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Background: Plasma-derived von Willebrand factor/factor VIII (pdVWF/FVIII; VONCENTO®, 
CSL Behring) is a high-concentration, low-volume, high-purity concentrate, with a high level of 
VWF high-molecular-weight multimers and a VWF/FVIII ratio of ~2.4:1.
Methods: This study (NCT01229007) investigated the pharmacokinetics (PK), efficacy and 
safety of pdVWF/FVIII in 35 previously treated (minimum 20 exposure days [EDs]) 
pediatric patients (<12 years) with severe hemophilia A. PK was evaluated with a single 
50 IU FVIII/kg dose of pdVWF/FVIII. Efficacy and safety analyses were performed during 
on-demand treatment (n=17) or prophylaxis (n=18) for up to 100 EDs with a maximum study 
duration of 12 months.
Results: PK profiles were similar for patients aged <6 years and those aged 6–12 years, 
and, as expected, the youngest patients had an increased clearance. On-demand patients 
reported 320 non-surgical bleeding (NSB) events and received a median number of 29.0 
infusions (median dose 34.2 IU FVIII/kg). Hemostatic efficacy was assessed by the 
investigator as excellent/good in all cases (24%/76%). The 18 patients in the prophylaxis 
arm experienced 173 NSB events (97 NSBs [56%] in three patients). Five patients (28%) 

had no NSB events. Overall, patients received a median number of 92 infusions (median 

dose 30.6 IU FVIII/kg). The majority of bleeds (92%) were successfully controlled with 

only one infusion. Hemostatic efficacy was assessed by the investigator as excellent 

(86%) or good (14%). Inhibitors occurred in three patients of which two were transient 

(low titer) and one persisted (high titer). These three patients had known risk factors for 

inhibitor development.
Conclusion: This study demonstrated comparable PK profiles for pediatric patients aged <6 
years and aged 6–12 years, and an excellent efficacy and safety profile in this population. 
The adverse events reported were mostly mild to moderate with inhibitor rates within the 
expected incidence range.
Keywords: hemophilia A, von Willebrand factor, factor VIII, on-demand therapy, 
prophylaxis, hemostatic efficacy
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Plain Language Summary
Hemophilia A is an inherited bleeding disorder where the main 
symptom is spontaneous bleeding into the joints or muscles. 
Repeated bleeding episodes can be acutely painful and lead to 
long-term damage; therefore, the aim of hemophilia treatment is 
to prevent and manage these bleeding episodes to improve qual
ity of life. One treatment option to control excessive bleeding for 
patients with hemophilia A is the use of von Willebrand factor/ 
factor VIII (VWF/FVIII) concentrates derived from human 
plasma. Our study evaluated the safety and efficacy of a 
plasma-derived (pd)VWF/FVIII in children (aged <12 years 
old) with severe hemophilia A who had previously received 
hemophilia treatment with a FVIII product for a minimum of 
20 exposure days. Treatment was either on-demand, to treat 
bleeding episodes as they arose, or prophylactic at regular inter
vals, with the aim of preventing bleeding. We also compared how 
children in different age groups (<6 versus 6–12 years old) 
responded to a one-off dose of pdVWF/FVIII. Hemostatic effi
cacy was assessed as excellent or good for both on-demand (24% 
and 76%, respectively) and prophylactic (86% and 14%, respec
tively) treatment with pdVWF/FVIII. Three patients developed 
inhibitors to FVIII, of which two were transient and one per
sisted; no other safety findings of concern were noted. These 
findings support those seen in adult/adolescent patients with 
severe hemophilia A. Comparable pharmacokinetic profiles 
were observed between the two age groups studied. Overall, 
these results demonstrate a favorable benefit-risk profile for 
pdVWF/FVIII, and support its use to treat bleeding events in 
children with hemophilia A.

Introduction
Hemophilia A is an X-chromosome-linked, congenital bleed
ing disorder, which is caused by decreased activity of factor 
VIII (FVIII) in plasma (FVIII:C) due to mutations in the 
FVIII gene. The incidence is estimated to be 1 in 5000 live 
male births.1,2 Severe hemophilia A is characterized by a 
FVIII:C plasma level less than 1% of normal levels.3 

Intracranial, muscle and joint bleeding can occur in these 
patients, even with the minimal activities of daily life. 
Treatment for hemophilia is aimed at preventing and mana
ging bleeding episodes and their subsequent complications. 
Prophylaxis with factor replacement therapy has been shown 
in many studies to prevent or at least reduce the progression 
of damage to target sites, such as joints.4,5 A systematic 
review and meta-analysis of six randomized controlled trials 
demonstrated that prophylaxis started early in childhood 
preserves joint function as compared with on-demand treat
ment, due to a reduction in total bleeds and bleeding into 
joints, resulting in improved quality of life.6

A number of virus-depleted/inactivated plasma-derived 
FVIII and recombinant FVIII containing replacement pro
ducts are currently available.2,7–9 FVIII inhibitor develop
ment is the most significant treatment complication of these 
products seen in these patients.9 The development of inhibi
tors in patients with hemophilia A is correlated with a variety 
of endogenous and exogenous risk factors.10,11 The advan
tages and disadvantages of plasma-derived versus recombi
nant FVIII products are still an area of controversy, 
especially since the von Willebrand factor (VWF) present 
in different concentrations in some of the plasma-derived 
products might reduce inhibitor development.11–19

Plasma-derived VWF/FVIII concentrate (pdVWF/ 
FVIII; Voncento®, CSL Behring, Germany) is a high-con
centration, low-volume, high-purity VWF/FVIII concen
trate which contains a large proportion of high-molecular- 
weight VWF multimers and a VWF:FVIII ratio of ~2.4:1.20 

The efficacy and safety of pdVWF/FVIII has been pre
viously demonstrated in adults with hemophilia A.20 In 
this study, the efficacy, safety and pharmacokinetics (PK) 
of pdVWF/FVIII were investigated in pediatric patients 
aged 0 to <12 years with severe hemophilia A (FVIII:C 
<1%) who had received limited previous FVIII treatment 
for a minimum of 20 exposure days (EDs).

