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A B S T R A C T

Background: Congenital fibrinogen deficiency is a rare inherited coagulation disorder characterized by partial or 
total lack of plasma fibrinogen (hypo- or afibrinogenemia), or expression of dysfunctional fibrinogen (dysfi
brinogenemia), which may cause plasma level reduction (hypodysfibrinogenemia). Loss of functional fibrinogen 
causes bleeding disposition. In case of trauma or surgical intervention, supplementation of human fibrinogen is 
required to stop or prevent extensive bleeding events.
Study design: A prospective, open-label, uncontrolled, multi-center phase I/III trial was performed to investigate 
pharmacokinetics, efficacy and safety of single and/or repetitive intravenous infusions of a human fibrinogen 
concentrate (BT524) for on-demand prophylaxis (ODP) and/or on-demand treatment (ODT) of bleeding events in 
patients with congenital fibrinogen deficiency.
Patients: In the phase III part of the trial reported here, 36 patients (3 children <6 years, 9 children 6–12 years, 4 
adolescents and 20 adults) were treated with BT524 for 175 bleeding events, either for ODP or ODT.
Results: Fibrinogen concentrate infusion substantially improved maximum clot firmness (MCF). The overall he
mostatic response was rated as good or excellent in 98.9% of bleedings. Loss of blood was considered normal in 
the majority of surgical interventions, and wound healing was also positively assessed. Additional evaluations, 
including blood product consumption and adverse events, further supported the efficacy and confirmed the 
favorable safety profile of the novel fibrinogen product.
Conclusion: BT524 represents a novel human fibrinogen concentrate provenly efficacious and safe both for the 
treatment of bleeding and for peri-operative bleeding prophylaxis in patients with congenital fibrinogen defi
ciency of all ages.

1. Introduction

Fibrinogen, also known as coagulation factor I, is a soluble glyco
protein produced by the liver and excreted into the plasma. It is essential 
for coagulation and wound healing by acting in three prime roles: it 
supports platelet aggregation during primary hemostasis, it represents 

the substrate for fibrin generation in secondary hemostasis, and, finally, 
it provides the substrate for fibrinolytic processes [1,2]. With a normal 
plasma concentration of 2 to 4 g/l, it represents 7% of the plasma protein 
pool and thereby is the third major plasma protein component after 
albumin and the immunoglobulin fraction. Besides its involvement in 
hemostasis, further aspects of fibrinogen biology provide additional 
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complexity to its role in health and disease, comprising cancer devel
opment [3,4], inflammation [5], neurological disorders [6], cardiovas
cular disease [7], defense against infections [8] and allergy [9] (for 
review, see [10,11]).

Congenital fibrinogen deficiency is a rare inherited coagulation 
disorder caused by mutational alteration of one of three genes (FGA, 
FGB and FGG) [12,13]. The protein products of these genes, covalently 
linked, compose the fibrinogen protein [14]. Depending on the under
lying genetic mutation(s), a quantitative and/or qualitative deficiency of 
fibrinogen may result.

The quantitative disease (OMIM #202400) comprises two entities: 
the first is afibrinogenemia, defined by a complete lack of fibrinogen in 
the plasma that typically occurs in biallelic mutation carriers and is 
therefore more frequently found in countries where consanguineous 
marriages are more common [10,15]. The second, hypofibrinogenemia, 
occurs in carriers of monoallelic mutations who show a reduction of 
fibrinogen concentration. A decrease of the fibrinogen concentration 
below a critical level (considered to be approximately 0.5–1.0 g/l) is 
associated with risk of hemorrhages.

The qualitative deficiency (OMIM #616004) is mostly caused by 
missense alterations which structurally alter the fibrinogen protein, 
resulting in normal fibrinogen plasma levels but reduced activity (dys
fibrinogenemia), which is, in approximately half of the cases, caused by 
two hotspot missense variants in the FGG and FGA genes [12,16–18]. 
For screening for dysfibrinogenemia, the ratio of function measured by 
Clauss, divided by Fibrinogen antigen level, is generally used, with a cut- 
off 0.7. Dysfibrinogenemia may be accompanied by reduced fibrinogen 
concentration if the altered fibrinogen protein is unstable or insuffi
ciently secreted, and in these cases the term hypodysfibrinogenemia is 
applied.

The clinical manifestations of congenital fibrinogen deficiency 
reflect both the physiological roles of fibrinogen as well as the quality 
and extent of the mutational inactivation. A correlation exists between 
the residual fibrinogen activity and the clinical severity of the disease 
[19]. Patients with afibrinogenemia present with a severe clinical 
phenotype, usually starting in neonatal period, while those with hypo
fibrinogenemia may remain asymptomatic, but suffer from extended 
bleeding episodes after trauma [20,21]. Besides bleeding episodes, 
thrombosis may also occur [12,22–25]. Wound healing is also 
compromised, and, during pregnancy, significantly elevated rates of 
different clinical complications including abortion necessitate special
ized management [26–29].

Patients with congenital fibrinogen deficiency require intravenous 
(IV) replacement of fibrinogen, either in case of bleedings (on-demand 
treatment, ODT) or, in the course of planned surgery, to prevent 
extensive surgery-associated bleedings (on-demand prophylaxis, ODP) 
[28]. While other alternatives such as fresh frozen plasma (FFP) or 
cryoprecipitate can be used, human fibrinogen concentrates (HFC) 
derived from plasma are considered the best choice to improve hemo
stasis due to its rapid administration, its standardized concentration and 
viral safety. Since only the missing component is replaced, the risk of 
transfusion-related reactions or volume overloading is minimized 
[30,31]. Replacement therapy with fibrinogen has long been considered 
effective and safe [32–36], and several recent clinical studies with HFC 
products from different manufacturers have confirmed these findings in 
adults, adolescents and children [37–48].

In this study, we evaluated the clinical efficacy of BT524, a novel 
human fibrinogen concentrate. Like other HFC on the market, for 
example Fibryga® or RiaSTAP®, it is produced from pooled human 
plasma, albeit using a modern production process. HFCs differ in the 
indication spectra they are approved for in different countries; a benefit 
of BT524 is that it is allowed to be applied using a high infusion rate 
especially in AFD with severe bleedings, when rapid therapy is 
mandatory.

