TP 1394nM/min [1066-1677]) compared to FVIII activity level. PG showed hyperfi-
brinolysis in severe HA patients compared to mild patients and controls, which nor-
malized after FVIII supplementation.

Conclusion: HA patients showed clear differences in baseline TG and PG despite

having comparable FVIII activity levels. These results reveal a discrepancy between
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1 | INTRODUCTION

Hemophilia A (HA) is an X-linked hereditary disorder resulting in co-
agulation factor VIII (FVIII) activity deficiency and recurrent spon-
taneous and trauma-related bleeding.! The mainstay of treatment is
replacement therapy with FVIII either as prophylaxis or on demand
in case of a bleeding episode. Traditionally, a FVIII trough level for
prophylactic therapy of 1 1U/dL is preferred,? which is determined by
pharmacokinetic (PK)-guided dosing.>> However, some patients still
experience bleeding episodes despite adequate FVIII trough levels.®
In general, severity of bleeding phenotype is roughly correlated with
measured FVIII activity level but can vary between individual pa-
tients with an equal FVIII activity level.”” The underlying difference
in bleeding phenotype and response to replacement therapy is yet to
be determined, with individual variations in the hemostatic balance
as a potential leading cause.

The thrombin generation assay (TGA) can be used to assess
the individual hemostatic potential as it measures the hemostatic
balance as a whole.X Previously, TGAs were used to determine

81112 3nd to monitor he-

differences in phenotype of HA patients,
mostasis during replacement therapy in HA patients without an in-
hibitor.”*3*> Moreover, TGAs are more frequently used to monitor
hemostatic response to bypassing agents (BPAs) in HA patients with
inhibitors.?6"2! Specifically, in patients with inhibitors receiving emi-
cizumab and BPAs, TGA is able to determine potential synergistic
effects.???% In general, the impact of FVIII on thrombin generation
(TG), the pharmacodynamic (PD) effect, may be implemented to in-
dividualize treatment using a PK-PD model.

A small study by Lewis et al showed that overall TG parame-
ters were closely correlated with median FVIII activity levels in
severe HA patients, but with a wide inter-patient variability of TG
parameters at different time points after FVIII infusion. However,
intra-patient variability was small, resulting in a predictable rela-
tion between FVIIl and TG for an individual patient.25 This is in
accordance with another study that showed a high inter-individ-
ual heterogeneity in baseline TG parameters in hemophilia A and
B patients, but after spiking plasma with the specific coagulation
factor, TG showed strong correlations in individual patients.?® The
main drawback of these previous studies is the limited number
of patients in whom TG was measured (12 and 10 HA patients,
respectively).?>%¢

In this study, we performed PK analysis in a cohort of severe,
moderate, and mild HA patients, and combined these with mea-
surement of TG and plasmin generation (PG) using the Nijmegen

Hemostasis Assay (NHA). The NHA is developed to simultaneously
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FVIII activity level and TG, in which the latter may be a better parameter to monitor

individualized treatment in HA patients.

coagulation, factor VIII, fibrinolysis, hemophilia A, pharmacokinetic

Essentials

e Clinical phenotype of hemophilia A (HA) is variable
when correcting for factor (F) VIII level.

e Combined thrombin and plasmin generation (TG/PG)
was determined after FVIII supplementation.

e Patients with HA expose an individual response in TG
before and after FVIII replacement therapy.

e Treatment of HA can be individualized by TG monitoring

in combination with FVIII level.

measure TG and PG in a single assay by a fluorimeter, thereby incor-
porating the interplay between TG and PG.? The aim of the current
study is to determine TG and PG differences between HA patients.
Furthermore, the responses of TG and PG after a single FVIII bolus
are evaluated to generate the most optimal TG parameter to monitor

FVIII replacement therapy.