Materials and Methods
Study Design
The SWIFTLY-HA study (NCT01229007) was conducted in 
eight centers in Ukraine (n=2), Belarus (n=2), Guatemala, 
Mexico, Georgia and Lebanon between August 2010 to July 
2014. This study was carried out in accordance with the 
International Conference on Harmonization Good Clinical 
Practice guidelines, the Declaration of Helsinki (2008), and 
standard operating procedures for clinical research and devel
opment at CSL Behring. Ethics approval, individual written 
informed consent from patient’s legal guardian (as all patients 
were <12 years of age), and approval by the Independent 
Ethics Committee/Institutional Review Board of the participat
ing centers (Ethics Committee of the State Institution 
“Republican Scientific and Practical Center of Pediatric 
Oncology and Hematology” and Ethics Committee of State 
Institution “Republican Scientific and Practical Center of 
Radiation Medicine and Human Ecology”, Belarus; Joint 
Stock Company the Institute of Haematology and 
Transfusiology, Georgia; Hospital Roosevelt Independent 
Ethics Committee, Guatemala; University of Saint-Joseph 
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Beirut Ethics Committee, Lebanon; OCA Hospital Monterrey 
International Research Center Ethics & Research Committee, 
Mexico; Ministry of Health of Ukraine Central Ethics 
Commission, Ukraine) were obtained prior to enrollment.

Male patients were eligible for enrollment if they 
were <12 years of age with severe hemophilia A 
(FVIII:C <1%) and had received previous FVIII treat
ment for a minimum of 20 EDs. Patients with evidence of 
vaccination against hepatitis A and B or presence of 
antibodies against hepatitis A and B were included and 
provided signed informed consent (children <1 year of 
age could have been included without evidence of vacci
nation against hepatitis A); patients with no evidence of 
previous vaccination and/or no protective antibody titer 
against hepatitis A and B were vaccinated at screening. 
Patients were excluded from study participation if they 
received infusion of any FVIII product, cryoprecipitate, 
whole blood, plasma, or desmopressin acetate in the 4 
days prior to Day 1, or presented with a known history of 
FVIII inhibitors, or with a FVIII inhibitor level >0.6 
Bethesda Units (BU)/mL at screening; the intake of 
aspirin or other non-steroidal anti-inflammatory drugs 

within 7 days of study drug administration also resulted 
in exclusion from study participation.

The efficacy and safety of pdVWF/FVIII was assessed in 
an open-label study comprising an on-demand and a prophy
lactic treatment arm. The on-demand regimen consisted of 
either immediate (irregular) treatment with pdVWF/FVIII of 
a non-surgical spontaneous or traumatic bleeding event, or a 
preventive (irregular) treatment with pdVWF/FVIII to prevent 
an anticipated bleeding event (eg, before expected physical 
activity that was associated with an increased bleeding risk). In 
the prophylaxis regimen, patients were given regular treatment 
with pdVWF/FVIII every 2–3 days. In addition, pdVWF/ 
FVIII was given to prevent and treat any surgical bleeding 
events. The general dosing recommendation for the treatment 
or prophylaxis of spontaneous or trauma-induced hemorrhages 
and for surgeries is shown in Table 1. Assignment to the 
prophylaxis or on-demand arm of the study, as well as each 
patient’s treatment regimen and individual dose was deter
mined by the investigator, based on the reason for use.

This study consisted of three periods (Figure 1): i) a screen
ing period of up to 35 days; ii) a PK component of up to 3 days 
consisting of a single dose of pdVWF/FVIII on Day 1 with PK 

Table 1 Guidelines for Dosage During the Efficacy Component77

Degree of Hemorrhage/ 
Type of Surgical 
Procedurea

FVIII Level 
Required (%)

Dose 
(IU/kg 
b.w.)