BT524 was evaluated in a clinical development program (2 parts, 
Phase I/III) in pediatric, adolescent and adult patients with congenital 

fibrinogen deficiency. We previously reported data on pharmacokinetic 
data of part I (phase I) of the trial [49]. This report presents the findings 
from Part II of the Phase III trial, which investigates the efficacy and 
safety of single and/or repeated intravenous infusions of the fibrinogen 
concentrate BT524 for the on-demand prophylaxis (ODP) or on-demand 
therapy (ODT) of bleeding events in patients with afibrinogenemia or 
severe hypofibrinogenemia.

2. Methods

2.1. Trial design

A prospective, open-label, uncontrolled, multi-national, multi-center 
Phase I/III trial was conducted between March 2013 and May 2020 
(NCT02065882) to investigate the pharmacokinetics (PK), pharmaco
dynamics (PD), efficacy, and safety of BT524, a novel HFC. The study 
focused on patients with quantitative congenital fibrinogen deficiency, 
including afibrinogenemia and severe hypofibrinogenemia. The patients 
received individually dosed BT524 for ODT of acute bleeding events or 
for ODP in case of surgical interventions.

In part II of the trial (phase III) reported here, clinical efficacy, sur
rogate efficacy and safety of single or repetitive IV infusions of BT524 in 
ODP or ODT were investigated.

2.2. Trial population

Patients were enrolled in six active centers in Lebanon (64.4% of 
patients), Egypt (11.9%), Bulgaria (3.3%), Germany (1.7%), and two 
centers in Tunisia (18.6%). All patients that had participated in part I of 
the trial continued in part II of the trial if not excluded due to severe 
post-dosing complications.

Eligible patients were male and female, aged 0–75 years, diagnosed 
with congenital afibrinogenemia or severe congenital hypofi
brinogenemia (plasma fibrinogen activity (FiAc) ≤ 0.5 g/l and antigen 
(FiAg) ≤ 0.5 g/l). Children and adolescents ≥6 years were enrolled only 
after completion of dosing and 7-day safety follow-up for 10 adult pa
tients. In accordance with the pediatric investigation plan approved by 
the European Medicines Agency (EMA), children <6 years were only 
enrolled after the first 20 patients (aged 6 to 75) had completed part I 
and the independent Data Monitoring Committee reviewed all available 
safety data. A full list of inclusion and exclusion criteria is given in 
Supplementary Table 1. The trial was performed during the Covid-19 
pandemic, therefore vaccinations may have occurred before or during 
the trial period.

2.3. Ethics agreement and patient consent

The clinical trial protocol and any amendments, informed consent 
form and any other appropriate trial-related documents were reviewed 
and approved by Independent Ethics Committees or Institutional Review 
Boards and Regulatory Authorities for each trial site before initiation of 
the trial. Furthermore, a Pediatric Investigational Plan application for 
agreement on data needed on pediatric age groups in congenital 
fibrinogen deficiency, as well as on the planned trial design and the 
investigation procedure in these age groups was reviewed and approved 
by EMA.

The trial patient and/or legally acceptable representative was 
informed about the trial according to the requirements of GCP and the 
legal requirements of the country in which the patient was recruited. 
The trial, its objectives, possible benefits and risks, and its consequences 
were verbally explained and provided as written information about the 
clinical trial.
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2.4. HFC trial medication and dosage

BT524 (Prufibry/Fesilty)1 is a lyophilized, heat-treated fibrinogen 
concentrate manufactured from human plasma at Biotest AG, Dreieich, 
Germany. Three viral inactivation and removal steps (solvent/detergent 
treatment, ultraviolet C irradiation, and dry heat treatment) performed 
during the purification process provide high purity and pathogen safety. 
Each vial contains 1 g fibrinogen, measured by fibrinogen activity assay, 
which is reconstituted with 50 mL of water for IV infusion. The amount 
of BT524, the frequency and the duration of treatment was individually 
tailored to make allowance for the severity of the hemostatic disorder, 
the location and extent of the surgical procedure/spontaneous bleed and 
the patient's clinical condition. General Trial dosing guidance for ODP or 
ODT of bleeding are given in Supplementary Table 2. Dosage recom
mendations followed the EMA recommendations for human fibrinogen 
products [50]. Overall, bleeding events of different types, severity, and 
dosing regimens for ODP/ODT were assessed.

2.5. Surrogate efficacy assessments

Maximum clot firmness (MCF, mm) as measured by rotational 
thromboelastometry (ROTEM®) was assessed at pre-dose and 1 h after 
end of infusion including repetitive infusions per bleeding event. MCF 
measurement has been accepted by the FDA as surrogate for clinical 
efficacy for the approval of other fibrinogen products available on the 
market. Fibrinogen activity (FiAc) was measured using the Clauss 
method, by addition of thrombin and calcium in surplus to the citrate 
plasma sample; measurement was performed at screening both in the 
local laboratory and in the central laboratory, all other time points were 
determined in the central laboratory [51,52].

2.6. Clinical efficacy assessment

For assessment of clinical efficacy, 6 endpoints were used. First, the 
overall hemostatic response (OHR) to treatment with BT524 was eval
uated for major or minor bleedings (Supplementary Table 3). Response 
to all bleedings was evaluated by the investigator according to a 4-point 
scale: “none”, “moderate”, “good” or “excellent” at the end of the 
bleeding event or at hospital discharge for ODT or ODP. This 4-point 
assessment scale has been widely employed in clinical trials of coagu
lation factor concentrates and is recommended by the European Medi
cines Agency (EMA) for evaluating hemostatic response during both 
bleeding episodes and surgical interventions [EMA/CHMP/BPWP/ 
144552/2009 rev.2]. Moreover, the same criteria have been further 
specified and applied later on in the investigation of fibrinogen con
centrates for treatment and surgical prophylaxis in patients with 
congenital fibrinogen deficiency[43; Supplementary Tables 4–6] and 
other rare bleeding disorders [43,53,54].

