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Abstract We describe the results of the (to our knowledge) longest long-term noninterventional
study so far performed to obtain real-life data on the treatment of hemophilia A
patients with a single plasma-derived FVIII concentrate containing von Willebrand
factor (pdFVIII; Haemoctin/Faktor VIII SDH Intersero). A total of 198 patients (146 in
Germany and 52 in Hungary), of whom 160 had severe and 38 nonsevere hemophilia A,
representing all age groups (0–88 years; mean �25 years at inclusion) were analyzed
during prophylactic or on-demand treatment over 18 years (overall 1,418 patient-
years; mean >7 years). pdFVIII was very effective and well tolerated. The mean annual
bleeding rate, including spontaneous and traumatic bleeds, was considerably lower for
patients treated prophylactically (mean 5.4; median 3.1) than for patients treated on
demand (mean 26.1; median 21.9). Inhibitors were found in 13% (3/23) and high-titer
inhibitors in 4% (1/23) of previously untreated patients with severe hemophilia A. Four
previously treated patients with severe hemophilia A developed inhibitors, thereof
three high-titer inhibitors (3.3 and 2.5 high-titer inhibitors in 1,000 patient-years). No
unexpected adverse effect on the health of the patients, no pdFVIII-related thrombosis,
thromboembolic event, or hypersensitivity reaction, and no suspected viral transmis-
sion related to pdFVIII were documented.

Zusammenfassung Wir berichten über die Ergebnisse der unseresWissens längsten nicht-interventionellen
Langzeitstudie mit einem von-Willebrand-Faktor-haltigem humanen FVIII-Konzentrat
(pdFVIII, Haemoctin®/Faktor VIII SDH Intersero®) zur Erfassung praxisnaher Daten aus
der alltäglichen Therapie von Patienten mit einer Hämophilie A. 198 Patienten (146 in
Deutschland und 52 in Ungarn) aller Altersgruppen (0–88 Jahre; durchschnittlich �25
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Introduction

Hemophilia A is a chronic disease caused by a congenital
deficiency of coagulation factor VIII (FVIII) and requires life-
long hemostatic treatment. Long-term pharmacovigilance
data are important to prove that a treatment is safe and
efficacious in the real-life setting during long-term up to
life-long therapy. Until recently, FVIII preparations were the
only treatment option. New therapies including nonfactor
therapeutic agents and gene therapy have been, and are
becoming increasingly, available for treatment of hemophilia
A. However, at least in the near future and probably for longer,
(concomitant) therapywith FVIII concentrateswill continue to
be necessary for treatment of hemophilia A,1,2 emphasizing
the continuous need for data on FVIII replacement therapy.

Development of inhibitory antibodies against FVIII is the
most serious complication associated with the use of FVIII
concentrates; the antibodies neutralize the infused factor,
rendering patients resistant to conventional replacement
treatment.3

FVIII antibodies occur more frequently in patients with
severe hemophilia A than in those with moderate or mild
hemophilia A. The risk of inhibitor development in patients
with severe hemophilia A ranges from approximately 27 to
45%.4Notably, in patientswith severe hemophilia A, inhibitors
develop almost exclusively within the first 50 exposure
days (EDs), whereas for patients with nonsevere disease the
risk is life-long.4–7

To acquire more clinical data and to ensure consistency
between the outcomes of treatment in clinical studies and in
routine use, long-term postmarketing noninterventional
studies (NISs) are necessary.8

This prospective observational study was initiated to
collect real-life data on long-term treatment with a plas-
ma-derived FVIII concentrate (pdFVIII; Haemoctin/Faktor
VIII SDH Intersero) stabilized with von Willebrand factor
(vWF). Data were taken from clinical practice and routine
daily treatment, and the aim of the study was to investigate
the influence of the treatment on the health of hemophilia A
patients including all age groups. Safety and effectiveness

data were collected while pdFVIII was being used in the
prophylactic or on-demand setting. Analysis of interim data
with 109 patients was presented in 2012.9