Frequency of 
Dosing (Per 

Day)

Duration of Treatment (Days)

Hemorrhage

Early hemarthrosis, muscle   

bleeding, or oral bleeding

20–40 10–20 Repeat every 

12–24 h

At least 1 day, until the bleeding episode, as indicated by pain, 

was resolved or healing was achieved

More extensive   

hemarthrosis, muscle   
bleeding, or hematoma

30–60 15–30 Repeat infusion 

every 12–24 h

For 3–4 days or more until pain and acute disability were 

resolved

Life-threatening   
hemorrhages

60–100 30–50 Repeat infusion 
every 8–24 h

Until threat was resolved

Surgery

Minor, including tooth   

extraction

30–60 15–30 Every 24 h At least 1 day, until healing was achieved

Major 80–100 (pre- 

and post- 
operative)

40–50 Repeat infusion 

every 8–24 h

Until adequate wound healing, then therapy for at least 

another 7 days to maintain a FVIII activity of 30–60% (IU/dL)

Prophylaxisb – 20–40 At intervals of 2–3 days

Notes: aGuidelines were based on the Draft Guideline on Core SPC for Human Plasma Derived and Recombinant Coagulation Factor VIII Products (CPMP/BPWG/1619/ 
1999). bIn some cases, especially in younger patients, shorter dosage intervals or higher doses may have been necessary. 
Abbreviations: b.w., body weight; FVIII, factor VIII; IU, international unit.
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samples collected on Days 1, 2, and 3; iii) an efficacy and 
safety component of 6 to 12 months (on-demand/preventive 
therapy or as regular prophylaxis) corresponding to approxi
mately 50 and 100 EDs to pdVWF/FVIII.

The primary objectives were to assess the hemostatic 
efficacy of pdVWF/FVIII in its usage over ≥50 EDs, and 
to investigate the pharmacokinetic profile of pdVWF/ 
FVIII. The secondary objective was to assess the safety 
of pdVWF/FVIII in this patient population.

Pharmacokinetics
The actual PK dose was calculated using the volume of each 
administered batch multiplied by the assigned potency of the 
specific batch, as determined at the batch release testing. PK 
parameters for FVIII:C were calculated by a non-compart
mental infusion model from plasma concentration values 
collected after an initial single bolus intravenous infusion 
(administered at a maximum infusion speed of 6 mL/min) 
of 50 IU FVIII/kg body weight on Day 1. PK samples were 
drawn prior to the first dose of pdVWF/FVIII and then at 0.5, 
4, 8, 24, and 48 h after the end of the first dose according to 
the European Medicines Agency guideline for FVIII 
products.21 Chromogenic FVIII:C assay was performed in a 
central laboratory (Medilys Laborgesellschaft – Asklepios 
Institut, Hamburg, Germany).

Efficacy Assessments
The clinical efficacy parameters assessed in the study were 
hemostasis assessment (for each non-surgical bleeding [NSB] 
event and surgical event by the investigator and patient/ 

caregiver who filled in a home therapy diary), study product 
usage, blood product transfusion requirements, and surgeon’s 
assessment of blood loss during a surgical procedure (“less”, 
“equivalent”, or “more” compared with the expected blood 
loss from a patient without a bleeding disorder undergoing the 
same procedure). Clinical assessments of hemostatic efficacy 
were based on a four-point grading scale: “excellent” if hemos
tasis was achieved/cessation of bleeding occurred; “good” if 
slight oozing or partial but adequate control of bleeding 
occurred and no additional product was required for unplanned 
treatment; “moderate” if moderate bleeding or moderate con
trol of bleeding occurred and additional product was required 
for unplanned treatment; “none” in cases of severe uncon
trolled bleeding. The severity of NSB events was assessed as 
major or minor by the investigator, according to guidance 
provided. If the patient was unable to self-administer or 
required more than two doses of pdVWF/FVIII to control an 
NSB event, they were to be treated at the study center and the 
investigator conducted daily hemostatic efficacy assessments. 
The patient visited the study site every 3 months and the 
investigator made a retrospective assessment of the patient’s 
response to pdVWF/FVIII for each NSB event as documented 
in the home diary; ratings were based on the four-point efficacy 
grading scale described above. For each surgical procedure, the 
investigator was required to provide a daily assessment of 
patient response to pdVWF/FVIII during the inpatient period, 
with an overall investigator assessment performed at patient 
discharge, using the four-point efficacy grading scale. For 
prophylactic treatment, the annualized spontaneous bleeding 
rate (AsBR) was calculated.

Figure 1 Study design. 
Notes: aDue to site closure (n=2) and non-compliance with prophylaxis regimen (n=1). bDue to FVIII inhibitor development (n=2) and withdrew their consent (n=2). 
Abbreviations: N, total number of patients; PK, pharmacokinetics.
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Safety
All patients who received at least one dose of pdVWF/ 
FVIII were included in the safety analysis. Safety assess
ments included the reporting of adverse drug reactions 
(an adverse event at least possibly related to pdVWF/ 
FVIII), serious adverse events (SAEs, an adverse event 
that is life-threatening, requires/prolongs hospitalization, 
results in persistent/significant disability/incapacity, is a 
congenital anomaly/birth defect, or is considered medi
cally significant), the presence of FVIII inhibitors, 
laboratory parameters (such as biochemistry, hematology, 
and urinalysis), and a physical examination and vital 
signs assessment. The extent of exposure to the study 
drug included administrations of pdVWF/FVIII during 
the PK and efficacy analyses. All medications taken 30 
days prior to screening and during the entire study dura
tion were recorded.

FVIII:C, the presence of FVIII inhibitors, and the 
investigation of seroconversion for virus markers (indica
tive of hepatitis A, B, and C virus infection) were 
assessed/conducted in a central laboratory (Medilys 
Laborgesellschaft – Asklepios Institut, Hamburg, 
Germany). Presence of FVIII inhibitors was analyzed 
using the Bethesda method (Nijmegen modification). 
Virology reference samples were collected at Day 1 and 
at the final visit, but were not analyzed unless deemed 
necessary.