All “good” and “excellent” ratings were classified as “success”. Sec
ond, the total loss of blood (e.g., intra- and post-operatively, re-bleed
ings) was scored as either “lower than expected”, “within the expected 
range”, or “higher as expected”, if applicable. Third, if applicable, the 
use of other fibrinogen-containing products such as FFP, cryoprecipitate 
or another HFC, was scored. Fourth, if applicable, the infused units of 
transfusion products, e.g., allogenic or autologous blood (packed red 
blood cells, fresh whole blood, platelets) were scored. Fifth, the con
sumption of BT524 (dose per kilogram body weight (BW) required pre-, 
intra- or post-operatively for effective treatment) was assessed. Finally, 
wound healing was descriptively scored as either “excellent”, “good”, 
“moderate” or “none”.

2.7. Safety assessment

Safety parameters included the incidence of all adverse events (AEs) 
and serious adverse events (SAEs) that occurred during or after treat
ment and until day 49 (± 4) of the last treated bleeding event (treat
ment-emergent AEs/SAEs). All events were classified by seriousness, 
severity (mild, moderate or severe) and causality (related to the trial 
medication or not); event terms were coded using the Medical Dictio
nary for Regulatory Activities, MedDRA, version 23.0. AEs of special 
interest (AESI) included hypersensitivity/anaphylactic reactions/ 
anaphylactic shock conditions, embolic and thrombotic events, trans
mission of infectious agents via product, and fibrinogen inhibitory 
antibodies).

Physical examinations, monitoring of vital signs (blood pressure, 
heart rate, body temperature), electrocardiogram (ECG) recordings, and 
safety laboratory parameters (hematology: RBC, white blood cell (WBC), 
Platelet count, Hemoglobin, and Hematocrit; Clinical chemistry: aspar
tate aminotransferase (ASAT), alanine aminotransferase (ALAT), γ-glu
tamyltransferase (γ-GT), alkaline phosphatase (AP), total bilirubin, 
creatinine, urea, potassium, sodium, calcium, and chloride; Urinalysis: 
pH, Qualitative investigation for pH, blood, WBC, protein, glucose, ke
tone bodies, nitrite, bilirubin, and urobilinogen) were evaluated. In 
addition, ultrasonography of lower limbs, or according to clinical 
symptoms, and viral safety assessments were performed.

2.8. Determination of fibrinogen inhibitory antibodies

Antibodies directed against fibrinogen epitopes leading to inhibition 
of FiAc were determined according to local laboratory standards at the 
screening visit and at the safety visit (day 49 ± 4). The development of 
fibrinogen inhibitory antibodies was considered an AE and had to be 
reported as SAE. The presence of fibrinogen inhibitor antibodies at 
screening visit was a reason to withdraw patients from the trial.

2.9. Statistics

The relevant framework for allocating patients to analysis sets was 
restricted to the time from enrollment to date of safety visit (Day 49 ± 4) 
of the last patient's bleeding event treated. For patients who completed 
part I and participated in part II as well, time of enrollment in part II was 
defined as the first day after the PK safety visit. In total, the full analysis 
set and the safety analysis set comprised 36 patients (Fig. 1). The 
analysis of efficacy and safety endpoints on event level, comprising a 
single or repetitive administration of BT524 for ODT or ODP, considered 
each bleeding event as an individual case. All data collected were listed 
and tabulated. Categorical variables were presented with absolute and 
relative frequencies. For continuous variables, descriptive statistics were 
given including mean, standard deviation, median, quartiles, minimum, 
and maximum. For efficacy and safety parameters, 95% confidence in
tervals (CIs) were calculated where appropriate, and statistical signifi
cance was defined using a two-sided p-value of <0.05.

The clinical response, summarizing the excellent and good rating of 
the overall hemostatic response evaluation, was analyzed descriptively 
(providing estimate and 95% CI).

For the surrogate efficacy variable MCF, a confirmatory testing was 
performed on the change of MCF 1 h after end of infusion compared to 
pre-dose values in part I of the study. The two-sided p-value <0.05 
resulting from this comparison was considered statistically significant. 
Confidence intervals were chosen as 95% two-sided. In a sample of 15 
patients, assuming a pre-treatment mean of 4 mm (SD = 7 mm) and a 
post-treatment mean of 10 mm (SD = 8 mm), the trial was estimated to 
have 80% power to detect an effect size of 0.8 at a two-sided α of 0.05.

All statistical tests were conducted using SAS® version 9.4 (SAS 
Institute, Cary, NC, USA), and descriptive as well as inferential tests 
were two-sided unless stated otherwise.

1 Currently in the U.S.A., BT524 has been approved and is sold by Grifols as 
Fesilty™, and in Germany and Austria as Prufibry® by Biotest.
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3. Results

3.1. Patient characteristics

A total of 59 patients were enrolled in Part II of the trial. There were 
7 screening failures. Fifty-two patients aged from 28 days to 75 years 
with confirmed congenital afibrinogenemia or severe congenital hypo
fibrinogenemia were considered eligble in the trial in six sites. Of these, 
16 did not receive medication mostly due to absence of bleeding events, 
and 36 (n = 34 with afibrinogenemia and n = 2 severe hypofi
brinogenemia, both children) were treated with HFC BT524 (Fig. 1). 
This treatment group comprised twelve pediatric patients (< 12 years), 
four adolescents (12 to <18 years).

Gender distribution was similar in the pediatric group (< 12 y) and 
the adult group, while the adolescent group comprised only (four) male 
participants; The rest of demographic and baseline characteristics were 
balanced among groups. (Table 1).

Bleeding history of the patients was assessed and was largely typical 
for bleeding events found generally in quantitative congenital fibrin
ogen deficiency patients (Supplementary Table 7) [55]. Prior and 
concomitant medications were registered during the trial in order to 

estimate potentially confounding effects, they comprised predominantly 
analgesics, systemically applied antibacterials, anesthetics and anti
emetic preparations (Supplementary Table 8).