Materials and Methods

Study Treatment
The pdFVIII concentrate administered in this study was man-
ufactured by Biotest Pharma GmbH (Dreieich, Germany).
pdFVIII is produced from human plasma in a manner that
complies with the relevant European Pharmacopoeia mono-
graph; it is provided as a powder along with a solvent for
dissolution for injection. The pdFVIII molecule is present in a
physiological complex with vWF, without added artificial
stabilizers. The ratio of the quantity of vWF to FVIII activity
(vWF:Ag/FVIII:C) in pdFVIII is approximately 0.4, whichmeans
a significant excess of binding sites in vWF for FVIII. The
manufacturing process of pdFVIII includes two virus inactiva-
tion stepsusing solvent/detergent (Polysorbate 80/TNBP)and a
heat treatment at 100°C. These two steps ensure highmargins
of safety for the FVIII preparation, particularly with respect to
human immunodeficiency virus and hepatitis A, B, andC virus.

Patients receiving this pdFVIII were included in this
combined NIS conducted by Biotest AG and Intersero
GmbH, respectively.

Setting
The observation period for each patient was planned to be at
least 12 months. The studies were conducted at 34 German
and 8 Hungarian hemophilia centers. Final data from the two
studies were merged; they covered nearly the same observa-
tion period (May 1998 to December 2015 and January 1998 to
January 2014). Observationplans andcase report forms (CRFs)
were highly comparable for the two studies. The studies were
approved by ethics committees, and informed consent was
obtained from the study patients from 2013 onwards.

Study Design
The studywas a prospective,multicenter, binational, long-term
NISof thesafetyandefficacyofpdFVIII inhemophiliaApatients.

Jahre alt beim Einschluss), 160 davon mit schwerer und 38 mit nicht schwerer
Hämophilie A, wurden im Rahmen ihrer prophylaktischen oder Bedarfstherapie über
18 Jahre analysiert (insgesamt 1418 Patientenjahre; durchschnittlich >7 Jahre). Der
pdFVIII erwies sich als sehr wirksam und verträglich. Die durchschnittliche jährliche
Blutungsrate (spontane und traumatische Blutungen) war deutlich geringer in Patien-
ten, die prophylaktisch (Mittelwert 5,4; Median 3,1) anstatt bei Bedarf (Mittelwert
26,1; Median 21,9) mit pdFVIII behandelt wurden. Inhibitoren wurden in 13% (3/23)
und hochtitrige in 4% (1/23) der zuvor unbehandelten Patienten mit schwerer
Hämophilie A dokumentiert. Vier der vorbehandelten Patienten mit schwerer Hämo-
philie A entwickelten Inhibitoren, 3 davon hochtitrige (3.3 Inhibitoren und 2.5 hoch-
titrige pro 1000 Patientenjahren). Während der Langzeittherapie mit pdFVIII wurde
kein unerwünschter Einfluss auf den allgemeinen Gesundheitszustand der Patienten
festgestellt. Es trat keine thromboembolische Reaktion, keine Überempfindlichkeits-
reaktion, und keine Virusübertragung im kausalen Zusammenhang mit pdFVIII auf.

Schlüsselwörter

► Hämophilie A
► plasmatischer

Faktor VIII
► FVIII Inhibitor
► nicht-

interventionelle
Studie
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Participants
Patients with severe or nonsevere hemophilia Awere includ-
edwhowere receiving treatment with pdFVIII on the basis of
the recommendations in the Summary of Product Character-
istics for pdFVIII. There were no specific exclusion criteria, to
avoid any selection.

This final analysis includes all data acquired from Janu-
ary 1998 until December 2015 (inclusive). Patients were
classified as previously treated patients (PTPs) or previously
untreated patients (PUPs). PUPs are defined as those patients
who had never been treatedwith clotting-factor concentrates.