Statistical Analyses
Descriptive statistics were used to summarize continuous 
variables (mean and standard deviation, and/or median and 
range). Categorical variables are presented as numbers and 
percentages in frequency tables. Summaries are based on 
observed data (missing data were not replaced). Formal 
statistical tests were not performed. Descriptive statistics 
for PK parameters were additionally stratified by age 
group (<6 years, 6 to <12 years).

Results
Patients
A total of 35 patients were enrolled, 18 patients were 
treated in the prophylaxis arm and 17 patients were treated 
in the on-demand arm (Figure 1). Patients participated in 
the study for a median (range) of 300 (1–388) days. A total 
of 28 patients completed the study (15 in the prophylaxis 
arm and 13 in the on-demand arm). In the prophylaxis 
arm, two patients who had developed a low titer FVIII 
inhibitor were withdrawn due to site closure and one 
patient who was non-compliant to treatment was with
drawn. In the on-demand arm, one patient was withdrawn 
due to a pre-existing FVIII inhibitor, one patient because 
he developed a high titer FVIII inhibitor and two patients 
withdrew their consent.

Baseline patient characteristics are shown in Table 2. 
In the on-demand arm, 11 patients (65%) had less than 50 

Table 2 Patient Characteristics

Variables Prophylaxis N=18 On-Demand N=17 Total N=35

Age [years]

Mean (SD) 7.3 (2.68) 4.9 (3.43) 6.1 (3.26)

Median (range) 7.5 (2–11) 4.0 (0–11) 6.0 (0–11)
0 to <6 years, n (%) 4 (22.2) 12 (70.6) 16 (45.7)

6 to <12 years, n (%) 14 (77.8) 5 (29.4) 19 (54.3)

Ethnic origin, n (%)

Caucasian 15 (83.3) 17 (100) 32 (91.4)

Hispanic 3 (16.7) 0 3 (8.6)

Weight [kg]

Mean (SD) 29.1 (13.7) 22.6 (11.4) 26.0 (12.9)
Median (range) 25.5 (14.0–66.5) 18.5 (8.5–50.0) 23.0 (8.5–66.5)

Prior treatment regimen, n (%)
Prophylaxis 7 (39) 0 7 (20)

On-demand 7 (39) 17 (100) 24 (69)

Not reported 4 (22) 0 4 (11)

Abbreviations: n, number of patients or events with characteristic; N, total number of patients; SD, standard deviation.
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EDs to previous FVIII treatment. In the prophylaxis arm, 2 
patients (11%) had less than 50 EDs. The proportion of 
patients aged <6 years was lower in the prophylaxis arm 
(22.2%) than in the on-demand arm (70.6%), resulting in a 
higher mean age in the prophylaxis arm (7.3 years) than in 
the on-demand arm (4.9 years).

Pharmacokinetics
The PK population comprised 31 patients, excluding four 
patients who had received a lower dose than planned 
(n=2), no PK concentrations were available (n=1) or the 
patient was excluded due to a pre-existing FVIII inhibitor 
(n=1). Concentration-time curves showed similar profiles 
for the overall PK population and the two age groups 
(Figure 2). In the overall PK population, FVIII:C PK 
parameters were raised immediately following pdVWF/ 
FVIII infusion, reaching a median Cmax of 0.76 IU/mL at 
the first sampling point 30 min post-dose, and then 
declined over time with a median t1/2 of 9.78 h 
(Table 3). Median IR was 0.016 (IU/mL)/(IU/kg), median 
CL was 5.44 mL/h/kg, and median Vss was 73.7 mL/kg. 
Median values for PK parameters were slightly higher in 
the 6 to <12 years age group compared to the 0 to <6 years 
age group (with the exception of CL and Vss, Table 3).

Hemostatic Efficacy
On-demand arm: The 17 patients who were treated on-demand 
reported 320 NSB events and received a median number of 
29.0 infusions (median dose of 34.2 IU FVIII/kg [range: 22.7– 

49.7 IU/kg]). Two of the NSB events did not require treatment, 
and are not included in the efficacy evaluation. A total of 75 
(23.4%) NSB events required >1 infusion of pdVWF/FVIII, 
up to a maximum of seven infusions; all remaining NSB 
events were treated with 1 infusion. Hemostatic efficacy was 
assessed by the investigator for all 318 events that were treated 
with pdVWF/FVIII (Table 4). The hemostatic efficacy was 
reported by the investigator as either excellent (77 events 
[24.2%]) or good (241 [75.8%]) in all cases. A similar dis
tribution of hemostatic efficacy outcomes was also seen within 
bleeding event categories for type, severity, or location, with 
the exception of the 98 major bleeding events, where the 
hemostatic efficacy of a relatively higher proportion of events 
was assessed as good (95.9%). There were no relevant differ
ences in the evaluation of hemostatic efficacy between patients 
aged <6 years and 6–<12 years.