2 | MATERIALS AND METHODS
2.1 | Patients

Patients (children and adults, without age limit) with severe (FVIII
plasma activity level <1 IU/dL), moderate (FVIII activity level 1-5 U/
dL), and mild HA (FVIII activity level 5-40 IU/dL) who underwent a
PK study with a standard half-life FVIII concentrate in the Radboud
University Medical Center, Nijmegen, the Netherlands, were en-
rolled in this monocenter study between February 2003 and July
2013. This study is registered in the Dutch Trial Registry (number
NL2808). Exclusion criteria were: known allergy to plasma pro-
teins, liver cirrhosis, hepatitis C treated with interferon within 6
months before inclusion, human immunodeficiency virus infection,
hemoglobin level <8.0 mmol/L, platelet count <50%107/L, difficult
venous access, switch of FVIII product during the last year, and spe-
cific medications known to interact with hemostasis (non-steroidal
anti-inflammatories, platelet aggregation inhibitors, antimicrobi-
als, thyroid inhibitors and selective serotonin reuptake inhibitors).
The Medical Ethical Committee of the Radboud University Medical
Centre approved the study and all participating patients, or parents
in case of underaged children, gave written informed consent. The

study was conducted in accordance with the Declaration of Helsinki.
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For each patient age, height, body weight, baseline FVIII activity
level, and dosage of FVIII replacement therapy (plasma derived or re-
combinant) were collected. Before administration of the FVIII bolus,
hemoglobulin level, hematocrit, von Willebrand factor ristocetin ac-
tivity level, and inhibitor titers were determined. Inhibitor titer was
analyzed with the Nijmegen Bethesda Assay (NBA)?® and Nijmegen
Low Titer Inhibitor Assay (NLTIA),?? both as described before.

The amount and type of FVIII product were determined by the
treating physician, pursuing a dosage of 25 to 50 IU/kg. If possible,
a standard wash-out period of 72 hours was issued. Blood samples
were collected at several time points for PK and PD measurements:
at baseline (before the FVIII bolus), and at 3, 5, 15, 30 minutes, and
1,3, 6,9, and 24 hours after the bolus. Blood samples were collected
by venipuncture in 3.2% buffered sodium citrate siliconized blood
collecting tubes (Becton Dickenson, Plymouth, UK).

2.2 | Sample preparation

All samples were processed directly after collection. For measure-
ment of the NHA, platelet poor plasma (PPP) was obtained. Samples
were centrifuged for 15 minutes at 4°C and 4200 g. PPP samples
were aliquoted into 1.5 mL long-term freezer storage tubes with
O-ring screw caps (USA Scientific, Ocala, FL, USA), directly frozen
in liquid nitrogen, and stored at -80°C until analysis. All aliquoted
plasma samples were defrosted only once to measure either FVIII
activity levels, or simultaneously TG and PG according to the NHA
methods. All analyses were performed in the Radboud University

Medical Center, Nijmegen, the Netherlands.

2.3 | FVII activity level assay

At mentioned time points, FVIII plasma activity level was determined
using the FVIII one-stage clotting assay (Cephascreen reagents and
STA Evolution, both Stago Group, Asniéres sur Seine, France) accord-
ing to manufacturer's instructions and the FVIII chromogenic assay ac-
cording to manufacturer's instruction (Biophen FVIII:C assay, HYPHEN
Biomed SAS, Neuville-sur-Oise, France), at the STA Evolution (Stago
Group). For both assays, a normal pooled plasma sample consisting
of plasma of 60 healthy donors was used as reference standard. All
measurements were performed in duplicate. Because one-stage data
were more complete (chromogenic FVIII activity levels were lacking for
two patients as this assay was not implemented at that time), and only
standard half-life products were used, all analyses were performed

using one-stage FVIII activity levels.