Variables and Data Sources
Treatments with pdFVIII and visits were at the discretion of
the physician. However, patients were required to attend for
at least one annual visit at the hemophilia treatment centers.
Most of the patients had three to four routine visits per year.

Variables as described below were documented in paper
CRFs and are summarized in more detail in►Supplementary

Table 1. In addition, the doses administered of pdFVIII,
bleedings, and reasons for administration were recorded in
patient diaries.

Data Sources and Measurement
Datawere entered from the CRFs and diaries into the clinical
database at Metronomia Clinical Research GmbH (Munich,
Germany). In addition, safety data for all patients were
documented at the safety department at Biotest AG.

Assessment of Effectiveness
Effectiveness was analyzed by the annual bleeding rate
(ABR), by assessing the expected therapeutic effect and by
global assessment of effectiveness, ease of use, the patient’s
condition, and joint status as judged by the investigator and a
global hemostatic assessment by the patient. Documented
bleedings and calculations of the ABR included traumatic
and spontaneous bleedings. “Bleeding” was not predefined.
Documented days with bleedings in the patient diaries,
bleeding episodes per month, per year, per 3- to 4-year
period (1998–2002, 2003–2007, 2008–2012, and 2013–
2015), and over the whole study period, taking into account
the actual treatment, were used for analyzing the ABR.

For global assessment of effectiveness, the possible ratings
were “very good” (1), “good” (2), “moderate” (3), “poor,” (4)
and “none” (5). For global assessment of ease of use, these
were “very good” (1), “good” (2), “satisfactory” (3), “ade-
quate,” (4) and “poor” (¼ 5).

Treatment and effectiveness data obtained from patients
during immune tolerance induction (ITI) treatment were not
included in the summaries of effectiveness.

The scores from global assessments by investigators and
patients were analyzed as continuous variables. For each
patient a mean of all ratings over the whole study was first
calculated, and this was then summarized for all patients.

Safety and Tolerability Assessment
Adverse events (AEs)—including any bleedings due to sus-
pected lackof efficacyof prophylactic treatment, aggravation

of underlying or newly diagnosed diseases, and laboratory
assessments of selected clinical, biochemical, and hemato-
logical variables—were documented. They were assessed
(and, if clinically relevant, commented on) by the physician;
any deviation from normal range, clinical relevance, severity,
seriousness, and pdFVIII relationship were taken into
account. In contrast to most studies, the presence of a FVIII
inhibitor was already documented after the first positive
result (above the normal range�0.6 Bethesda units, BU,
per mL, depending on the center-specific sensitivity of the
assay) without the need for confirmatory testing.

A global assessment of tolerability was performed by both
the investigator and the patient using the possible ratings:
“very good” (1), “good” (2), “moderate,” (3) or “poor” (4). The
same scale was used by physicians to assess the subjective
conditions of the patients.

Treatment Regimen
Dosage and frequency of the pdFVIII administration were
based on the Summary of Product Characteristics. pdFVIII
was administered at the physician’s discretion. Reasons for
pdFVIII treatment were classified by the physician as “pro-
phylaxis,” “bleeding,” “follow-on treatment” (on demand), or
“surgery” (“surgery” as an option for treatment was not
available at the start of the study, but was introduced with
a CRF update in 2013); there were no study-specific defi-
nitions for the different treatment regimens, which were
analyzed as documented by the investigator.

Statistical Analysis
Descriptive statistical methodswere applied for final analysis.
Generally, categorical variables were summarized by number
of observations (N), frequency count (n), and percentage of
patients at each level of response. Continuous variables were
summarized by N, mean, standard deviation (SD), median,
minimum, and maximum values. Data were analyzed by
means of the SAS system version 9.4 (SAS Institute Inc.;
Cary, North Carolina, United States).

