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Severe hemophilia A (SHA) and B (SHB) are rare inherited bleeding disorders characterized by 

recurrent bleeds. Regular infusions with factor VIII (FVIII) or factor IX (FIX) concentrates, decreased 

bleeding rates significantly1-5. A randomized clinical trial confirmed that early FVIII prophylaxis 

significantly reduces bleeding rates and prevents joint damage in young boys with SHA compared to 

on-demand-treatment
1
. Fischer et al

6
 showed that delaying prophylaxis until after the first joint 

bleed increases bleeding rates and the risk of hemophilic arthropathy. These findings have driven 

earlier initiation of prophylaxis with coagulation factor concentrates (CFCs) in the developed 

countries7. Extended half-life (EHL) products were introduced to reduce the burden of frequent 

infusion, and maintain higher through levels. More recently, new treatment options have emerged as 

alternatives to prophylaxis with traditional CFCs, either by mimicking the effect of FVIII or by shifting 

the balance of hemostasis. Several non-replacement therapies are currently in development or have 

already received regulatory approval. However, clinical trials evaluating these new therapies often 

compare efficacy against only a limited period before switching, with patient selection potentially 

introducing bias — either due to prior suboptimal treatment or as enrollment criteria require prior 

bleeding events to demonstrate differences. Annualized bleeding rates (ABR) are the key short-term 

clinical outcome for the assessment of efficacy of any hemophilia therapy. Comparing the benefits of 

novel treatment options with those of classical prophylaxis requires valid data on bleeding rates in 

patients on full primary prophylaxis with FVIII or FIX CFCs. Yet, real-world data on ABRs on 

prophylaxis with CFCs in the western countries is lacking. Our goal was to establish reference data for 

ABRs on optimal prophylaxis with CFCs in severe hemophilia without inhibitors to serve as a 

comparator for new therapies. 

The PedNet Registry collects data from 33 hemophilia treatment centers from diagnosis onwards in 

19 countries8. The participating centers are listed in the Supplementary file.  Ethical approvals are 

obtained from local or national ethical review boards, and written informed consent is obtained from 

the parents or guardians of all participants.  

All events treated with CFCs outside prophylaxis or surgery are registered as bleeds. The present 

study, approved by the PedNet Scientific Board, includes bleeding rates in  876 patients with severe 

hemophilia (716 SHA, 160 SHB; three females), born after January 2000, without history of inhibitor 

development and on full prophylaxis until transition to non-factor therapy (emicizumab), end of 

follow-up at 18 years of age, or end of data extraction date (January 1, 2022). Start of prophylaxis is 

defined as use of CFCs in the absence of bleeding, at least three times within 15 days for at least two 

consecutive months. For SHA, full prophylaxis is defined as the administration of standard half-life 

(SHL) CFCs at least 3 times weekly or EHL CFCs at least twice a week. For SHB full prophylaxis was 
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defined as administration of SHL CFCs at least twice a week or EHL CFCs at least once weekly. Only 

patients with at least 3 months of follow-up time on full prophylaxis were included. Mean (95% 

confidence interval (CI)) ABRs and annualized joint bleeding rates (AJBRs) for treated bleeds were 

calculated using a negative binominal model. Bleeds were categorized as joint or non-joint bleeds. 

A(J)BRs were analyzed by the following age periods: start of full prophylaxis-5 years, 6-11 years, and 

12-18 years. For descriptive analyses, variables were summarized by number and percentage (%) for 

categorical variables and as median and interquartile range (P25, P75 [IQR]) for continuous variables. 

ABRs and AJBRs between patients treated with EHL and standard half-life FVIII/IX concentrates were 

compared using multivariate negative binomial regression analysis, adjusted for age at evaluation. 

Analyses were performed with Statistical Package for Statistical for the social science (SPSS) version 

29.0.1.0 for Windows (IBM Corp, 2019) and Stata/SE 13.1 for Windows (StataCorp LP, 2014). P-values 

<0.05 were considered significant. 