2.4 | Nijmegen Hemostasis Assay

The NHA is developed to evaluate hemostasis through simultaneous
measurement of TG and PG. The complete description of the assay and

validation procedure has been described previously.?” Seven essential

parameters were obtained with the NHA: (a) lag time to thrombin gen-
eration initiation, (b) time to thrombin peak, (c) thrombin peak height,
(d) area under the curve (AUC, thrombin potential), all for TG, and for
PG: (e) plasmin peak, (f) fibrin lysis time, and (g) plasmin potential (AUC).
In case of minimal TG, NHA parameters were difficult to obtain, espe-
cially low thrombin peak height, which can lead to an “undetectable”
thrombin potential as the AUC cannot be calculated.

With NHA assay, multiple positive control measurements were
obtained with normal pooled plasma (NPP), which consisted of equal
amount of PPP, collected from 10 healthy donors, representing
males and females equally, in the age range 18 to 70 years. Females
were not pregnant, nor on oral contraceptives. NPP consisted of one
batch that was aliquoted in separate vials and results from all pos-
itive control measurements were used as reference standard. The
negative control measurements were obtained with plasma defi-
cient of FVIII (HRF Inc, Raleigh, NC, USA). For all results, we used

the mean of two measurements of the NHA.

2.5 | Statistical analysis

All parameters are reported as median (interquartile range [IQR]) un-
less stated otherwise. We used descriptive statistics for patient char-
acteristics. Spearman correlation was used to correlate FVIII one-stage
and chromogenic values and the correlation with TG parameters. The
Mann-Whitney test was used to determine differences in baseline
NHA parameters between groups and the Wilcoxon matched-pairs
signed rank test to analyze differences before and after the FVIII bolus.

NHA parameters were obtained as absolute values and used to
analyze individual response to the FVIII bolus. We have normalized
the absolute values of thrombin peak height and thrombin potential
by dividing them by the mean of NPP samples that were used as pos-
itive control along the specific patients’ assay run to be able to make
a comparison between patients.

Statistical analyses were performed with Prism GraphPad, ver-
sion 5.03. All p-values are two-sided and a p-value lower than 0.05
was considered statistically significant.

3 | RESULTS
3.1 | Patient characteristics

In total, 25 patients were included in the study in which a complete
PD profile was available. Furthermore, in one patient a PK/PD pro-
file was determined twice because of a FVIII product switch, with an
interval of 6 years, leading to a total of 26 PK/PD profiles. The pa-
tient group composed of 16 patients with severe HA, 3 with moder-
ate, and 6 with mild HA. Patient characteristics are shown in Table 1
and individual patient characteristics are shown in Table S1 in sup-
porting information. FVIII activity level before bolus administration
were higher than the endogenous baseline (lowest ever measured) in

some patients because of residual FVIII from previous administrations
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TABLE 1 Clinical characteristics of patients

Characteristic Value
Number of patients 25
Number of determined profiles 26
Number of profiles per patient, median (range) 1(1-2)
Hemophilia severity

Severe, number (number of profiles) 16 (16)

Baseline FVIII activity level in IU/dL, median (IQR)® <1 (<1-1)

Moderate, number (number of profiles) 3(4)

Baseline FVIII activity level in IU/dL, median (IQR)* 5.5 (5-6)

Mild, number (number of profiles) 6 (6)

Baseline FVIII activity level in IU/dL, median 9 (7-10.5)
(IQR)?

Age, median (range) 51 (2-77)

Weight, mean (SD) 76 (27)

Dosage in IU/kg, median (IQR) 28 (27-34)

VWEF concentration in %, median (IQR) 97 (77-100)

Hemoglobulin in mmol/I, median (IQR) 9.0 (8.4-9.6)

Patients with positive NBA, number (%) 2(8)

Patients with positive NLTIA, number (%) 4 (16)
Product

Advate 11

Aafact 5

Helixate 5

Kogenate 3

Haemate P 1

Refacto 1

Abbreviations: FVIII, factor VIII; IQR, interquartile range; NBA,
Nijmegen Bethesda Assay; NLTIA, Nijmegen Low Titer Inhibitor Assay;
SD, standard deviation; VWF, von Willebrand factor.