Results

Patients and Treatment
Starting in January 1998, a total of 199 male patients were
enrolled and 198 were analyzed until the end of 2015. One
patient was excluded from effectiveness analysis because no
treatment data were recorded. Of the remaining 198 patients,
52 were treated at Hungarian and 146 at German centers.
Thirty patients were enrolled as PUPs and 168 as PTPs. A
subgroup of 160 patients had severe hemophilia A (FVIII
residual activity�1%); 137 patients with severe hemophilia
A were enrolled as PTPs and 23 patients as PUPs (►Table 1).

During the 18-year observation period, the mean (�SD)
documentation time for all patients was 7.3�5.1 years; for
patients with severe hemophilia A it was 7.8�5.0 years.

The mean number of infusions for all patients was
665.9�580.8.

A total of 1,418patient-years (including 1,215patient-years
in patients with severe hemophilia A) were documented.
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Twenty-four patientswere followedup formore than15years,
of whom 21 were PTPs and 3 (initially) PUPs.

Demographic Data
All patients weremale and almost all were Caucasian, with 4
exceptions: 2 were black, 1 was Asian, and 1 was Arabian. At
the time of inclusion in the NIS, patients had a mean age of
25.1�18.7 years, with ages ranging from 0 to 80 years. PTPs
were aged 28. 9�17.0 years, ranging from 0 to 80 years, and
PUPs were aged 3.5�11.8 years (median 1.0 years), ranging
from 0 to 65 years (details in ►Table 1). The oldest PTP
turned 88 years old during the study.

Treatment Data
A total of 213,471,262 international units (IU) of pdFVIIIwere
administered in 130,595 treatments during the study period;
of these 70.5% were given as prophylactic treatment and
29.1% as bleeding or follow-on treatment.

On average, 31.6�15.2 IU/kg body weight (BW) were
administered per exposure. Patients received on average
8.3�5.1 treatments per month (►Table 2).

Effectiveness
The ABR was considerably lower for patients who were
treated prophylactically (mean ABR of 5.4�6.3; median
3.1; range 0.0–30.5) compared with those patients treated
on demand (mean ABR of 26.1�19.2; median 21.9; range
0.0–113.3) for the entire study period. Spontaneous and
traumatic bleedings were included in calculating the ABR.

Themean dose of prophylaxis (31.5�15.4 IU/kg BW;median
28.9 IU/kg BW; range 9.1–120.4 IU/kg BW; see►Table 2) and
the mean frequency per month (6.4�5.9; median 5.7; range
0.0–30.0; n¼156) of prophylactic treatments varied sub-
stantially between the patients. Overall, considering all
patients, the ABR decreased over time, from a median ABR
of 20.7 (mean 23.7�23.6; n¼90) in the period 1998 to 2002
to 5.2 (mean 13.2�18.8; n¼123) in the period 2008 to 2012
and finally to 2.6 (mean 7.2�10.4; n¼70) in the period 2013
to 2015. In parallel, the proportion of patients receiving
prophylactic treatment increased during the long-term
treatment with pdFVIII from 41.1% (37/90 patients) in
2003 to 52.3% (46/88) in 2008, to 63.6% (42/66) in 2013,
and finally to 65.7% (44/67) in 2015. These results were
similar for patients with severe and nonsevere hemophilia A.
The increasing proportion of prophylaxis during the whole
study period can also be seenwhen comparing the treatment
modalities of patients at inclusion (N¼198) with their
treatment modalities at the end of their study periods
(►Table 1). A higher increase of prophylaxis was observed
in patients with severe hemophilia A and PUPs at inclusion
compared with patients with nonsevere hemophilia A and
PTPs at inclusion.

As presented in the interim analysis,9 the type of treatment
varied considerably between patients treated in Germany or
Hungary. These initial country-specific differences in regi-
mens and dosing decreased during the study period.