Prophylaxis arm: The 18 patients on prophylaxis treatment 
received a median number of 92 infusions at a median average 
dose of 30.6 IU FVIII/kg per infusion (range: 21.1–58.7 IU/ 
kg). The patients experienced 173 NSB events; fewer than 1 
out of 3 events (31%) were spontaneous bleedings. More than 
half of these spontaneous NSB events (56%) were reported by 
three patients (see Table 5). The first of these patients was 9 
years old, and experienced an AsBR of 24.91. Prior to study 
enrollment, this patient was receiving prophylaxis and had 
reported hemarthrosis of the right elbow, left and right ankle, 
left-hand finger, and both wrists. Additionally, during the 
study the patient was incompliant with his prophylaxis sche
dule. The second patient (10 years old) had an AsBR of 9.36, 

Figure 2 Mean (SD) concentration profiles (IU/mL) of FVIII:C by age group and overall. 
Notes: Solid line with circles: overall population; black dashed line with squares: 0 to <6 years; black dashed line with circles: 6 to <12 years; red dashed line: lower limit of 
quantitation (0.008 IU/mL). 
Abbreviations: FVIII:C, factor VIII: coagulant activity; IU, international unit; PK, pharmacokinetics; SD, standard deviation.
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and prior to this study had received prophylaxis and reported 
hemarthrosis of both knees and both ankles. The third of these 
patients was 11 years old with an AsBR of 8.05; prior to his 
enrollment in this study, the patient had received on-demand 
treatment and reported hemarthrosis of the right knee, both 
elbows, both ankles, and the right hip. Seven of the 18 patients 
(39%) switched to prophylaxis treatment with pdVWF/FVIII 
from prophylaxis with a prior treatment. One NSB event 

(0.6%), a minor trauma-induced oral bleed, did not require 
treatment and this event was not assessed for efficacy. The 
majority of all NSB events (159 events, 91.9%) required only 
one infusion for hemostatic control, the remainder required 2 
infusions (13 events, 7.5%). Hemostatic efficacy was assessed 
by the investigator as excellent (86%) or as good (14%) 
(Table 4). The AsBR for patients who completed the study 
and the frequency of prophylaxis dosing per patient is shown 

Table 3 PK Parameters of FVIII:C in Patients <6 (N=15) and 6–12 Years of Age (N=16)

<6 Years 6–12 Years Overall

Parameter N Median Range N Median Range N Median Range

Dose administered (IU/kg) 15 50.1 47.5–54.5 16 50.0 47.5–54.5 31 50.0 47.5–54.5

Incremental recovery (IU/mL)/(IU/kg) 15 0.015 0.009–0.019 16 0.016 0.010–0.026 31 0.016 0.009–0.026

Half-life (h) 15 9.62 7.75–18.20 16 10.00 8.89–12.50 31 9.78 7.75–18.20

AUC0–48 (h*IU/mL) 15 8.23 3.96–11.04 16 9.90 6.17–17.62 31 8.80 3.96–17.62

Cmax (IU/mL) 15 0.75 0.46–0.94 16 0.84 0.51–1.21 31 0.76 0.46–1.21

Total clearance (mL/(h*kg) 15 6.22 4.22–11.34 16 4.88 2.54–7.74 31 5.44 2.54–11.34

Vss (mL/kg) 15 75.3 63.8–197.2 16 71.9 42.1–109.3 31 73.7 42.1–197.2

Abbreviations: AUC, area under the curve; Cmax, maximum plasma concentration; Cmin, minimum plasma concentration; FVIII:C, factor VIII: coagulant activity; IU, 
international unit; MRT, mean residence time; N, number of patients; tmax, time to maximum concentration; Vss, volume of distribution at steady state.

Table 4 Investigator’s Assessment of Hemostatic Efficacy per Bleeding Event in the On-Demand and Prophylaxis Arms

On-Demand Arm Prophylaxis Arm

Number (%) of NSB Events Number (%) of NSB Events

Bleeding 
Type

Number of 
NSB 

Events

Excellent Good Moderate None Number of 
NSB 

Events

Excellent Good Moderate None

All NSB 
events

318 77 (24.2) 241 (75.8) 0 0 172 148 (86.0) 23 (13.4) 1 (0.6) 0

Spontaneous 123 26 (21.1) 97 (78.9) 0 0 54 42 (77.8) 11 (20.4) 1 (1.9) 0

Trauma 194 51 (26.3) 143 (73.7) 0 0 118 106 (89.8) 12 (10.2) 0 0

Post-surgery 1 0 1 (100.0) 0 0 0 0 0 0 0

Major 98 4 (4.1) 94 (95.9) 0 0 85 70 (82.4) 15 (17.6) 0 0

Minor 220 73 (33.2) 147 (66.8) 0 0 87 78 (89.7) 8 (9.2) 1 (1.1) 0

Joint 176 31 (17.6) 145 (82.4) 0 0 143 122 (85.3) 20 (14.0) 1 (0.7) 0

Mucosal 73 24 (32.9) 49 (67.1) 0 0 13 12 (92.3) 1 (7.7) 0 0

Muscle 67 21 (31.3) 46 (68.7) 0 0 14 12 (85.7) 2 (14.3) 0 0

Other 2 1 (50.0) 1 (50.0) 0 0 2 2 (100.0) 0 0 0

Notes: Percentages were based on the number of bleeding events of the considered type with available investigator’s assessment. Bleeding events for which no treatment 
was needed (on-demand arm, n=2; prophylaxis arm, n=1) were not considered for this table. 
Abbreviations: N, number of patients; NSB, non-surgical bleeding.
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Table 5 Annualized Spontaneous Bleeding Rate and Prophylaxis Schedule (Number of Doses per Week per Individual Patient Who 
Completed the Study)