The median age at the start of prophylaxis was 1.31 (IQR 0.94 – 2.09) years for SHA and 1.46 (0.92 – 

2.30) for SHB. Full prophylaxis was reached at a median age of 2.44 years (IQR 1.43 – 4.51) in SHA 

and 2.03 years (1.20 – 3.16) in SHB. The total follow-up time on full prophylaxis for the whole group 

was 6223 patient-years and the median follow-up per patient was 6.67 years (IQR 3.47 – 11.01). 

Clinical characteristics of the study population are shown in Table 1.  

Table 2 presents overall bleeding rates for treated bleeds during the time on full prophylaxis, for the 

whole group and separate for SHA and SHB by age groups. Mean overall ABR for the whole group 

was 1.33 (95% CI 1.22-1.46). The AJBR was 0.40 (CI 0.35-0.45) for SHA and 0.37 (CI 0.29-0.49) for SHB. 

The ABR for non-joint bleeds was 1.35 (CI 1.23 – 1.49) for SHA and 1.25 (CI 1.00 – 1.56) for SHB. 

There were no significant differences in ABR or AJBR between SHA and SHB. Full prophylaxis did not 

prevent all life-threatening bleeds: 10 children (7 with SHA and 3 with SHB) had a life-threatening 

bleed on a full prophylaxis regimen; 4 had intracranial bleeds, 5 had iliopsoas bleeds and one had a 

pharyngeal bleed (Supplementary Table 1). Overall ABRs were highest in the youngest age group and 

decreased for the two older age groups. In the two younger age groups, non-joint bleeds dominated. 

Even in the oldest age group with SHA, non-joint bleeds were twice as common as joint bleeds. The 

oldest children with SHB had higher AJBRs at similar frequency as non-joint bleeds. Overall, 

teenagers aged 12 years and older had lower ABRs than younger children on full prophylaxis. 

During the study period, 391 children with SHA and 88 with SHB received prophylaxis with EHL 

products. The median duration of EHL prophylaxis was 1.98 years per patient (IQR 1.07–3.01, total 

follow-up of 840 patient-years) for SHA, and 1.69 years (IQR 0.97–2.50, total follow-up 165 patient-

years) for SHB. Bleeding rates for SHA observed during EHL-FVIII prophylaxis were significantly lower 
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(incidence rate ratio 0.5, p value <0.001) for both all treated bleeds and joint bleeds in all age groups 

compared to those treated with SHL-FVIII. Bleeding rates for SHL-FIX and EHL-FIX concentrates were 

comparable. (Table 3)  

Young children learning to walk frequently experience falls, and caregivers of children with severe 

hemophilia are often advised to administer extra CFC following any trauma, even in the absence of 

active bleeding symptoms. This practice likely contributed to the relatively high number of reported 

non-joint bleeds in our youngest cohort. The ABR of non-joint bleeds decreased with age and showed 

no significant difference between SHA and SHB. Children with SHB reached full prophylaxis earlier 

than those with SHA, likely due to the lower administration frequency required for FIX compared to 

FVIII concentrates. 

Although our data on A(J)BRs with EHL products is less extensive than for the entire cohort, the 

cohort on EHL product is still relatively large, with a median follow-up of nearly two years per 

patient. A recent meta-analysis9  did not find difference between bleeding rates between SHL and 

EHL products in hemophilia A while other studies10-12 have suggested lower bleeding rates with EHL 

products compared to SHL products. In our study patients with SHA appeared to benefit from EHL 

products. However, no benefit from EHL was seen for SHB, possibly due to the lower number of 

patients. 

Previous studies comparing the phenotypes between severe hemophilia A and B have been 

controversial, with some studies suggesting that HA is more severe than HB13-15. In our cohort of 

unselected patients, the A(J)BRs were very low for both SHA and SHB. Bleeding rates were 

comparable, except for a clinically non-significant increased AJBR in adolescents with SHB compared 

to adolescents with SHA. 