The joint status was documented for 57 patients from
2010 onwards. Of these patients, 53 had affected joints, of

Table 1 Demographics—status of treatment, severity of hemophilia A, age, treatment modality at inclusion, and treatment
modality at the end of study

Age at inclusion (y) PTP (N¼168)a PUP (N¼30)b,c All (N¼ 198)

Severe
(n¼ 137)d

Nonsevere
(n¼ 31)

Severe
(n¼ 23)

Nonsevere
(n¼ 7)

Severe
(n¼ 160)d

Nonsevere
(n¼ 38)

n (%) n (%) n (%)

<1 3 (2.2) 0 (0.0) 16 (69.6) 1 (14.3) 19 (11.9) 1 (2.6)

1 1 (0.8) 0 (0.0) 3 (13.0) 1 (14.3) 4 (2.5) 1 (2.6)

2–5 8 (5.8) 1 (3.2) 2 (8.7) 3 (42.8) 10 (6.3) 4 (10.5)

6–11 11 (8.0) 1 (3.2) 2 (8.7) 1 (14.3) 13 (8.1) 2 (5.4)

12–17 20 (14.6) 3 (9.7) 0 (0.0) 0 (0.0) 20 (12.5) 3 (7.9)

18–64 94 (68.6) 22 (71.0) 0 (0.0) 0 (0.0) 94 (58.7) 22 (57.9)

65–74 0 (0.0) 3 (9.7) 0 (0.0) 1 (14.3) 0 (0.0) 4 (10.5)

Over 74 0 (0.0) 1 (3.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.6)

Treatment modality at inclusion

Prophylaxis 62 (45.3) 16 (51.6) 8 (34.8) 3 (42.9) 70 (43.8) 19 (50.0)

On demand 75 (54.7) 15 (48.4) 15 (65.2) 4 (57.1) 90 (56.2) 19 (50.0)

Treatment modality at the end of study

Prophylaxis 96 (70.1) 18 (58.1) 23 (100.0) 4 (57.1) 119 (74.4) 22 (57.9)

On demand 41 (29.9) 13 (41.9) 0 (0.0) 3 (42.9) 43 (26.9) 16 (42.1)

Abbreviations: ED, exposure day; PTP, previously treated patient; PUP, previously untreated patient.
aIncluding minimally treated patients with fewer than 50 EDs and 150 EDs.22
bOne PUP received at the very first treatment a different pdFVIII product, before starting treatment with pdFVIII.
cOne PUP with severe hemophilia A was treated for 24 EDs during the study and was then lost to follow-up.
dMissing for 2 patients at inclusion and 1 patient throughout the study period; presented as patient with severe hemophilia A.
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which 47 patients had an impact on their daily life. Walking
impairment and total knee replacement was documented for
24 and four patients, respectively.

Overall, 156 surgical procedures were performed success-
fully in 79 patients under long-term therapy with pdFVIII; of
these145wereperformed in72PTPs and11 in8PUPs. Twenty-
nine procedures were successfully performed in 18 patients
with nonsevere hemophilia A (of thesefivewere in two PUPs).

Investigators assessed the therapeutic effect of treatment
as “successful” for nearly all (99.4%) treatments.

The majority of both investigators and patients rated the
global effectiveness as “very good”: mean assessment by
investigators was 1.3�0.4 (range 1.0–2.5; n¼162) and by
patients 1.4�0.5 (range 1.0–3.5; n¼160).

On average, patients judged their overall satisfactionwith
their hemophilia A treatment as “good” (1.7�0.5; range 1.0
to 3.0; n¼162). The physicians on average assessed the
subjective condition of 163 patients as “good” (1.7�0.5;
range 1.0–4.0).

The global easeof usewasassessed as “good”or “verygood”
by themajority of both investigators (1.4�0.5; range 1.0–3.0;
n¼162) and patients (1.5�0.5; range 1.0–3.0; n¼160).

Safety and Tolerability
During the study period (January 1998–December 2015),
within 1,418 patient-years, 10 AEs in seven patients were
considered pdFVIII-related, resulting in an adverse drug
reaction (ADR) rate of <0.1 per patient, 7.1 per 1,000
patient-years, and 0.1 per 1,000 administrations.