?Baseline FVIII activity level can be higher than lowest measured FVIII
activity level due to residual FVIII concentrate or other factors (ie,
stress).

(patients on prophylaxis in whom a wash-out period was impossi-
ble due to bleeding problems). The median age was 51 years (range
2-77 years) and mean weight 82 kg (standard deviation [SD] 27 kg).
Eleven patients received Advate for the PK study, five Aafact, five
Helixate, three Kogenate, one Refacto, and one Haemate P®/Humate
P. Median administered dose was 34 IU/kg (IQR 27-35 1U/kg). Two
patients were known to have a low-titer inhibitor (patient 8 and 30
both 0.3 Nijmegen Bethesda units [NBU]/mL) and two additional pa-
tients had an inhibitor that was negative in the NBA, but positive in
the NLTIA (patient 13 0.1 NLTIU/mL; patient 15 0.04 NLTIU/mL).

3.2 | Pharmacokinetic values

Median pre-bolus baseline plasma FVIII activity level was 1.0 1U/
dL (IQR < 1-6.3) measured with the one-stage assay and 2.5 1U/dL

(<1-6.0) with the chromogenic assay. Overall correlation between
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one-stage and chromogenic assay was strong (r = 0.91; 95% con-
fidence interval [CI] 0.90-0.93; P < .0001; Figure 1A). Severe HA
patients had a median FVIII activity level of <1 IU/dL (<1-1), moder-
ate patients of 5.5 IU/dL (5-6), and mild patients of 9 IU/dL (7-10.5).

After infusion of the single FVIII bolus, median FVIII activity level
increased to 71 IU/dL (62-82) after 15 minutes, 68 IU/dL (55-77) after
1 hour, 42 1U/dL (34-55) after 6 hours, and 15 1U/dL (10-26) after
24 hours, as shown in Figure 2A and Table S2 in supporting information.

3.3 | Reference NHA values

Parallel to the NHA measurements of patient samples, the NHA was
determined in samples of pooled plasma of healthy controls (a total
of 73 separate runs from one batch of prepared NPP as positive con-
trol). The NHA results of this control group are given in Table S2.
Correlations between FVIII activity level and TG parameters are

shown in Figure S1 in supporting information.

3.4 | Baseline values of thrombin and plasmin
generation (pre-bolus samples)

The results in baseline parameters of the NHA are shown in Figure 1
and individual baseline FVIII activity level and NHA parameters are
shown in Table S3 in supporting information. At baseline, thrombin
peak height was 23 nmol/L (IQR 15-39; Figure 1B), and was rela-
tively similar for severe and moderate HA patients (20 nmol/L [12-
26] versus 16 nmol/L [12-30], respectively) but evidently higher in
mild HA patients (65 nmol/L [54-80], P < .001 for severe versus
mild and P < .01 for mild versus moderate). Severe HA patients had
a lower thrombin potential (190 nmol/L/min [undetectable-613])
than moderate (471 nmol/L/min [102-996]) and mild HA patients
(1107 nmol/L/min [874-1187], P < .001 for severe versus mild,
Figure 1C). For plasmin generation, the difference in plasmin peak
height was remarkable (Figure 1D; 38 nmol/L [24-53] for all patients).
It was 46 nmol/L (28-55) in severe HA patients, but 32 nmol/L (22-70)
in moderate patients and 24 nmol/L (19-35) in mild patients, indicat-
ing higher plasmin production in severe HA patients than in mild HA
patients (P = .02), and even more pronounced when severe patients
are compared to normal controls (28 [21.5-34], P < .001). In Figure
S2 in supporting information remaining TG and PG parameters are

shown.