A key strength of our study is the extensive follow-up period, up to a median of more than 11 years 

for the oldest age group, thus providing more comprehensive prospective data on long-term 

bleeding rates. However, most bleeding events were self-reported. Extra administration of CFC 

during prophylaxis was reported as a bleed by definition. Parents are often instructed to administer 

additional CFC doses at home to prevent potential bleeds following trauma. This practice may have 

led to inflated bleeding rates.  

Several factors likely contribute to the low bleeding rates observed in our cohort. Firstly, our study 

included only children without a history of inhibitors. Second, primary prophylaxis was initiated at an 

early age for the children in our cohort, which has likely played a role in achieving these lower 

bleeding rates.  
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Our large cohort, characterized by early initiation of primary prophylaxis (median age at start of 

prophylaxis 1.31 years for SHA and 1.46 for SHB) and long-term follow-up (total follow-up time 6223 

years), is unique and provides valuable reference values for ABRs achievable with primary 

prophylaxis using CFC. We report low bleeding rates on full prophylaxis with CFCs in children with 

severe hemophilia, with mean ABR for treated bleeds at 1.3 in the entire cohort. Our findings 

establish critical data for evaluating the efficacy of emerging novel therapies in pediatric severe 

hemophilia, filling a gap in the literature where comparative data have not previously been available. 
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Table 1. Patient characteristics. 

 Hemophilia A (n=716) Hemophilia B (n=130) 

 Median (quartiles P25 – P75) 

Age at start prophylaxis 

(years)* 
1.31 (0.94 – 2.09) 1.46 (0.92 – 2.30) 

Age at start full prophylaxis 

(years)** 
2.44 (1.43-4.51) 2.03 (1.20 – 3.16) 

Age at last evaluation 

(years) 
10.3 (6.6 – 15.1) 10.4 (6.5 – 14.2) 

Total patient years on full 

prophylaxis 

 

 

5202 

 

1021 

 

Median patient years per 

patient 

6.55 (3.42 – 10.91) 

 

7.59 (3.98 – 11.60) 

 

*Start prophylaxis was defined as: The use of coagulation factor concentrates (CFC) in the absence of bleeding, at regular 

intervals for at least two consecutive months. At least once weekly for standard half-life (SHL) CFC and at least once per two 

weeks for extended half-life (EHL) CFC. 

**Full prophylaxis for severe hemophilia A was defined as administration of SHL-CFC ≥3x/week and EHL-CFC ≥2x/week and 

for severe hemophilia B: SHL-CFC ≥2x/week and EHL-CFC ≥1x/week.   
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Table 2. Annualized bleeding rates in severe hemophilia A and B during full prophylaxis according to 

age group.    

 SHA (n=716) SHB (n=130) TOTAL (n=846) p-values 

ABR joint bleeds 

(mean, CI) 
0.40 (0.35 – 0.45) 0.37 (0.29 – 0.49) 0.40 (0.35 – 0.44) 0.649 

ABR non-joint bleeds 

(mean, CI) 
0.82 (0.74 – 0.92) 0.77 (0.60 – 0.98) 0.81 (0.74 – 0.90) 0.619 

ABR all bleeds  

(mean, CI) 
1.35 (1.23 – 1.49) 1.25 (1.00 – 1.56) 1.33 (1.22 – 1.46) 0.534 

Age at start of full prophylaxis – 5 years  

N patients 

Total patient years 

Years per patient 

(median, IQR) 

579 

1742 

3.10 (1.80 – 4.13) 

 

118 

387 

3.41 (2.10 – 4.45) 

697 

2129 

3.18 (1.89 – 4.18) 

 

 

 

0.046 

ABR joint bleeds 

(mean, CI) 
0.38 (0.33 – 0.44) 0.30 (0.22 – 0.41) 0.37 (0.33 – 0.42) 0.163 

ABR non-joint bleeds 

(mean, CI) 
0.99 (0.87 – 1.11) 0.86 (0.66 – 1.13) 0.97 (0.86 – 1.08) 0.370 

ABR all bleeds 

(mean, CI) 
1.54 (1.38 – 1.72) 1.24 (0.97 – 1.59) 