Study Month 1 2 3 4 5 6 7 8 9 10 11 12 AsBR

Age (Years)

2 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 3.7 3.3 2.8 3.0 2.8 3.0

3 Spontaneous NSB 0 0 0 0 1 1 2 0 0 0 0 4.35

Prophylaxis/week 1.9 1.4 1.9 2.3 1.6 1.2 1.6 1.9 1.4 2.6 1.4

4 Spontaneous NSB 1 0 0 0 0 0 0 0 0 1 2.32

Prophylaxis/week 1.2 2.3 1.6 2.3 2.3 2.8 1.6 2.3 1.6 2.6

5 Spontaneous NSB 0 1 0 1 0 1 0 0 1 0 0 4.24

Prophylaxis/week 1.2 1.6 1.6 2.1 2.1 1.6 1.9 0.9 1.9 1.4 1.2

6 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 3.3 3.0 2.6 2.6 3.3 4.2

7 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 2.1 2.6 2.3 2.6 2.3 2.8

7 Spontaneous NSB 0 0 0 0 0 0 0 0 0.00

Prophylaxis/week 2.8 3.3 3.3 3.0 2.3 1.9 3.3 0.2

8 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 3.7 3.3 3.5 3.7 3.5 4.0

8 Spontaneous NSB 0 0 0 0 0 0 0 1 1 2.64

Prophylaxis/week 2.3 3.3 4.4 1.9 1.9 5.1 2.3 2.8 1.2

9 Spontaneous NSB 2 1 0 0 1 1 4 0 3 5 2 7 24.91*

Prophylaxis/week 0.9 0.7 2.3 3.0 0.2 0.9 1.4 1.2 0.0 0.2 0.2 0.2

10 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 2.1 2.6 2.3 2.6 1.9 2.3

10 Spontaneous NSB 2 1 3 0 0 0 0 9.36*

Prophylaxis/week 3.0 2.8 2.1 3.0 3.0 2.6 3.3

10 Spontaneous NSB 0 0 0 0 0 0 0 0.00

Prophylaxis/week 3.3 3.3 3.0 3.5 2.6 2.1 0.9

10 Spontaneous NSB 0 0 0 0 0 0 0 0 1 0 0 1.15

Prophylaxis/week 1.9 1.6 1.6 1.6 1.9 2.3 0.9 2.1 2.3 2.6 0.5

11 Spontaneous NSB 0 2 3 0 0 0 1 0 0 8.05*

Prophylaxis/week 3.0 1.9 2.8 2.3 2.1 1.9 3.3 1.9 1.9

Notes: Spontaneous NSB events are highlighted in grey; *More than half of the reported NSB events (56%) were reported by these three patients. 
Abbreviations: AsBR, annualized spontaneous bleeding rate; NSB, non-surgical bleeding.

https://doi.org/10.2147/JBM.S299130                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 490

Djambas Khayat et al                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


in Table 5. Seven patients (47%) had no spontaneous NSB 
events.

Surgical events: During the study, five patients under
went a total of five surgeries: two major (synovectomy of 
the right knee and elongation of the Achilles tendon) and 
three minor (one dental surgery and two tooth extractions). 
At discharge, the investigator assessed the hemostatic effi
cacy for two of the minor surgical events as excellent and 
for the remaining major and minor surgical events as good. 
Blood loss during surgery was assessed as less (two surgi
cal events) or as comparable (three surgical events) to the 
expected blood loss from a patient without a bleeding 
disorder undergoing the same procedure in all surgical 
events. No patient required blood product transfusions.

Safety
The median (range) number of EDs for patients in the 
prophylaxis arm was 91.5 (15–117), with 2 patients having 
<50 EDs and 16 patients having ≥50 EDs. For the on- 
demand arm, the median (range) was 29.0 (1–89) days, 
with 12 patients having <50 EDs and 5 having ≥50 EDs.

Overall, pdVWF/FVIII was well tolerated. During this 
study, 12 patients (66.7%) on prophylaxis treatment reported 
64 treatment-emergent adverse events (TEAEs), and 11 
patients (64.7%) in the on-demand treatment arm reported 
33 TEAEs. The most frequently reported TEAEs overall 
were cough (eight patients), pyrexia (six patients), and rhinitis, 
FVIII inhibition, and rash (four patients each). Four patients 
had an adverse drug reaction (three cases of FVIII inhibition 
and one case of rash). Five patients experienced one SAE each 
(four cases of FVIII inhibition [one of which was pre-existing 
and so not considered related to pdVWF/FVIII] and one tibia 
fracture). There were no clinically relevant differences in the 
TEAE reporting profile between patients aged <6 years and 
those aged 6–<12 years.

