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non-null mutations in the secondary prophylaxis setting could be considered, but 
further studies are needed. 

Health related quality of life assessment  
The EQ-5D-5L questionnaire was completed by 34 patients, 13 in the primary and 
21 in the secondary prophylaxis group. HRQoL in the entire study cohort was high 
with a median EQ-5D-5L index above 0.9 and median VAS 80. However, as shown 
in Table 10 and Figure 20, there were significant differences in the median EQ-5D-
5L Index value and EQ VAS between the younger (median age 26 years) primary 
prophylaxis group and the older (median age 45 years) secondary prophylaxis group 
with median EQ-5D-5L Index 0.9647 (0.934-0.9755) vs. 0.904 (0.8332-0.9647) (p 
= 0.022) and EQ VAS 87 (80-93.5) vs. 75 (60-82.5), (p = 0.01), respectively. 

These small but significant differences in HRQoL outcomes between the primary and 
secondary group underscore both the influence of age and the value of primary 
prophylaxis. The presence of a disability paradox, where haemophilia patients report 
higher health state evaluations than otherwise healthy peers cannot be excluded.293 
Comparable HRQoL outcomes were seen between the older delayed prophylaxis 
cohort and other published European cohorts.294,295 Furthermore, the absence of 
bleeding episodes in this cohort can be expected to exert beneficial affects against the 
development of synovitis and further progression or arthropathy89 and is another 
reflection of the benefits of individualised prophylaxis, which has been the treatment 
goal for Scandinavian patients with HA since at least the 1990s.296   

When the distinct dimensions results were dichotomised into “no problems” vs. 
“any problems”, more patients experienced problems in the secondary group in all 
dimensions (Figure 21).   

 

Figure 20. Health-related quality of life results according to prophylaxis type.  
Boxplots showing differences in EQ-5D-5L Index value and EQ VAS between the primary and 
secondary prophylaxis group.  

p = 0.001 p = 0.022 
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Figure 21. EQ-5D-5L dimension results.  
Bar chart showing dimension results of EQ-5D-5L after dichotomisation in “no problems” (level 1) and 
“any problems” (levels 2-5).   

In the dimension “pain”, 7 of 13 patients (53.8%) in the primary-, whereas 17 of 21 
(80.9%) in the secondary prophylaxis group experienced problems. This contrasted 
with the use of medication for pain management, mostly anti-inflammatory drugs 
(NSAID or COX-2 inhibitors), by two (13.3%) and seven (35%) patients in the 
primary and secondary prophylaxis group, respectively. This discrepancy between 
reported pain and use of painkillers, seen in both the primary and secondary 
prophylaxis groups may imply undertreatment of pain problems, as reported 
elsewhere.297 However, no one in the secondary prophylaxis group reported the use 
of opioids and the highest EQ-5D-5L score in the pain dimension was 3, signifying 
moderate pain even in patients with relatively advanced arthropathy. Even though 
these findings are based on few patients, they suggest the benefit of prophylaxis 
against severe pain, possibly as a result of a reduction in subclinical bleeds and 
synovitis.298,299  

Strengths and limitations  
Limitation of this study include the small sample size, which may have contributed 
to a risk of recruitment/selection bias and influenced the significance of the 
analyses, such as the impact of null vs. non-null genotype. Additionally, this study 
did not investigate how possible differences in the dosing regimens and the bleeding 
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phenotype at treatment start and over the years, may have influenced clinical 
outcomes.  

This study’s main strength was the examination of a severe HA cohort who had 
received individualised prophylaxis for many decades, with the goal of bleeding 
freedom in mind. This study was thus able to investigate the impact of non-primary 
prophylaxis on bleeding, arthropathy and HRQoL in adults, and the differences for 
younger patients on primary prophylaxis. Furthermore, this study investigated the 
impact of genotype upon the relevant clinical outcomes of factor consumption and 
arthropathy in an adult cohort, whereas previous studies primarily examined 
paediatric cohorts and the genotype’s impacts on bleeding and inhibitor 
development.51,52,300 This may prove of value with a global perspective in mind, as 
the majority of adult patients with severe HA in developing countries on FVIII 
replacement therapy have secondary prophylaxis and knowledge of the genotype 
can assist in treatment personalisation and optimising the management of economic 
resources.  

Paper IV 
Patient and treatment characteristics  
Thirty-five adult male patients treated at the comprehensive haemophilia centres in 
Malmö and Gothenburg were eligible for study inclusion and 30 patients were 
enrolled. All patients were born after 1980 and had severe HA with primary 
prophylaxis and no history of FVIII inhibitors.  

At study inclusion, the median age was 33.5 years (24.3-38 years) and median BMI 
was 24.8 (22.9-28.9). A positive family history of haemophilia was present in 11 
patients. Genetic characterisation revealed null F8 genotype in 26 patients and non-
null genotype in four patients. There was no documentation of prophylaxis 
interruption in any patient. 