1.49 (1.35 – 1.64) 0.111 

Age 6 – 11 years  

N patients 

Total patient years 

Years per patient 

(median, IQR) 

529 

2264 

4.86 (2.60 – 5.78) 

99 

435 

5.02 (3.03 – 5.81) 

628 

2699 

4.90 (2.63 – 5.78) 

 

 

0.583 

ABR joint bleeds 

(mean, CI) 
0.47 (0.41 – 0.54) 0.42 (0.31 – 0.56) 0.46 (0.41 – 0.52) 0.446 

ABR non-joint bleeds 

(median, CI) 
0.84 (0.75 – 0.95) 0.79 (0.60 – 1.03) 0.83 (0.74 – 0.93) 

0.666 

ABR all bleeds 

(median, CI) 
1.42 (1.28 – 1.58) 1.32 (1.03 – 1.69) 

1.41 (1.28 – 1.55) 0.579 

Age 12 – 18 years  

N patients 

Total patient years 

Years per patient 

(median, IQR) 

293 

1196 

4.04 (2.35 – 5.69) 

 

53 

199 

4.00 (1.65 – 5.57) 

346 

1395 

4.01 (2.14 – 5.69) 

 

 

 

0.305 

ABR joint bleeds 

(mean, CI) 
0.27 (0.23 – 0.319) 0.45 (0.317 – 0.64) 0.30 (0.26 – 0.35) 0.009 

ABR non-joint bleeds 

(mean, CI) 
0.46 (0.39 – 0.53) 0.44 (0.31 – 0.63) 0.45 (0.39 – 0.52) 0.848 

ABR all bleeds  0.78 (0.69 – 0.89) 1.03 (0.77 – 1.39) 0.82 (0.73 – 0.92) 0.083 
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(mean, CI) 

SHA, severe hemophilia A; SHB, severe hemophilia B; ABR; annualized bleeding rates; IQR denotes quartiles P25, P75; CI, 

95% confidence interval 
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Table 3. Bleeding rates in hemophilia A and B during full prophylaxis on extended half-life products 

according to age group 

 HA HB Total P 

Age at start of full prophylaxis –5 years  

N patients 113 25 138  

Total patient years 187 45 232  

Patient years per 

patient (median, IQR) 
1.33 (0.79 – 2.27) 1.66 (0.70 – 2.67) 1.42 (0.79 – 2.37) 

 

ABR joint bleeds 

(mean, CI) 
0.19 (0.12 – 0.29) 0.32 (0.15 – 0.65) 0.21 (0.14 – 0.31) 0.219 

ABR non-joint bleeds 

(mean, CI) 
0.60 (0.44 – 0.82) 0.97 (0.56 – 1.69) 0.66 (0.50 – 0.88) 0.125 

ABR all bleeds 

(mean, CI) 
0.83 (0.63 – 1.09) 1.35 (0.83 – 2.21) 0.92 (0.72 – 1.17) 0.086 

Age 6 – 11 years  

N patients 149 39 188  

Total patient years 335 76 411  

Patient years per 

patient (median, IQR) 
2.06 (1.13 – 3.04) 1.63 (1.04 – 2.57) 1.96 (1.10 –3.02)  

ABR joint bleeds 

(mean, CI) 
0.25 (0.18 – 0.35) 0.30 (0.17 – 0.54) 0.26 (0.19 – 0.35) 0.539 

ABR non-joint bleeds 

(mean, CI) 
0.56 (0.43 – 0.72) 0.92 (0.59 – 1.44) 0.62 (0.49 – 0.78) 0.054 

ABR all bleeds 

(mean, CI) 
0.85 (0.68 – 1.06) 1.35 (0.91 – 2.00) 0.93 (0.77 – 1.13) 0.044 

Age 12 – 18 years  

N patients 129 24 153  

Total patient years 318 44 362  

Patient years per 

patient (median, IQR) 
2.26 (1.47 – 3.33) 1.84 (0.93 – 2.14) 2.10 (1.41 – 3.27) 