3.2. Bleeding events and their treatment

A total of 175 bleeding events in 36 patients were treated with BT524 
for ODT or ODP. These were mostly adult patients (20 patients with 92 
bleeding events), while 4 events were treated in children below 6 years, 
47 bleeding events in children aged 6 to <12 years and 32 bleeding 
events in adolescents (12 to <18 years) (Table 2). There was a mean (SD) 
of 4.9 (4.3) bleeding events per patient. Roughly twice as many treat
ments (ODT) were performed as surgical prophylaxis (ODP), and both 
minor and major bleeding events were represented (Table 2).

The mean total dose administered per major bleeding event was 72.7 
mg/kg BW (SD 48.4) overall, ranging from 67.1 mg/kg BW for ODP to 
88.8 mg/kg BW for ODT. The administered amount of fibrinogen 
concentrate was similar across all age groups, although total dose 
differed because of different weight in the age groups (Table 3, Sup
plementary Table 9).

3.3. Effect of BT524 administration on maximum clot firmness and 
fibrinogen activity

Pre-dose MCF was below detection limit (< 2 mm) in the pediatric 
groups, and at 2.1 mm in adults. While 34/36 adults had afi
brinogenemia with MCF values below detection limit, the mean value 
was elevated due to a few outliers with unusually high values (20 mm 
maximum) at baseline in two patients for few bleeding events; since for 
these outliers no recent application of fibrinogen containing products 
has been recorded, their origin is unclear. One hour after end of BT524 
infusion, MCF values were strongly increased in all age groups (Fig. 2). 
In age groups with more than five bleeding events, the increases were 
statistically significant (p < 0.0001).

In addition, FiAc levels (Supplementary Table 10) correlated with 
MCF values. The correlation coefficient showed a positive result at 1 h 
after end of infusion (r = 0.5551) and at pre-dose (r = 0.2528) for all 
bleeding events.

Fig. 1. Patient disposition. 
HFC, Human fibrinogen concentrate (BT524). The “patients treated” group with 
36 participants represented the safety analysis set (SAF II); The “all-patients 
enrolled group” comprised 59 patients, but 7 patients failed screening for 
different reasons.

Table 1 
Demographic data of trial patients with afibrinogenemia or severe 
hypofibrinogenemia.

< 6 y 6 to < 12 
y

12 to < 18 
y

18 to 75 y

Gender Male, n (%) 2 (67) 4 (44) 4 (100) 12 (60)
Female, n 
(%)

1 (33) 5 (56) 0 8 (40)

Age (years) Mean (SD) 2.3 (1.2) 8.7 (1.9) 14.3 (1.3) 28.1 (8.2)
Weight 

(kg)
Mean (SD) 12.2 

(2.3)
26.4 (3.4) 43.7 (10.8) 73.1 

(14.5)
BMI (kg/ 

m2)
Mean (SD) 17.6 

(1.3)
16.2 (1.0) 18.8 (4.9) 25.7 (4.4)

Table 2 
Characteristics of bleeding events by age groups.

Age group

< 6 y 6 to <
12 y

12 to 
< 18 
y

18 to 
75 y

Overall

28d 
to <
2y

2y to 
< 6y

Overall

Number of 
patients

1 2 3 9 5 20 36

Number of 
bleeding 
events

1 3 4 47 32 92 175

ODT
Minor 0 1 1 40 25 27 93
Major 0 1 1 2 6 13 22

ODP
Minor 0 1 1 4 1 23 29
Major 1 0 1 1 0 29 32

Mean BE 
per 
patient 
(SD)

1.0 
(− )

1.5 
(0.71)

1.3 
(0.58)

5.2 
(5.85)

6.4 
(5.9)

4.6 
(3.35)

4.9 
(4.33)

The numbers and characteristics of bleeding events (BE) sorted by age groups is 
given in total numbers, differentiated by on-demand treatments (ODT) or on- 
demand prophylaxis (ODP) and sub-classified in minor and major bleedings 
(minor/major in brackets). SD: standard deviation; d: days; y: years.
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3.4. Clinical efficacy of BT524 treatment

Overall, 36 patients were treated for a total of 175 bleeding events 
with BT524.

Hemostatic response to BT524 was judged “good” or “excellent” in 
the vast majority of cases in adults (success in 98.9%) and in all pediatric 
and adolescent bleedings (100%) (Fig. 3). Only two minor bleeding 
events in adults were classified by the investigators with “moderate” 
OHR; these comprised a patient with a planned dental extraction who 
received 4000 mg fibrinogen as ODP and a traumatic bleeding/hema
toma (OTP) on the left leg in a patient who received 6000 mg fibrinogen 
on the day after the trauma. A lack of response to treatment (“none”) 
was not observed.

There were no notable differences between age groups or in treat
ment success between minor/major bleeding events. These results in 
OHR showed also no notable differences with respect to treatment 
indication: of 60 ODPs and 115 ODTs, all showed good or excellent 
response and were assessed by the investigator to be highly successful, 
with higher proportion of excellent versus good OHR ratings across all 
age groups. There was only one minor bleeding event with moderate 
response each. Furthermore, there was no notable difference concerning 
major versus minor bleedings: 100% (n = 53) of the major bleedings and 
98.4% (n = 120 of 122) of the minor bleedings were rated with 
“success”.

Consistent with the successful performance of BT524 in bleeding 
events treatment, no other HFC were used on the day of BT524 infusion 
or on the follow-up day. Additionally, the use of other transfusion 

products was minimal, with only one unit of RBCs administered to a 
child of the age-group 6 to <12 years and one unit given to an adult 
patient. Both RBC applications (in one case pre- and in the other post- 
operatively) were done to treat anemia caused by spleen ruptures 
which required splenectomy.

3.5. Fibrinogen concentrate consumption in surgeries

The consumption of HFC for effective treatment was scored in 54 
surgical interventions, with the large majority of HFC applications 
occurring pre-operatively: only seven subjects received post-operative 
doses. These operations comprised two splenectomies, two circumci
sions, and one appendicitis, one anal fissure, and one synovectomy of 
the left elbow; the doses were usually within 1 week after surgery, in the 
case of the synovectomy the subject received in total six infusions over 
four weeks. For none of the patients a case of re-bleeding was recorded. 
The mean dose of BT524 prior to surgery in adults was 58.3 mg/kg BW 
and was slightly higher in the pediatric groups (Table 4).