All ADRs involved FVIII inhibitor formation documented
in 7 patients with severe hemophilia A (3 PUPs and 4 PTPs:

“PUP1–3” and “PTP1–4”; see details in ►Supplementary

Table 2). All seven patients recovered from the 10 ADRs. In
two patients (PUP3, PTP4), the inhibitor formation was
recorded twice and in PUP3 an increased bleeding tendency
was additionally documented.

From January 1998 to December 2015 (inclusive), no
pdFVIII-related thrombosis, thromboembolic event, or
hypersensitivity reaction and no suspected viral transmis-
sion related to pdFVIII was documented.

During the study, no unexpected information on the
safety and tolerability of pdFVIII was acquired.

The incidence of all FVIII inhibitor formation in PUPs with
severe hemophilia A was 13% (3/23), and 4% (1/23) for high-
titer FVIII inhibitors.3,10

One PUP (PUP2) of African ethnicity11,12 developed a high-
titer (�5 BU/mL) and persistent inhibitor with a peak titer of
320 BU/mL (ED 6).10 After 11 months of ITI (Bonn Protocol)
with pdFVIII, inhibitor test results remained negative.

The other two PUPs showed transient and low-titer
inhibitors (peak titers of 0.9 and 1.6 BU/mL; ED 16 and ED
27).3,10 The first pdFVIII exposure of PUP1/PUP2 was linked
with a severe bleeding and surgical procedure requiring
concomitant red blood cell transfusion and �10/�5 conse-
cutive days of intensive pdFVIII treatment.11–22

PUP3 was first exposed to pdFVIII at an early age (6 months)
andsufferedformanintron-22inversion.11,12,23 Inhibitor results
remained negative in PUP1/PUP3 after a few days/months of
three times weekly doses of approximately 50 IU/kg pdFVIII.

During the study period, overall four PTPs with severe
hemophilia A developed inhibitors, thereof three high-titer
inhibitors, resulting in frequencies of 3.3 inhibitors and 2.5

Table 2 Treatment and dosing data; annual bleeding rate

Mean� SD N¼ 198a n (severe)¼ 160a n (nonsevere)¼ 38

Total doses administered (IU) 1,089,139�1,028,721 1,197,545�1,035,781 691,213� 908,873

Doses administered per year (IU/y) 164,965� 123,343 173,159� 122,918 133,951� 123,141

Doses administered per year and
body weight (IU/kg/y)

3,277�3,381 3,557�3,623 2,131�1,764

No. of infusions administered per year 99.9�61.1 106.5� 62.7 69.7� 44.8

No. of infusions 665.9� 580.8 744.6� 593.5 366.7� 415.3

Percentage of infusions, on-demand (%)b 34.9�36.6 33.6�35.9 41.7� 39.8

Percentage of infusions, prophylaxis (%)c 64.3�37.3 66.1�35.8 55.6� 42.7

Percentage of infusions, surgery (%) 0.8�3.7 0.3�0.8 2.7�8.0

Dose per infusion (IU/kg) 31.6�15.2 31.78� 15.7 31.68� 13.0

On-demandb 33.4�17.4 33.7�18.5 32.6� 12.4

Prophylaxisc 31.5�15.4 32.3�15.8 28.4� 13.3

Surgery 60.7�37.6 62.9�41.1 51.9� 17.1

ABRd during prophylaxisc (median) 5.4�6.3 (3.1) 5.8�6.7 (3.3) 3.4�3.5 (2.2)

ABRd during on-demandb treatment (median) 26.1�19.2 (21.9) 30.8�18.4 (29.3) 7.9�7.4 (5.6)