3.5 | Pharmacodynamic parameters after FVIII
replacement

Results of NHA measurement after FVIII replacement to assess pharma-
codynamics are shown in Figure 2. Along with the increase of FVIII ac-
tivity level after the bolus infusion, TG was enhanced as well. Thrombin
peak height rose from 23 nmol/L (15-39) pre-bolus to 219 nmol/L (149-
253) at 15 minutes (Figure 2B) and gradually decreased to 73 nmol/L
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replacement, as expected.

FIGURE 1 Correlation between factor
VIII (FVIII) assays of all samples and
baseline characteristics of thrombin peak
height, thrombin potential, and plasmin
peak. A, Correlation of FVIII activity level
between FVIII one-stage and chromogenic
assay (r 0.91; 95% confidence interval [CI]
0.90-0.93; P < .0001) of all FVIII activity
levels measured (pre- and post-bolus).
Baseline characteristics of (B) thrombin
peak height, (C) thrombin potential, and
(D) plasmin peak. Group data are all
patients taken together and the control
represents all normal pooled plasma runs
that were used as positive control with
the Nijmegen Hemostasis Assay (n = 73).
Lines represent median with interquartile
range in all graphs. *P < .05; ** P < .01; ***
P<.001

FIGURE 2 Factor VIII (FVIII), thrombin
peak height, thrombin potential, and
plasmin peak height after a single bolus
of FVIII replacement therapy, measured
at different time points. A, Reached

FVIII activity level (in 1U/dL) before and
post infusion of FVIII replacement for
the one-stage assay, and reached (B)
thrombin peak height (in nmol/L), (C)
thrombin potential (in nmol/L/min), and
(D) plasmin peak height (in nM) over time.
Box represents median with interquartile
range, whiskers indicate minimum and
maximum, dots are outliers

to 28 nmol/L (17-38) at 30 minutes after infusion of FVIIl, P < .001
(Figure 2D). The other parameters of the NHA are shown in Figure S3 in
supporting information and Table s2 and show normalization after FVIII

Figure 3 shows FVIII activity levels in combination with absolute

values of TG parameters (thrombin peak [Figure 3A] and thrombin
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FIGURE 3 Factor VIII (FVIII) activity level and thrombin generation parameters (absolute and normalized) before and at different time
points after FVIII supplementation. Reached FVIII activity level (in IU/dL on left y-axis; black) before and post infusion of FVIII replacement
and absolute values of (A) thrombin peak height (in nmol/L) and (B) thrombin potential (in nM/min), both in red on right y-axis. Normalized
values of (C) thrombin peak height (as percentage of NPP that was used as positive control in each assay) and (D) thrombin potential (as
percentage of NPP) both in green, on right y-axis. Dots represent median and error indicates interquartile range. NPP: normal pooled plasma

potential [Figure 3B]) at the different time points of the PK/PD
study. Markedly, even though FVIII activity levels are relatively low
24 hours after the bolus, thrombin peak height and thrombin poten-
tial remained strikingly higher. Lag time and time to thrombin peak

are shown in Figure S4 in supporting information.

3.6 | Normalized pharmacodynamic parameters

The results of the normalized values of thrombin peak height and

thrombin potential in comparison to FVIII activity level are shown

in Figure 3C and 3D and Table S2. In general, the normalized TG
parameters showed comparable changes to the absolute TG pa-
rameters. Normalized thrombin peak (Figure 3C) was 10% of NPP
before FVIII replacement therapy and increased to 87% (57-108)
after 15 minutes. As shown before (see Figure 3A), thrombin peak
height remained higher than FVIII, at 6 hours it was 51% (43-78)
and at 24 hours 32% (23-50). Thrombin potential showed matching
results with normalized thrombin peak height (Figure 3D), but with
an even longer persisting thrombin potential over time. At 9 hours,
thrombin potential was 90% of normal (79-114) and at 24 hours

half the patients had a thrombin potential above 75% of normal
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(59-87) while having a FVIII activity level of only 15 IU/dL (10-26),
indicating a persistent TG response after FVIII supplementation.