One patient (<1 year old) had a pre-existing FVIII inhibitor 
detected in the pre-treatment PK blood sample (30.4 BU/mL), 
which the investigator considered related to prior FVIII (treat
ment given for a total of 20 EDs), and was withdrawn from the 
study. Two patients from the prophylaxis arm developed a low 
titer, transient inhibitor. The first patient (6 years old) devel
oped a low titer FVIII inhibitor of 1.9 BU/mL in the third 
month of treatment following 18 EDs with pdVWF/FVIII. At 
the time of inhibitor development, the patient had a total of 38 
EDs to FVIII (20 EDs with a prior FVIII product and 18 EDs 
with pdVWF/FVIII), and experienced an additional 7 EDs 
with pdVWF/FVIII before the inhibitor was confirmed and 
the patient withdrew from prophylaxis treatment. The inhibitor 

was confirmed at month 4 (1.7 BU/mL), but had decreased to 
normal values (<0.6 BU/mL) at months 6 and 10. DNA 
analysis identified a mutation in exon 25 of the FVIII gene. 
The low number of EDs represented a risk factor for inhibitor 
development; no other risk factors were identified. The second 
patient (10 years old) developed a low titer FVIII inhibitor of 
2.1 BU/mL in month 1, following a total of 30 EDs to FVIII 
(22 EDs with a prior FVIII and 8 EDs with pdVWF/FVIII). 
The patient experienced a further 7 EDs with pdVWF/FVIII 
prior to confirmation of the inhibitor and withdrawal from 
prophylaxis treatment. The patient’s low titer inhibitor per
sisted to month 8, with titers of 1.9–2.8 BU/mL. Risk factors 
for inhibitor development in this patient included an intron 22 
inversion in the FVIII gene, a mutation associated with a 
higher risk of inhibitor development, and the low number of 
EDs to FVIII products; no other risk factors were identified. 
Three bleeding events occurred during the time period 
between inhibitor testing and withdrawal from prophylaxis 
treatment in these two patients. The hemostatic efficacy of 
pdVWF/FVIII for these bleeds was also excellent despite the 
presence of the inhibitor. Both inhibitors were transient and the 
titer decreased to normal levels again (<0.6 BU/mL). One 
patient (4 years old) from the on-demand arm developed a 
high titer FVIII inhibitor (461 BU/mL) during the treatment 
phase after 8 EDs. The high titer inhibitor was confirmed on 
two subsequent occasions (2048 BU/mL, 1556 BU/mL), and 
the patient was withdrawn from the study. The patient was 
found to have an intron 22 inversion in the FVIII gene, with no 
other identified risk factors for inhibitor development. Prior to 
the study, the patient had been treated with a prior FVIII 
product for a total of 48 EDs, but had not developed inhibitors. 
The Independent Data Monitoring Committee concluded that 
the development of inhibitors did not constitute a safety con
cern for the product, as the development of an inhibitor is an 
adverse event associated with FVIII replacement and this 
incidence was in concordance with information from the 
scientific literature. No other safety findings of concern were 
observed. None of the patients experienced a thromboembolic 
event or anaphylactic reaction, and there were no events of 
suspected transmission of infectious agents.

Discussion
This PK, efficacy, and safety study was designed to inves
tigate the use of pdVWF/FVIII for the prevention and 
treatment of bleeding events in FVIII pre-treated pediatric 
patients (0 to 12 years of age) with severe hemophilia A. 
pdVWF/FVIII is a plasma-derived, high-concentration, 
low-volume, high-purity concentrate which contains 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S299130                                                                                                                                                                                                                       

DovePress                                                                                                                         
491

Dovepress                                                                                                                                               Djambas Khayat et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


VWF:FVIII in a ratio ~2.4:1.20 It was anticipated that in 
children pdVWF/FVIII would have a similar PK, efficacy 
and safety profile to that in the adult population.

The PK evaluation demonstrated comparable PK pro
files for the children aged <6 years and aged 6 to 12 years. 
Differences were noted between the PK results from our 
pediatric study and those in the study of adult/adolescent 
hemophilia A patients:20 IR of FVIII was lower in pedia
tric patients (0.016 [IU/mL]/[IU/kg]) than in adults/adoles
cents (0.021 [IU/mL]/[IU/kg]), t1/2 was shorter (9.78 vs 
13.4 h) and CL was higher (5.44 vs 3.92 mL/h/kg). It has 
been confirmed that weight-normalized CL of FVIII 
decreases during growth and continues to decline slightly 
during adulthood. Elimination t1/2, which is inversely 
related to CL, thus follows an opposite trend.22,23 The 
differences in t1/2 between our pediatric study and the 
adult/adolescent study may have an effect on the dose of 
FVIII required to maintain a desired trough level during 
prophylaxis and indicates that the dose of FVIII per kilo
gram body weight required for adequate prophylaxis prob
ably changes throughout a subject’s life. The variance in 
t1/2, however, suggests that if the FVIII dose for prophy
laxis is to be based on t1/2, then t1/2 should be measured in 
each patient, rather than be based on the patient’s age. 
Interestingly, a recent study in pediatric patients with 
hemophilia A reported that genetic determinants of VWF 
clearance and FVIII binding can modify FVIII PK, further 
supporting an individualized approach to dosing.24

This study, as well as the adult/adolescent study, showed 
that, despite slight age-related differences in the observed PK 
parameters, efficacy results were very similar across all age 
groups. The hemostatic efficacy of pdVWF/FVIII was 
assessed by the investigator as excellent or good for all NSB 
and surgical events without any relevant differences between 
patients aged <6 or 6 to 12 years. These hemostatic efficacy 
results are also in line with those seen in adult/adolescent 
previously treated patients (PTPs) with hemophilia A treated 
with the same pdVWF/FVIII in whom the investigator 
assessed the efficacy as either excellent or good in at least 
96% of the bleeding events.20 Comparable hemostatic efficacy 
(excellent or good in 96.7% of bleeding events) was also 
reported by investigators in a study of adult/adolescent PTPs 
with severe hemophilia A who were treated with a lower 
concentration plasma-derived VWF/FVIII (1:1) concentrate 
(Wilate®, Octapharma, Switzerland).25