 

ABR joint bleeds 

(mean, CI) 
0.24 (0.17 – 0.33) 0.40 (0.20 – 0.81) 0.26 (0.18 – 0.35) 0.167 

ABR non-joint bleeds 

(mean, CI) 
0.35 (0.26 – 0.47) 0.29 (0.14 – 0.60) 0.34 (0.26 – 0.45) 0.628 

ABR all bleeds  

(mean, CI) 
0.61 (0.48 – 0.79) 0.85 (0.49 – 1.48) 0.64 (0.51 – 0.81) 0.277 

SHA, severe hemophilia A; SHB, severe hemophilia B; IQR, quartiles P25, P75; ABR; annualized bleeding rates; CI, 95% 

confidence interval 
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Appendix 

The PedNet Study group members and centers 

Europe 
- MT Alvarèz Román, Unidad de Coagulopatías, Hopital Universitario La Paz, Madrid, Spain 
- O Benitez Hidalgo, Hematology Department, Hospital Universitari Vall d’Hebron, Experimental 

Hematology, Vall d’Hebron Institute of Oncology (VHIO), Vall d’Hebron Barcelona Hospital Campus, 
Barcelona, Spain 

- J Blatny, Department of Paediatric Haematology, Children’s University Hospital, Brno, Czech 
Republic (Supported by Ministry of Health, Czech Republic - conceptual development of research organization (FNBr, 
65269705)) 

- M Bührlen, Gesundheit Nord, Klinikum Bremen Mitte, Prof.-Hess-Kinderklinik, Bremen, Germany 
- M Carvalho, Immunohemotherapy Department, Congenital Coagulopathies Reference, Centro 

Hospitalar e Universitário São João, E.P.E., Porto, Portugal 
- G Castaman, Department of Heart, Lung and Vessels, Careggi University Hospital, Florence, Italy 
- H Chambost, APHM, La Timone Children’s Hospital, Center for Bleeding Disorders & Aix 

Marseille Univ, INSERM, INRA, C2VN, Marseille, France 
- A Rosa Cid, Unidad de Hemostasia y Trombosis, Hospital Universitario y Politécnico La Fe, Valencia, 

Spain 
- C Eckhardt, Van Creveld Kliniek, University Medical Center Utrecht, Utrecht, The Netherlands 
- C Escuriola-Ettingshausen, HZRM Hämophilie-Zentrum Rhein Main GmbH, Frankfurt, Germany 
- K Fischer, Van Creveld Kliniek, University Medical Center Utrecht, Utrecht, The Netherlands 
- C Van Geet, University Hospitals Leuven, Service of Pediatric Haematology, Leuven, Belgium 
- N Gretenkort Andersson, Department of Clinical Sciences, Lund University, Lund; Department of 

Pediatrics and Malmö Centre for Thrombosis and Haemostasis, Skåne University Hospital, Malmö, 
Sweden 

- S Holzhauer, Department of Pediatrics, Division of Oncology and Hematology, Charité 
Universitätsmedizin Berlin, Berlin, Germany 

- M Kartal-Kaess, Division of Pediatric Hematology & Oncology, Department of Pediatrics, 
Inselspital, University Hospital, University of Bern, Bern, Switzerland 

- R Klamroth, Charité Campus Virchow Klinikum, Klinik für Pädiatrie m.S. Onkologie und 
Hämatologie, Berlin, Germany 

- H Knudsen, Oslo University Hospital HF, Oslo, Norway 
- C Königs, University Hospital Frankfurt, Department of Paediatrics and Adolescent Medicine, 

Frankfurt, Germany  
- S Långström, New Children’s Hospital , University of Helsinki  and Helsinki University Hospital, 