The post-operative doses of BT524 were highly variable across the 
age groups, with median doses of 69.9 mg/kg BW in children aged 6 to 
<12 years, 83.6 mg/kg BW in adults, and 100.00 mg/kg BW in children 
aged <6 years.

3.6. Total loss of blood in surgical bleedings

For most of surgical bleeding events, blood loss was in the expected 
range (83.3%), including 5 bleeding events in the pediatric groups (2 in 

Table 3 
Total dose and infusion numbers given for on-demand treatment or on-demand prophylaxis.

Treatment type ODT ODP Overall

Number of bleeding events 115 60 175
Bleeding event type Major Minor Major Minor Overall
Number of infusions 22 93 31 29 175
Total dose (mg/kg BW) Mean (SD) 88.8 (84.52) 67.4 (20.10) 67.1 (38.06) 83.2 (76.73) 72.7 (48.42)

Median 
(Q1–Q3)

60.5 
(51.9–82.6)

63.9 
(57.0–76.3)

52.6 
(46.9–65.8)

68.5 
(52.6–75.5)

62.6 
(51.9–76.3)

Number of infusions per event Mean (SD) 1.5 (1.34) 1.0 (0.21) 1.2 (0.45) 1.2 (0.95) 1.1 (0.66)
Median 
(Q1–Q3)

1.0 
(1.0–1.0)

1.0 
(1.0–1.0)

1.0 
(1.0–1.0)

1.0 
(1.0–1.0)

1.0 
(1.0–1.0)

Summary of numbers of infusions (absolute numbers), total doses of BT524 (mg/kg BW) and numbers of infusions per bleeding event (mean numbers) given to trial 
participants for either on-demand treatment (ODT) or on-demand prophylaxis (ODP). Both mean and standard deviation (SD) were calculated as well as median and 
range of Q1-Q3 quartiles.

Fig. 2. MCF before and after BT524 infusion. Maximum clot firmness (MCF) 
was below detection limit for the pediatric groups at pre-dose and is repre
sented with 1 mm. Absolute patient numbers whose MCF increase was evalu
ated in the different age groups are given in the legend. Significance was 
assessed using a t-test.

Fig. 3. OHR to fibrinogen treatments in bleeding events. 
Hemostatic response of fibrinogen concentrate treatment in 175 bleeding 
events (both ODT and ODP) was scored in four categories from “none” to 
“excellent”. The diagram details the proportions of treatments of the respective 
success scores in bleeding events in different age groups or overall (hashed 
bars). The absolute numbers are given below the bars.
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children <6 years, 2 in children aged 6 to <12 years and 1 in an 
adolescent). There were seven other classifications, “higher than ex
pected” in 4 adults (7.4%) and “lower than expected” in 3 adults (5.6%).

3.7. Wound healing

Of the 175 bleeding events, an assessment of wound healing was 
applicable to 39 treated bleeding events (22.3%), which comprised 25 
ODP and 14 ODT events (Supplementary Table 11) In ODP events, the 
majority of cases were dental surgeries (tooth extraction/implants) but 
also cases of circumcision (n = 3), anal fissure (n = 1), splenectomy (n =
1), appendicitis (n = 1), cyst ablation (n = 1) and ingrown nail (n = 1). 
In ODT events, cutaneous bleeding e.g. due to traumata/injuries or cuts, 
chronic gingivitis, hematoma and skin burn were reported. For the 
majority of these bleeding events, the assessment of wound healing was 
“good” (53.9%) or “excellent” (38.5%), with a “moderate” evaluation in 
only 3 (7.7%) cases. These three events were all recorded in a single 
subject, one after a tooth extraction and two after dental implants; OHR 
was considered excellent in all three cases. None of the bleedings was 
classified as “no response”. There were no notable differences in the 
quality of wound healing between major and minor bleeding events or in 
treatment indication (ODT or ODP) (Supplementary Table 11).

3.8. Safety results

A total of 143 AEs were reported in 27 (75.0%) patients (Table 5). 
The frequency of AEs was similar in all age groups. The majority of AEs 
resolved within 49 days after end of infusion. The most commonly re
ported AEs concerned procedural complications (Supplementary 
Table 12).

Two AEs that occurred in one patient (2.8%) were considered to be 
related to the trial medication. These were pyrexia and pruritus, and 
neither of these two AEs was serious or led to changes in BT524 dosing 
or discontinuation of the trial.

Nine SAEs were reported in 7 patients (19.4%) (Table 5). Among 
these, one occurred in a child in the group 6 to <12 years and was a 
traumatic hemorrhage, and one in an adolescent patient (hematoma of 
the muscle). The traumatic hemorrhage in the child was a gingival 
bleeding occurring five weeks after the last BT524 administration and 
was reported to have been caused by a trauma; a causal relation to 
BT524 application was considered implausible. The adolescent patient 
with the hematoma of the muscle (psoas iliac) had before been treated 
with BT524 because of a spontaneous occurrence of this same hema
toma, showing a good treatment response. The patient was sent home, 
but was reported not to have rested as recommended but performing 

Table 4 
Mean consumption of BT524 (mg/kg BW) for effective treatment in surgeries.

Parameter < 6 years 6 to < 12 years 12 to < 18 years 18–75

N 2 2 1 49

Pre-operative n 2 2 1 49
Mean 
(SD)

83.3 
(23.6)

75.7 
(6.1)

71.4 58.3 
(13.1)

Median 
(Q1-Q3)

83.3 
(66.7–100.0)

75.7 
(71.4–80.0)

71.4 
(71.4–71.4)

53.2 
(48.4–68.7)

Post-operative n 1 2 0 4
Mean 
(SD)

100 69.9 
(0.2)

n/a 147.6 
(158.7)

Median 
(Q1-Q3)

100 
(100− 100)

69.9 
(69.8–70.0)

n/a 83.6 
(49.2–246.0)

Per surgery n 2 2 1 49
Mean 
(SD)

133.3  
(94.3)

145.6 
(6.2)

71.4 70.3 
(61.9)

Median 
(Q1-Q3)

133.3 
(66.7–200.0)

145.6 
(141.2–150.0)

71.4 
(71.4–71.4)

53.2 
(48.4–70.0)

The mean consumption used for effective treatment of bleedings in surgeries both pre-operatively and post-operatively was assessed over all age groups. Both mean and 
standard deviation (SD) were calculated as well as median and range of Q1-Q3 quartiles. n/a: not available.