3.7 | Patients with a neutralizing inhibitor and
double pharmacokinetic profile

Two patients had a low titer inhibitor (patient 8 (Figure 4A) and 30
both 0.3 NBU (Figure 4B)) and two other patients had a low titer
inhibitor measured with the NLTIA (patient 13 0.1 NLTIU (Figure 4C)
and 15 0.04 NLTIU (Figure 4D)) with a negative result in the NBA.
The FVIII half-life was much shorter (eg, patient 8 of 4.5 hours) than
average in three out of four patients, only patient 30 had a FVIII half-
life that was average (11.4 hours); also, the volume of distribution
and clearance were influenced by the inhibitor. The PK profile and
thrombin peak height and potential (as percentage of NPP) are given
in Figure 4. All patients with a low inhibitor showed a normal throm-
bin peak height and potential recovery, and all, except for patient 8
(Figure 4A) and partially patient 13 (Figure 4C), show excellent dura-
tion of the thrombin potential response until 24 hours post infusion.
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Oppositely, thrombin peak height and FVIII activity level was lower
compared to the mean level of patients without an inhibitor during
the 24 hours after the bolus injection.

Most interestingly of all, patient 8 was given 91 IU/kg FVIII,
leading to a FVIII activity level of 130 IU/dL after 10 minutes and
even 250 IU/dL after 45 minutes. This was associated with a maxi-
mal thrombin peak height of 86% of normal and thrombin potential
of 154% of normal, which both remained at this level for 3 hours;
afterward it decreased to normal levels until 9 hours after the bolus
and was only 10% of normal after 24 hours.

In one patient (patient 12), a PK profile was performed twice,
when a switch in FVIII replacement product was initiated. The first
PK profile was done with Aafact 23 IU/kg and the second with
26 IU/kg Advate (Figure S5 in supporting information). Notably, the
patient has an adequate response of FVIII activity levels after both
injections, but thrombin peak height was lower than expected with
both products, while thrombin potential reached normal values, an
effect that is not seen in other patients. Also, an increase in thrombin
peak height and potential at 24 hours compared to previous time
points is seen after both infusions.
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FIGURE 4 Pharmacokinetic and pharmacodynamic parameters of low titer inhibitor patients. The factor VIII (FVIII) activity level of the
patient (continuous black line, on left y-axis) before and at different time points post infusion of a bolus of FVIII replacement therapy and
thrombin peak height (continuous red line, on right y-axis) and thrombin potential (continuous blue line, on right y-axis), both as percentage
of NPP in hemophilia patients with an inhibitor. A, Patient 8; bolus of 91 IU/kg Kogenate, inhibitor in NBA 0.3 NBU/mL. B, Patient 30; bolus
of 27 IU/kg Advate, inhibitor in NBA 0.3 NBU/mL. C, Patient 13; bolus of 39 1U/kg Advate, inhibitor in NLTIA 0.1 NLTIU/mL. D, Patient 15;
bolus of 35 IU/kg Advate, inhibitor in NLTIA 0.04 NLTIU/mL. In all figures, the mean of all patients without inhibitors is shown in a dotted
line (black for FVIII activity level; red for thrombin peak height and blue for thrombin potential). FVIII: factor VIII; NBA: Nijmegen Bethesda
Assay; NBU, Nijmegen Bethesda unit; NLTIA: Nijmegen Low Titer Inhibitor Assay; NPP: normal pooled plasma
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In this study, the effect of FVIII replacement therapy on phar-
macokinetic and pharmacodynamic parameters were obtained in
a group of 25 HA patients. Baseline TG parameters showed sig-
nificant differences between severe HA and mild HA patients,
thereby indicating that small changes in FVIII activity levels can
have a major impact on TG. After the FVIII bolus, most patients
reached a normalization of TG, FVIII activity level decreased faster
than TG, especially thrombin potential. Also, great differences in
TG profiles were observed between severe HA patients with equal
baseline plasma FVIII activity levels, indicating that other pro- and
anticoagulation factors play an important role in an individual's
hemostatic balance. Based on our results, thrombin peak height in
combination with thrombin potential, and when possible, plasmin
peak height measured with the NHA, reflect the hemostatic bal-
ance adequately in patients with HA.