Early bleeding phenotype and prophylaxis start in childhood. 
Prophylaxis with a once-weekly regimen commenced in childhood at a median age 
of 1.2 years (1-1.3 years). Transition to the full-dose escalated prophylaxis regimen 
occurred at a median age of 1.7 years (1.3-1.8 years).  

Before the initiation of prophylaxis, a median of 0 joint bleeds (0-0) and one non-
joint bleed (1-3), requiring FVIII concentrate infusion, were documented. Median 
FVIII dose at prophylaxis start was 47.8 IU/kg (33.9-54.2) with median infusion 
once weekly, as illustrated in Figure 22.  

During the period after the start of once-weekly prophylaxis and prior to the 
escalation to the final prophylaxis regimen, a median of 0 (0-0) of both joint and 
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non-joint bleeds was documented. Median FVIII dose at transition to escalated 
prophylaxis was 41.7 IU/kg (37.2-45.6) with median infusion frequency thrice 
weekly (range twice weekly to daily), signifying that most patients were on high-
dose regimens with annual FVIII consumption above 4000 IU/kg/year.32 

In 14 patients, a subcutaneous venous port (SVP) was installed, which did not 
impact the age at the start of prophylaxis (median 1.2 years with SVP vs. 1.3 years 
without). However, the presence of a SVP correlated with a significantly shorter 
time between start and escalated prophylaxis (median 0.3 years vs 0.7 years, p = 
0.024) and fewer non-joint bleeds (ρ = 0.542, p = 0.004) during that period. 
Additionally, there was significant correlation between the time from the start to 
escalated prophylaxis and the incidence of joint (ρ = 0.470, p < 0.018) and non-joint 
(ρ = 0.703, p < 0.001) bleeds, as seen in Figure 23. Higher patient age at inclusion 
correlated with higher age at transition to the final prophylaxis regimen (ρ = 0.687, 
p < 0.001).  

A shorter time to escalated prophylaxis seen in younger patients and those with SVP 
may signify changing treatment practice over time. With the finding that it shortens 
the escalation period and fewer bleeds in mind, insertion of an SVP or switch to 
non-factor replacement therapies should therefore be considered at an early stage if 
the administration of factor replacement poses a challenge. 

No impact of the F8 genotype (null vs non-null) or knowledge of positive heredity 
upon bleeding or prophylaxis start patterns was shown. The significance of these 
findings is uncertain as a result of the study’s sample size. 

Treatment characteristics in adulthood 
These data were collected at study inclusion and based on documentation at the last 
regular visit to the study centre. The median ABR was 0 (0-0) and AJBR was 0 (0-
0.2). No target joints were reported. Median annual FVIII consumption was 4277 
(3622-4672) IU/kg/year.   

Assessment of adherence to treatment was performed with VERITAS-PRO.266 
Median VERITAS-PRO score was 35 (30-42). A score < 56 was seen in 32 of 33 
patients, signifying an adherence rate of 96.9%. Best results were observed in sub-
categories of “dosing” and “skipping”; worse results were observed in “timing”, 
“remembering” and “communication” (Figure 22). 
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At their last visit, 21 patients were treated with SHL products and nine with EHL 
products (Figure 22). The median age was 34 years (31.5-39 years) vs. 25 (21-35) 
years (p=0.05) and median FVIII consumption was 4386 (3622-4672) vs. 4056 
(3441-4056) IU/kg/year for the SHL vs. EHL groups, respectively. Median ABR 
was 0 (0-0) and median HJHS was 2 for both the SHL and EHL groups. The choice 
of product type did not impact upon adherence. The high number of patients 
treated with SHL products may be explained by the influence of age in FVIII 
pharmacokinetics, which may potentiate the efficiency of treatment with SHL 
produts,144 the reluctancy of physicians and patients to implement regimen 
changes during the previous pandemic years, and some patients’ participation in 
ongoing or recently completed clinical studies with SHL products. The very low 
bleeding rates in adulthood may also be related to the cohort’s excellent adherence 
rate of 100%, as all patients had a VERITAS-PRO total score that was under the 
cut-off score of 57.283  

Joint health from childhood to adulthood 
The patients’ joint health development through the decades was examined by the 
assessment of repeated HJHS examinations performed throughout the years. HJHS 
examinations performed at 3-5 years intervals were assessed, starting at childhood 
and continuing into adulthood. As the patients’ ages spanned from 18 to 42 years at 
inclusion, the number of HJHS assessments available per patient differed, but at 
least three assessments were documented per patient. 

Joint assessments were performed using the HJHS by physiotherapists or physicians 
with experience in haemophilia. Prior to 2006, the WFH Orthopaedic Joint Score262 
was used, and those scores were converted to the corresponding HJHS by a 
physician or physiotherapist for the purposes of this study. All the assessments that 
were selected for inclusion in this study were performed at a non-bleeding state, 
according to available documentation in the medical records.  