Table 5 
Overview of adverse events recorded during the trial.

Overall < 6 years 6 to < 12 years 12 to < 18 years 18–75 years

N = 36 N = 3 N = 9 N = 4 N = 20

m n (%) m n (%) m n (%) m n (%) m N (%)

AE 143 27 (75) 2 2 (66.7) 33 5 (55.6) 25 3 (75.0) 83 17 (85.0)
Severe 24 12 (33.3) 0 0 3 1 (11.1) 8 3 (75.0) 13 8 (40.0)

Related 2 1 (2.8) 0 0 0 0 0 0 2 1 (5.0)
SAE 9 7 (19.4) 0 0 1 1 (11.1) 1 1 (25.0) 7 5 (25.0)

Related 0 0 0 0 0 0 0 0 0 0
AE leading to trial discontinuation 3 3 (8.3) 0 0 0 0 0 0 3 3 (15.0)
AE leading to death 1 1 (2.8) 0 0 0 0 0 0 1 1 (5.0)
Pregnancy 1 1 (2.8) 0 0 0 0 0 0 1 1 (5.0)
SAEs by PT Extradural hematoma 0 0 0 0 0 0 1 1 (5.0)

Traumatic hemorrhage 0 0 1 1 (11.1) 0 0 0 0
Iron deficiency anemia 0 0 0 0 0 0 1 1 (5.0)
Pancreatitis 0 0 0 0 0 0 1 1 (5.0)
Portal vein thrombosis 0 0 0 0 0 0 1 1 (5.0)
Hematoma muscle 0 0 0 0 1 1 (25.0) 0 0
Epilepsy 0 0 0 0 0 0 1 1 (5.0)
Menorrhagia 0 0 0 0 0 0 1 1 (5.0)
Deep vein thrombosis 0 0 0 0 0 0 1 1 (5.0)

Only treatment-emergent AEs are included. AE, adverse event. m, number of events. N/n, number of patients. PT, preferred term. SAE, serious adverse event.
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activities leading to a re-bleed in the same area. The patient was hos
pitalized for one week to ensure resting, which led to the classification as 
a SAE. Further two doses of BT524 were applied and the event was re
ported resolved afterwards. For these reasons, this adverse event was 
also not considered as having a causal relation to BT524 application.

The remaining 7 SAEs were reported in adults and comprised 
extradural hematoma, iron deficiency anemia, pancreatitis, portal vein 
thrombosis, epilepsy, menorrhagia, and deep vein thrombosis. Children 
aged <6 years did not experience any SAE.

Both thrombotic events (portal vein thrombosis and deep vein 
thrombosis) resolved with sequelae and led to premature discontinua
tion from the trial. Apart from these 2 cases, no other thromboembolic 
events were reported. In addition, one pregnancy occurred, also leading 
to trial discontinuation. Overall, there were therefore 8 cases of study 
discontinuation, four based on the described AEs, one because of with
drawal and three for other reasons (Fig. 1).

There was one patient who died before day 49 of the safety follow-up 
period due to an extradural hematoma, which occurred approximately 
one month after the last BT524 administration and was considered not 
related to trial medication.

Safety laboratory parameters, results of ECG, ultrasonography tests 
and viral safety examinations showed no clinically relevant changes and 
did not indicate any safety concerns. Moreover, in this part of the trial, 
mean values of prothrombin time (PT) and INR, aPTT, thrombin- 
antithrombin complex (TAT), and prothrombin fragment 1 + 2 (F1 +
2) were considerably lower 1 h after BT524 administration compared to 
pre-dose, corroborating that HFC infusion did not promote thrombo
genesis. The vast majority of safety laboratory parameters with 
abnormal values were not clinically significant according to the in
vestigator's judgments.

The majority of physical examination findings classified as clinically 
significant could be either explained by the underlying disease, by pa
thologies documented in patients' medical history, or represented 
repeated findings on subsequent physical examinations of the same 
patient.

The presence of neutralizing anti-fibrinogen antibodies was not 
detected in any patient by day 49 after end of FC infusion.

4. Discussion

The results of part II of this prospective, open-label, uncontrolled 
phase I/III trial investigating BT524, a novel HFC product in patients 
with congenital fibrinogen deficiency, demonstrated 98.9% efficacy and 
safety in ODT and ODP. The trial population comprised pediatric, 
adolescent and adult patients with the very rare conditions afi
brinogenemia or severe hypofibrinogenemia, who required fibrinogen 
substitution for treatment of bleedings or as a prophylactical measure in 
case of elective surgical interventions. The trial included BT524 appli
cation in both clinical settings in all patient age groups and included 
both major and minor bleeding events. Efficacy was assessed using both 
a surrogate efficacy parameter and robust clinical endpoints. One of the 
strengths of this study is that it provided data for the whole spectrum of 
patient ages, different clinical settings (ODP and ODT), and included 
both clinical endpoints (4-scale hemostatic response, blood product 
consumption, wound healing) and surrogate endpoints (FiAc, MCF) as 
well as comprehensive data on drug safety, which makes it a very 
comprehensive trial in comparison to previous studies (Supplementary 
Table 13).

The applied dosages were consistent with those reported in other 
fibrinogen supplementation trials in congenital fibrinogen deficiency 
[40,49].

Dosing for ODT of postoperative bleedings varied notably across age 
groups. In children, especially those <6 years, this variability reflects the 
very limited number of postoperative bleeding events (n = 2) and 
individualized dosing by investigators. These data should therefore be 
interpreted with caution.

In adults, a wide dose range (Q1: 49.2–Q3: 246.0) and a marked 
difference between mean and median values were largely driven by two 
outlier cases involving additional infusions based on patient-specific and 
surgical considerations. These cases affected the mean but do not sug
gest a general need for higher doses. Overall, the variability in adult 
dosing reflects individualized treatment rather than systematic trends.