Prophylaxis is considered the optimal treatment strategy 
for pediatric patients with severe hemophilia to prevent 
bleeding.26,27 A prophylactic regimen must account for each 

patient’s unique bleeding pattern, PK profile, adherence to 
treatment and level of physical activity. In this study, 18 
patients experienced 173 NSB events when they were on a 
prophylaxis regimen; 97 NSB events (56%) were reported by 
three patients who had a high AsBR. Of these, one patient was 
non-compliant with his prophylaxis regimen and the other two 
patients already had hemarthrosis at enrollment and experi
enced their bleeds during the first 3 months of the study. Seven 
patients switched to prophylaxis with pdVWF/FVIII from a 
prior product. These data clearly demonstrate the benefit of 
secondary prophylaxis, although the demanding medical regi
men can lead to imperfect compliance.

Safety results in this study were reflective of the pediatric 
population, with cough and pyrexia being the most fre
quently reported TEAEs. Two patients in the prophylaxis 
arm developed a transient low titer FVIII inhibitor and one 
patient in the on-demand arm developed a high titer inhibitor 
during the study; additionally, another patient in the on- 
demand arm was diagnosed with a pre-existing inhibitor. 
Both inhibitor patients in the on-demand arm withdrew 
from the study, no other TEAEs led to withdrawal from the 
study and no deaths occurred during the study. With the 
exception of the development of inhibitors in three patients, 
safety results were comparable with those seen in adult/ 
adolescent PTPs with hemophilia A;20 comparable safety 
results were also reported in adult/adolescent PTPs with 
severe hemophilia A who were treated with a lower concen
tration plasma-derived VWF:FVIII (1:1).25

Despite knowledge of several well-established risk fac
tors for inhibitor development, why some patients develop an 
inhibitor and others do not remains unclear. In previously 
untreated patients with severe hemophilia A, the first 50 EDs 
are when patients are at highest risk of inhibitor 
development.28 The three patients who developed inhibitors 
during our study only had limited exposure to FVIII products 
prior to the study (20, 22, and 48 EDs, respectively). 
Mutations such as null mutations, large deletions, nonsense 
mutations, and intron 22 inversions are also associated with a 
high prevalence of inhibitors.29 This was evidenced in our 
study as the two patients who developed a low titer inhibitor 
during prophylaxis treatment with pdVWF/FVIII had a muta
tion in exon 25 and an intron 22 inversion of the FVIII gene, 
respectively, while the patient who developed a high titer 
inhibitor during on-demand treatment with pdVWF/FVIII 
had an intron 22 inversion of the FVIII gene. Although 
genetics play a role, the discordance in inhibitor development 
between monozygotic twins observed in an international 
study of brothers with hemophilia A demonstrates that other 
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treatment-related variables may also play a role in inhibitor 
development.30 Age at first infusion (<6 months vs >12 
months) and prophylaxis versus no prophylaxis have also 
been identified as potential risk factors, with a higher rate of 
inhibitor development in those who receive their first FVIII 
infusion before 6 months of age31 and a reduced risk of 
inhibitor development in those who receive regular 
prophylaxis.32 However, later analyses have offered conflict
ing results, with some studies showing no effects on inhibitor 
development linked to these factors, and so it is not clear 
whether or not first infusion at an early age or regular pro
phylaxis offer a protective effect.33 In our study, the patient 
with a pre-existing FVIII inhibitor, who developed FVIII 
inhibitors after a FVIII product taken between screening 
and start of treatment with pdVWF/FVIII, was at high risk 
because he had started his first FVIII on-demand treatment at 
a very young age (<8 months) and all four patients had less 
than 50 EDs prior to study entry. Although the published 
studies designed to associate treatment conditions with inhi
bitor development are indicative, the association between 
FVIII administration and inhibitor formation is hard to pre
dict until the genetic factors that underlie inhibitor develop
ment are better understood and can be used to properly 
stratify patients.

Limitations to our study include the low patient num
bers, the disparity in age between the patients in the 
prophylaxis versus on-demand arms and the uneven dis
tribution of patients with more or less than 50 EDs within 
these treatment arms. There are also few studies of VWF/ 
FVIII concentrates in patients with hemophilia A, particu
larly in pediatrics. Further studies to confirm our observed 
efficacy, safety and PK parameters of VWF/FVIII in 
pediatric patients with severe hemophilia A would be 
beneficial.

Conclusions
In summary, pdVWF/FVIII was observed to be efficacious 
as both on-demand and prophylaxis therapy in pediatric 
patients with hemophilia A, with the hemostatic efficacy 
assessed as either excellent or good in all cases. Two 
patients developed a transient low titer FVIII inhibitor. 
One high-risk patient developed a high titer inhibitor asso
ciated with pdVWF/FVIII treatment which is within the 
expected incidence range of minimally pre-treated pedia
tric patients. No other safety findings of concern were 
observed. The efficacy and safety profile of pdVWF/ 
FVIII was similar to that of the adult/adolescent popula
tion. These results provide evidence for use of pdVWF/ 

FVIII to treat and prevent bleeding events in pediatric 
patients with hemophilia A, supporting the favorable ben
efit-risk profile of this concentrate.
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