Abbreviations: ABR, annual bleeding rate; ED, exposure day; SD, standard deviation.
aData derived from 40–196 (32–156/8–38) patients as applicable and available.
b“On-demand” means either primary treatment of a bleeding episode or follow-on treatment, if needed, for the same episode.
cProphylaxis was not predefined and varied in administered dosages and their frequencies.
dIncluding traumatic and spontaneous bleedings.
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high-titer inhibitors in 1,000 patient-years with severe hemo-
philia A.3,10 Three PTPs developed transient FVIII inhibitors
withoutanychange in treatment.All threePTPshadsinglehigh-
titer inhibitor results (5–8 BU/mL) that were not confirmed.
Consecutive low-titer inhibitor results were documented for
only two of these three PTPs. A fourth PTP (PTP3) developed a
low-titer and persistent inhibitor.10 During follow-up observa-
tion after the study period, inhibitor titer did not increase but a
high-dose ITI with pdFVIII was initiated. After 1 month and an
initial booster to 30 BU/mL inhibitor, results remained negative
(details in ►Supplementary Table 2).

For only one patient (PUP3) with inhibitor formation,
an increased bleeding tendency was documented
(►Supplementary Table 2). No other bleeding within the
study was documented in relation to FVIII inhibitor forma-
tion. However, for five patients with FVIII inhibitor develop-
ment (PUP1, PUP2, PTP2, PTP3, and PTP4), severe bleedings
with coexisting inflammation, requiring �3 up to �10 con-
secutive days of pdFVIII treatment, were identified as a risk
factor for inhibitor formation. In addition, two PTPs with
inhibitor formation were treated on demand or had been
treated on demand in the past.11–13,18–20,24–27

Overall, 16 PUPswith severe hemophilia A suffered from a
total of 32 severe bleeding episodes requiring peak treat-
ment moments within their first 50 EDs. Two of these
patients (PUP1, PUP2) needed treatment with packed eryth-
rocytes concomitantly with pdFVIII.3,11–13,20,21

Two further suspected pdFVIII-related nonserious AEs
(joint bleeding, hematoma; cause not documented) were
documented by the physician for one adolescent patient
with severe hemophilia A. Both AEs were assessed by the
sponsor as not pdFVIII-related, but rather as symptoms of the
underlying hemophilia A and probably lowprophylactic doses
(15 IU/kg BW) and their low frequency (�1–2 per week).
Neither the dosage or the frequency of pdFVIII therapy nor
the patient’s concomitant medication was changed. No FVIII
antibody was diagnosed and the therapeutic effectiveness of
pdFVIII was judged to be “very good” by the physician.

Overall, tolerability was assessed globally as “very good”
or “good” by both investigators (1.2�0.4; range 1.0–2.0;
n¼162) and patients (1.3�0.4; range 1.0–2.0; n¼160).

Discussion

To our knowledge, this is the longest NIS of a single FVIII
concentrate conducted so far, investigating real-life effective-
ness and safety in clinical daily routine of prophylactic or on-
demand treatment ofhemophiliaA and its influence onpatient
health.6,28–31 Within this unique study, a broad range of
patients with severe as well as nonsevere hemophilia A, cover-
ing all age groups (postnatal up to 88 years), was investigated.

Within the study period of nearly two decades, pdFVIII
was effective and well tolerated, and no pharmacological
safety concernwas raised. FVIII inhibitor development with-
in the study was mainly transient, with low titers and
without clinical relevance, and was manageable.

In addition to the severe form of hemophilia A, all patients
with inhibitor formation showed various risk factors for inhibi-

tor formation.25,27 Several risk factors are known or currently
under discussion: these include the regimen and intensity of
factor replacement, age at the start of treatment, coexisting
inflammation, typeofFVIIIproduct,F8mutationtype,ethnicity,
family history of inhibitors, and severity of hemophilia
A.5,11–14,16–21,25,32–37 Inflammatory danger signals, such as
recurrent joint bleeding and severe bleeding episodes (includ-
ing surgical procedures) requiring peak treatment moments,
seem to increase the risk of developing mainly transient and
low-titer inhibitors without clinical relevance in both PUPs and
PTPs treated on demand with pdFVIII.3,11–14,18–20,24–27,37