The clinical effect of BT524 on bleeding activity was rated “suc
cessful” in 98.9% of treatments and was scored in nearly all cases either 
“excellent” and “good”, only two minor bleedings in adults were eval
uated as having a “moderate” effect. This is comparable with previous 
assessments of hemostatic activity using the 4-point assessment scale 
[43,47]. The effects showed no remarkable differences with regard to 
the patient age (children, adolescents and adults), the treatment indi
cation (ODP or ODT) and the severity of bleeding event (minor or 
major).

In addition to the hemostatic response, the consumption of blood 
products was low, and other fibrinogen containing products were not 
needed, which further underlines this beneficial evaluation.

Moreover, wound healing was assessed where applicable and further 
confirmed the clinical benefit of BT524 application.

Two surrogate parameters were assessed: fibrinogen activity (FiAc) 
was used to confirm the presence and catalytic activity of fibrinogen in 
the plasma after HFC infusion, and MCF as surrogate parameter was 
measured to determine the restauration of clotting activity in the pa
tients' plasma. Administration of BT524 resulted in a statistically sig
nificant restauration of both surrogate parameters. Moreover, both 
parameters showed a positive correlation, as observed in previous 
studies [38]. This demonstrated that biochemical (FiAc) and hemostatic 
activity (MCF) similarly improved, confirming the activity of BT524 
both on a biochemical level and in terms of hemostatic efficacy in 
context of its plasma activity in the patients. Overall, increase in MCF 
was similarly strong [36,38,41,56] or higher [43] in this study than in a 
previous evaluations, which may be associated with the investigated 
patients, since MCF alterations also depend on body weight [43].

In addition, an established, reproducible clinical endpoint assess
ment was used: the cessation of bleeding (hemostatic response), assessed 
by investigators using a 4-point scale (none, moderate, good, excellent).

Treatment with BT524 showed a favorable safety profile, as observed 
by the assessment of AEs. Most AEs were attributed either to clinical 
procedures or to patient's underlying diseases; only very few AEs were 
considered potentially related to HFC. These included 2 non-serious AEs, 
pyrexia and pruritus, observed in one patient, which neither led to the 
patients' discontinuation from the trial nor required any dose adjust
ment. Two thrombotic events were observed (portal vein thrombosis 
and deep vein thrombosis), neither of which was assessed as related to 
trial medication: the patient with portal vein thrombosis had undergone 
splenectomy due to spleen necrosis 10 days before diagnosis of the 
thrombosis and three days after the last HFC application; however, 
splenectomy entails a notable risk of portal vein thrombosis and occurs 
in 5%–37% of patients within two months of operation [57,58]. 
Furthermore, the patient had high thrombocyte counts and a low INR, 
which are further risk factors for portal vein thrombosis. Therefore, a 
causal association with BT524 application has been considered unlikely. 
The deep vein thrombosis occurred in a patient with additional risk 
factors for thrombosis: the patient was a heavy smoker and was hospi
talized and immobilized due to upper and lower leg paresis and showed 
increased inflammatory markers due to a gastritis and hepatitis B 
infection. Additionally, afibrinogenemia may result in increased 
thrombin levels. Altogether, these clinical circumstances likely have 
resulted in a pro-coagulant status of the patient. Nevertheless, the risk of 
thrombosis as an adverse event in HFC treatments has already been 
described [59], although its mechanism and relevance are under dis
cussion [60,61]. Its potential occurrence is already adequately reflected 
in the core summary of product characteristics of fibrinogen [50].

In rare cases, the development of neutralizing anti-fibrinogen anti
bodies after replacement therapy has been reported in the literature 
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[43,62,63]. However, such antibodies were not suspected based on 
fibrinogen recovery, and neither were they detected in any patient as 
measured by local laboratory standards in the current trial.

The favorable safety profile demonstrated in the presented trial of 
BT524 is consistent with previous clinical trials with other HFC prod
ucts, including long-term post marketing data [61]. This finding is 
furthermore corroborated by similar favorable safety results found in 
another trial investigating BT524 in patients with acquired fibrinogen 
deficiency (AdFirst study, [64]).

Trials addressing treatments of extremely rare diseases like 
congenital fibrinogen deficiency naturally entail low participant 
numbers, making it difficult to provide conclusions which are general
izable with highest certainty. To the best of our knowledge, the current 
trial included the highest participant number hitherto published (Sup
plementary Table 13). These trials comprised HFC products from four 
other manufacturers tested either in pediatric age groups [39,47,56], 
adults [45,48] or, mostly, patient groups combining children and adults 
[36–38,40,41,43,44,46], including post-authorization data [61,65]
(Supplementary Table 13).

In general, the observation that the tested HFC product in this 
comprehensive setting achieved similar findings as previous products 
underlines both the clinical benefit of HFC treatment in CFD and con
firms the safety and efficacy of BT524.

In summary, results from this trial showed that BT524 was safe, well- 
tolerated and effective for ODT (or on-demand treatment) and ODP (or 
on-demand prophylaxis) of bleeding events in adult, adolescent, and 
pediatric patients with CFD.

CRediT authorship contribution statement

Claudia Djambas Khayat: Investigation, Data curation, Writing – 
review & editing. Amal El-Beshlawy: Investigation, Data curation, 
Writing – review & editing. Naglaa Omar: Investigation, Data curation, 
Writing – review & editing. Emna Gouider Belhadjali: Investigation, 
Data curation, Writing – review & editing. Abderrahim Khelif: Inves
tigation, Data curation, Writing – review & editing. Sonia Adolf: 
Investigation, Data curation, Writing – review & editing. Wolfgang 
Miesbach: Investigation, Data curation, Writing – review & editing. 
Silke Aigner: Methodology, Formal analysis, Data curation, Conceptu
alization, Writing – review & editing. Salomon Abraha: Investigation, 
Data curation, Writing – review & editing. Joerg Schuettrumpf: Formal 
analysis, Data curation, Conceptualization, Writing – review & editing. 
Heike Boehm: Methodology, Formal analysis, Data curation, Concep
tualization, Writing – review & editing.

Funding information

This work was supported by Biotest AG, manufacturer of the human 
fibrinogen concentrate, BT524.