The NHA is the only assay in which TG and PG is measured si-
multaneously in one well. The simultaneous thrombin and plasmin

1*% and the combined throm-

generation (STP) assay by Simpson et a
bin and plasmin generation (T/P-G) assay by Matsumoto et al*! mea-
sure TG and PG in separate wells. These assays have only been used
to measure baseline TG and PG and show similar results regarding
baseline TG in HA patients,3°'31 but a difference between severe and
moderate HA patients was not observed.?' We did observe a differ-
ence in TG between mild and severe HA patients, possibly because
we included more patients in our study.

At baseline, we observed an increased plasmin peak height and
plasmin potential, corresponding to low TG profiles that disap-
peared after the FVIII bolus, indicating hyperfibrinolysis associ-
ated with low TG. This is in accordance with previous reports that
suggest an enhanced fibrinolytic capacity due to reduced throm-
bin formation and subsequent diminished thrombin activatable
fibrinolysis inhibitor (TAFI) activation.’?%® Even though hyperfi-
brinolysis was not demonstrated in the STP and T/P-G assay,>%3!
this difference can be explained by the assay set-up and shows the
additional value of the NHA where the tissue plasminogen acti-
vator (tPA) concentration is titrated to adequately measure TAFI
activity.

Overall, we observed a very good correlation between the one-
stage FVIII assay and the chromogenic assay. However, some pa-
tients (for example patient 18) clearly showed a discrepancy in the
results between the assays. This discrepancy could be explained by
the specific genetic mutation of the patient.>* For patient 18, ge-
netic data was unavailable, but the higher chromogenic FVIII activity
level in patients 13 and 20 can be explained by their p.Arg1708Cys
variant.®®

A clinically challenging group of HA patients are those who
develop a neutralizing inhibitor during treatment. We showed the
results of patients with a low titer inhibitor (n = 2) and a negative
titer in the NBA with a positive NLTIA (n = 2). In general, except
patients 8 and partially patient 13, patients showed an adequate ini-

tial response to the FVIII bolus, but later, mostly after 1 to 3 hours,

jm | 3229

mainly thrombin peak height was decreased compared to non-in-
hibitor patients. In contrast, thrombin potential remained relatively
equal to non-inhibitor patients and did not show a decreasing trend
over time. Only patient 8 had a diminished duration of FVIII sup-
plementation with TG returning to baseline after 24 hours, proba-
bly due to the inhibitor effect. Another interesting observation was
made in this patient, who reached a maximum FVIII activity level
of 250 IU/dL. One could assume a highly increased TG in this case.
However, the highest observed thrombin peak height was 240 nmo-
I/L (corresponding to only 86% of normal) and thrombin potential of
3118 nmol/L/min (154% of normal) indicating that TG is a better in-
dicator of an inhibitor than FVIII activity level. As elevated FVIII ac-
tivity levels are associated with venous thromboembolism (VTE),%®
TGAs can possibly indicate which patient has an increased risk to
develop VTE when FVIII is highly elevated, especially for a longer
period of time.¥’

One patient had a PK profile determined twice with a differ-
ent product (plasma-derived and recombinant) with an excellent
reproducibility of the observed TG and PG parameters. This pa-
tient showed a normalization of thrombin potential (90%-100% of
normal) while thrombin peak height was only 50% of normal, prov-
ing the individual response of TG to FVIII supplementation.?>%¢
Most interesting in this patient is the elevation of TG after
24 hours, which occurred with both products, with an interval of
6 years. This effect can possibly be explained by cellular and/or
platelet alteration due to TG activation, for example because of
microRNA expression and influence on other pro- and anticoagu-
lation factor expression.38