Overall, rates of inhibitor formation in PUPs and PTPs were
low,and lower thanorsimilar tothosereported forotherpdFVIII
products, including the comparisons between plasma-derived
and recombinant FVIII products.5,6,11,22,36 The higher inhibitor
incidence observed in the SIPPET study (27%) for pdFVIII con-
centrates, in contrast to the overall inhibitor incidence in the
present study (13%),may be explained inter alia by thedifferent
ethnic origins of the patients and the different study settings.
The SIPPET study was a randomized, controlled trial with
defined inhibitor assessments.22,38 However, the incidence of
inhibitor formation in PUPs with severe hemophilia A in the
present study (overall 13.0%;high-titer 4.3%)was comparable to
the incidence reported for another vWF-containing pdFVIII
product (overall 11.1%; high-titer 8.9%)38 and lower compared
with incidences reported in the EUHASS,39 RODIN, and CANAL
studies.12,15 Considering applied definitions of inhibitors,10 for
PTPs, inhibitor incidenceswere similar to those observed in the
EUHASS study or reported by Kempton et al40 and Xi et al,5 but
lower than those observed in the United Kingdom (>5.3).6

Therewere limitations indata acquisitionduemainly to the
long observational period, especially at the beginning of the
study, mostly on account of items documented at the start of
the NIS two decades earlier. Therefore, underreporting of AEs,
such as those related to bleeding (e.g., pain or causes of
[traumatic] bleeding), elective procedures and underlying
hemophilia A, related comorbidities (e.g., arthropathy) and
their aggravation cannot be ruled out. However, the documen-
tation and reporting of clinically relevant events, e.g., FVIII
inhibitor formationor thromboembolicevents, are assumedto
have been documented completely.

In addition, no especial attentionwas given to the develop-
ment of joint status over time, but only the status of affected
joints and their impact on daily life was documented from
2010 onwards. ABRs were calculated on the basis of bleedings
(for which no definition was prespecified) and were docu-
mented in patient diaries, without the requirement that they
be medically confirmed.

Notably, in this study “real-life patients”—i.e., including
high-risk patients—instead of carefully selected patients
were observed.

Conclusions

This study covered 18 years of observation and documented
1,418patient-years. Patientswith hemophilia A received long-
term prophylactic and on-demand therapy with a pdFVIII
concentrate containing vWF. The study has demonstrated that
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this treatment was effective, safe, and well tolerated, with a
low incidence of inhibitor formation in PTPs and PUPs.5,11,38

Novel therapies, including nonfactor therapeutic agents
and gene therapy, are currently being established in hemo-
philia treatment. Their long-term outcome will need to be
established. To date, all novel treatments still rely on some
FVIII replacement therapy, i.e., in cases of bleeding. Thus,
data on efficacy and safety obtained during long-term thera-
py with pdFVIII reaffirm that there is no unexpected adverse
effect on the health of hemophilia A patients.

What is known about this Topic?

• Collecting real-life safety and effectiveness data during
long-term hemophilia A treatment from clinical prac-
tice and daily routine to investigate the treatment’s
influence on the health of patients of all age groups is
essential to prove the long-term tolerability of the FVIII
concentrates used and to ensure consistency with the
outcomes of clinical studies.

• In long-term noninterventional studies “real-life”
patients (including high-risk ones) are included, rather
than carefully selecting the patient population.

• Development of FVIII inhibitors remains the most
serious complication of the therapy with FVIII concen-
trates in patients with hemophilia A.

What does this Paper Add?

• Within the 18 years covered by this noninterventional
study, investigating patients with severe as well as
nonsevere hemophilia A and aged postnatally up to
88 years, therapy with pdFVIII was assessed as being
very effective and well tolerated.

• No unexpected adverse effect on the health of patients,
no pdFVIII-related thrombosis, thromboembolic event,
or hypersensitivity reaction, and no suspected viral
transmission related to pdFVIII were documented.

• FVIII inhibitor development was mainly transient, with
low titers, without clinical relevance, and comparable to
postmarketing data on other pdFVIII concentrates.
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