Helsinki, Finland 
- V Labarque, University Hospitals Leuven, Service of Pediatric Haematology, Leuven, Belgium 
- R Ljung, Department of Clinical Sciences - Paediatrics, Lund University, Lund, Sweden 
- C Male, Department of Paediatrics, Medical University Hospital of Vienna, Vienna, Austria 
- T Stamm Mikkelsen, Department of Pediatrics, University Hospital of Aarhus at Skejby, Aarhus, 

Denmark 
- AC Molinari, Regional Reference Center for Hemorrhagic Diseases, IRCCS Instituto Giannina Gaslini, 

Genova, Italy 
- J Motwani, Department of Haematology, The Children’s Hospital, Birmingham, UK 
- B Nolan, Department of Paediatric Haematology, Children's Coagulation Centre, Children's Health 

Ireland at Crumlin, Dublin, Ireland 
- R d’Oiron, Centre de Référence de l'Hémophilie et des Maladies Hémorragiques 

Constitutionnelles, et HITh UMR_S1176 INSERM, Hopital Bicêtre, APHP Université Paris 
Saclay, Le Kremlin Bicêtre, Franc 
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- J Oldenburg, Institut für Experimentelle Hämatologie und Transfusionsmedizin, 
Universitätsklinikum Bonn, Germany 

- M Olivieri, Pediatric Thrombosis and Hemostasis Unit, Pediatric Hemophilia Center, Dr. von Hauner 
Children's Hospital, LMU Munich, Munich, Germany 

- C Oudot, Centre Regional d’Hemophilie, Centre Hospitalo Universitaire, Toulouse, France 
- H Pergantou, Haemophilia Centre/Haemostasis and Thrombosis Unit, Aghia Sophia Children’s 

Hospital, Athens, Greece 
- F Pinto, Department of Haematology, Royal Hospital for Sick Children, Yorkhill, Glasgow, UK 
- S Ranta, Pediatric Coagulation Unit, Astrid Lindgren Children’s Hospital, Karolinska University 

Hospital, Stockholm, Sweden 
- E Zápotocká, Department of Pediatric Hematology and Oncology, Prague, Czech Republic 
- Royal Hospital for Sick Children, Edinburgh, UK* 
- Universitäts-Klinik für Kinder- und Jugendheilkunde, Graz, Austria* 
- Hemophilia Comprehensive Care Centre, Great Ormond Street Hospital for Children, London, 

UK* 
- Maggiore Hospital Policlinico, A. Bianchi Bonomi Hemophilia and Thrombosis Centre, Milan, Italy*  
- Hospital General Unidad de Hemofilia, Hospitales Universitarios Virgen del Rocio, Sevilla, 

Spain* 
 
 * No longer participating as PedNet center 

 
Israel 

- S Levy-Mendelovich, National Hemophilia Center Sheba Medical center, Tel Hashomer & 
Amalia Biron Research Institute of Thrombosis & Hemostasis, Tel Aviv University, Israel 

- G Kenet, National Hemophilia Center Sheba Medical center, Tel Hashomer & Amalia Biron 
Research Institute of Thrombosis & Hemostasis, Tel Aviv University, Israel 

 
 

Canada 
- M Carcao, Division of Haematology/Oncology, Department of Paediatrics, Hospital for Sick Children, 

Toronto, Canada 
- N Mathews, Division of Hematology/Oncology, Hôpital St Justine, Montréal, Canada 
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Supplementary Table 1. Life threatening bleeds during full prophylaxis 

Patient Hemophilia type Age (years) Type of bleed 

1 A 2.4 Intracranial bleeding 

2 B 3.2 Intracranial bleeding 

3 B 3.6 Pharyngeal bleeding 

4 B 4.4 Iliopsoas muscle bleeding 

5 A 7.2 Intracranial bleeding 

6 A 8.8 Iliopsoas muscle bleeding 

7 A 9.1 Intracranial bleeding 

8 A 10.8 Iliopsoas muscle bleeding 

9 A 12.7 Iliopsoas muscle bleeding 

10 A 14.9 Iliopsoas muscle bleeding 

 