In general, we observed prolonged patency of thrombin peak
height and mainly thrombin potential in contrast to FVIII activity lev-
els, thereby indicating an increased duration of TG response after
FVIII supplementation in HA patients without inhibitors. A propor-
tion of patients even kept normal values of NHA parameters despite
decreasing FVIII activity levels (13 patients had a thrombin poten-
tial of 275% of normal after 24 hours and 4 even of 2100%). These
prolonged TG effects have been observed previously by others,”?°
and this effect is thought to be highly dependent on the individual
patient.2>?® As stated before, this inter-patient variability can be ex-
plained by common genetic variations (eg, factor V Leiden) in factors
involved in the hemostatic balance. This advocates for an individual
TG profile monitoring and potential PD-driven management of HA.?

TG measurements make it possible to individualize treatment
options. The plea for individual FVIII dosing is in accordance with
the reduction in annual bleeding rate (ABR) using population-based
PK data to dose patients,®> but an ABR of zero is still not possi-
ble with this approach. Therefore, the additional use of TG of HA
patients can assess an individual patient's hemostatic balance to
reach a maximum reduction of spontaneous bleeds, based on inte-
grated PK/PD parameters. This approach has recently been tested
in a study that showed an increased frequency of spontaneous
bleeding in HA patients with reduced TG regardless of FVIII trough
levels when patients were on personalized prophylaxis with hu-
man-cl rhFVIIl (Nuwiq).” A follow-up study postulated a PK/PD
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non-linear relationship between FVIIl and ETP, thereby creating a
dosing tool for this FVIII product to even further personalize FVIII
prophylaxis.*°

Our goal is to use our PD data to develop a uniform model to
individualize FVIII replacement therapy based on PK/PD data for a
range of FVIII products. A concomitant advantage of PD analysis is
that factors influencing the hemostatic balance, such as operative
stress and inflammation, are also taken into account, and thereby
possibly reduce FVIII product need.***? A prospective study to de-
termine safety (ie, bleeding) and efficacy of such a regime would be
highly fascinating.

There are some limitations in this study. First, the inclusion pe-
riod ran for 10 years and although most patients were included
in the last years of the study, some of the samples were stored
for a longer duration of time (ie, more than 10 years). The impor-
tance of adequate preanalytical procedures in TGA is clearly illus-
trated by some outliers in the data (eg, difficulty collecting blood
from some patients). As all samples have been handled as much
as possible according to the standardized preanalytical and ana-
lytical procedures of the International Society on Thrombosis and
Haemostasis,*® we have included these samples in the analysis to
give the most accurate representation of our data. Second, despite
all efforts, not all patients included in the PK study gave informed
consent for analysis of TG and PG, therefore the PK data of these
patients were excluded in this study. Also, patients did not receive
an equal FVIII bolus, as this was determined by the treating phy-
sician. However, we found no correlation between FVIII dosage
and highest measured thrombin peak height or thrombin potential
(data not shown). Previous studies®!*'? have investigated the as-
sociation of the bleeding phenotype of HA patients with TGAs. As
this study was initiated to link PK with PD, no ABR was obtained.
With results of baseline TG characteristics, this would be highly
interesting, but we cannot determine this information retrospec-
tively. Last, the main limitation of all studies using a TGA is lack of
generalizability. To solve this problem, we have introduced nor-
malized TG values, thereby making comparisons and partnerships
between groups easier.

In conclusion, in this study we have shown clear differences in TGA
data between HA patients with equal FVIII activity levels. HA patients
show an individual TG response when a FVIII replacement bolus is
administered, indicating the importance to determine a TG profile to
prevent under- and overdosing of FVIII. As nowadays PK-driven dos-
ing of FVIII is becoming the new standard of care, we suggest adding
pharmacodynamic parameters determined by TGAs to provide the
maximum reflection of the hemostatic balance and thereby possibly

preventing spontaneous bleeds and arthropathy in HA patients.
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