Declaration of competing interest

S.Ai., H.B., and S.A. are employees of Biotest. C.D.K. received 
speaker fees from CSL Behring, LFB, and Octapharma and support for 
meeting attendance from CSL Behring, Octapharma and Grifols. She is 
member of the WFH Rare bleeding disorder committee and is in the 
advisory board of the Lebanese society of Hemophiia and rare bleeding 
disorders. She received support for the present manuscript by medical 
writing, article processing charges and study material. E.G.B. received 
payments from Roche, CSL, Behring, Octopharma, Amanys Werfen and 
BPL (Kedrion) and meeting/travel supports from Roche, CSL, Octa
pharma, Cardia and Medibio, and is WFH Medical Board Member.

J.S. is employee of Grifols and executive board member at Biotest, 
and he owns employee stock options at Grifols. W.M. received grant/ 
research support/consultant from Bayer, Biotest, CSL Behring, LFB, 
Novo Nordisk, Octapharma, Pfizer, and Takeda/Shire to his institution, 

and personal payments for consulting, speaker activities, and meeting 
support from Bayer, Biomarin, Biotest, CSL Behring, Chugai, Freeline, 
LFB, Novo Nordisk, Octapharma, Pfizer, Regeneron, Roche, Sanofi, 
Takeda/Shire, uniQure. A.K., A.E.-B. and N.O. declare no conflict of 
interest.

Acknowledgment

Dr. Balkis Meddeb (Hospital Aziza Othmana, Tunis, Tunesia) 
contributed as investigator to the recruitment of patients and data 
collection for the clinical study. As she retired in the meantime, she is 
represented by her previous clinical team member Prof. Emna Gouider 
Belhadjali, also involved in the investigation. The authors also 
acknowledge the support of Dr. Judith Wessels-Kranz and Claudia 
Schulte (project management and coordination) and Angela Remy (data 
management) (all from Biotest). The authors are grateful to Eugenio 
Rosado, PhD, CMPP and Roser Mir Cantos, PhD (Grifols) for reviewing 
the manuscript and editorial support. Dr. Guido Plotz, Frankfurt, has 
provided aid by writing a manuscript draft.

Clinical trial registration

The trial is registered at the US National Institute of Health (clinicalt 
rials.gov) NCT02065882.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.thromres.2026.109616.

References

[1] J.W. Weisel, Why dysfibrinogenaemias still matter, Thromb. Haemost. 102 (2009) 
426–427, https://doi.org/10.1160/TH09-07-0432.

[2] R.I. Litvinov, J.W. Weisel, What is the biological and clinical relevance of fibrin? 
Semin. Thromb. Hemost. 42 (2016) 333–343, https://doi.org/10.1055/s-0036- 
1571342.

[3] P.J. Simpson-Haidaris, B. Rybarczyk, Tumors and fibrinogen. The role of fibrinogen 
as an extracellular matrix protein, Ann. N. Y. Acad. Sci. 936 (2001) 406–425.

[4] C. Perisanidis, A. Psyrri, E.E. Cohen, J. Engelmann, G. Heinze, B. Perisanidis, 
A. Stift, M. Filipits, G. Kornek, E. Nkenke, Prognostic role of pretreatment plasma 
fibrinogen in patients with solid tumors: a systematic review and meta-analysis, 
Cancer Treat. Rev. 41 (2015) 960–970, https://doi.org/10.1016/j. 
ctrv.2015.10.002.

[5] J.P. Luyendyk, J.G. Schoenecker, M.J. Flick, The multifaceted role of fibrinogen in 
tissue injury and inflammation, Blood 133 (2019) 511–520, https://doi.org/ 
10.1182/blood-2018-07-818211.

[6] M.A. Petersen, J.K. Ryu, K. Akassoglou, Fibrinogen in neurological diseases: 
mechanisms, imaging and therapeutics, Nat. Rev. Neurosci. 19 (2018) 283–301, 
https://doi.org/10.1038/nrn.2018.13.

[7] H. Lan, S. Zhao, Y. Xiong, X.-Z. Yan, The emerging role of fibrin(ogen) in 
cardiovascular disease, Inflamm. Res. 73 (2024) 1435–1444, https://doi.org/ 
10.1007/s00011-024-01916-2.

[8] Y.-P. Ko, M.J. Flick, Fibrinogen is at the interface of host defense and pathogen 
virulence in Staphylococcus aureus infection, Semin. Thromb. Hemost. 42 (2016) 
408–421, https://doi.org/10.1055/s-0036-1579635.

[9] V.O. Millien, W. Lu, J. Shaw, X. Yuan, G. Mak, L. Roberts, L.-Z. Song, J.M. Knight, 
C.J. Creighton, A. Luong, F. Kheradmand, D.B. Corry, Cleavage of fibrinogen by 
proteinases elicits allergic responses through Toll-like receptor 4, Science 341 
(2013) 792–796, https://doi.org/10.1126/science.1240342.

[10] A. Casini, M. Neerman-Arbez, P. de Moerloose, Heterogeneity of congenital 
afibrinogenemia, from epidemiology to clinical consequences and management, 
Blood Rev. 48 (2021) 100793, https://doi.org/10.1016/j.blre.2020.100793.

[11] R. Vilar, R.J. Fish, A. Casini, M. Neerman-Arbez, Fibrin(ogen) in human disease: 
both friend and foe, Haematologica 105 (2020) 284–296, https://doi.org/ 
10.3324/haematol.2019.236901.

[12] S. Mohsenian, R. Palla, M. Menegatti, A. Cairo, A. Lecchi, A. Casini, M. Neerman- 
Arbez, R. Asselta, S. Scardo, S.M. Siboni, J. Blatny, O. Zapletal, J.-F. Schved, 
M. Giansily-Blaizot, S. Halimeh, M.A. Daoud, H. Platokouki, H. Pergantou, R.E. 
G. Schutgens, M. van Haaften-Spoor, P. Brons, B. Laros-van Gorkom, E. van 
Pinxten, M. Borhany, N. Fatima, D. Mikovic, M. Saracevic, G.N. Özdemir, Y. Ay, 
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