This analysis showed that the HJHS increases slowly through the decades despite 
high-intensity primary prophylaxis. The median HJHS was 0 until the 20-25 years 
period, when it increased to a median of 1. Median HJHS continued to increase 
gradually afterwards, reaching a median of 4 at 35-40 years (Figure 24A and 24B). 
There may have been an impact of ageing on the joint outcomes of this cohort. 
Additionally, HJHS increases with age despite prophylaxis.301 However, the 
observed median HJHS of 4 at 35-40 years in the cohort is higher than that seen in 
age-matched non-haemophiliacs,302 and is likely representative of arthropathy. 
These findings show that primary prophylaxis is undoubtably effective in delaying 
the onset of haemophilic arthropathy but cannot completely prevent it. Once it has 
debuted, with time, the degree of arthropathy will gradually increase.  

Multiple significant correlations between HJHS in youths (15-20 years) and later in 
life, i.e. at 20-25 years (ρ=0.716, p<0.001), 25-30 years (ρ=0.629, p=0.02) and 35-
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40 years (ρ=0.651, p=0.022), were identified. The worst HJHS value for each patient 
correlated to their age at transition to the final prophylaxis regimen (ρ=0.498, 
p=0.007), as shown in Figure 23.  

This study’s findings thus signify the need for an early start of joint assessments, as 
they can be indicative of future joint outcomes. In contrast, bleeds prior to 
prophylaxis did not impact upon joint outcomes, which was probably caused by the 
sparsity of joint bleeds prior to prophylaxis start in this primary prophylaxis cohort. 

Evaluation of joint health was also performed by ultrasound analysis, according 
to the HEAD-US (Haemophilia Early Arthropathy Detection with Ultrasound) 
protocol.106 Twenty-six patients were evaluated at a median age of 32 years (21.5-
36). The median total HEAD-US score was 1 (0-2). The median score was 0 (0-0) 
for the elbow, knee, and ankle joints (Table 12). Bone or cartilage changes were 
identified in six right (23.1%) and five left (19.2%) ankle joints, respectively. The 
HEAD-US score correlated to HJHS at the 20-25 (ρ = 0.475, p = 0.025), 25-30 (ρ 
= 0.689, p = 0.001), 30-35 (ρ = 0.676, p=0.003), and 35-40-years periods (ρ = 
0.722, p = 0.005), as shown in Figure 23. The complete HEAD-US data are shown 
in Table 13.  

Based on the combined findings by HJHS and HEAD-US, the assessed joints were 
classified as pristine, if the joint HJHS was below four and HEAD-US did not show 
signs of bone or cartilage damage, as published previously.303 A joint with HJHS 
above four was classified as non-pristine, even if HEAD-US was not available.  

The right ankle joint was the most affected, as 76% of joints (19/25) were classified 
as pristine, whereas 84% (21/25) of left ankle, and 86.5% (45/52) of all knee joints 
were pristine. This is consistent with a recent magnetic resonance imaging (MRI) 
evaluation of a younger (mean age 23.5 years) Swedish moderate and severe 
haemophilia cohort that showed osteochondral changes in the ankle but not the knee 
joints.304 All left elbow joints (28/28) and 84.6% (22/26) of right elbow joints were 
classified as pristine. HJHS and HEAD-US have shown good inter-rater reliability 
and correlation with MRI findings of synovial hypertrophy and osteochondral 
damage, even when performed by non-radiologists.305-307 Nonetheless, our findings 
indicate that high-intensity primary prophylaxis delays arthropathy and 40% (10 of 
26) of patients in the cohort had pristine joints.

These findings show that primary prophylaxis is effective in preserving knee joint 
health, which is also supported by MRI findings from another Swedish primary 
prophylaxis cohort.304 The slightly worse findings in the right elbow were also seen 
in a recent study evaluating subjectively affected joints in a German haemophilia 
cohort,308 maybe the result of a higher percentage of right-handed persons,309 but 
this finding needs to be evaluated further. 



Fi
gu

re
 2

3.
 S

ig
ni

fic
an

t c
or

re
la

tio
ns

 b
et

w
ee

n 
cl

in
ic

al
 v

ar
ia

bl
es

 o
f p

ro
ph

ya
xl

s 
an

d 
jo

in
t o

ut
co

m
es

. 



84 

Evaluation of joint health was also performed by ultrasound analysis, according 
to the HEAD-US (Haemophilia Early Arthropathy Detection with Ultrasound) 
protocol.106 Twenty-six patients were evaluated at a median age of 32 years (21.5-
36). The median total HEAD-US score was 1 (0-2). The median score was 0 (0-0) 
for the elbow, knee, and ankle joints (Table 12). Bone or cartilage changes were 
identified in six right (23.1%) and five left (19.2%) ankle joints, respectively. The 
HEAD-US score correlated to HJHS at the 20-25 (ρ = 0.475, p = 0.025), 25-30 (ρ 
= 0.689, p = 0.001), 30-35 (ρ = 0.676, p=0.003), and 35-40-years periods (ρ = 
0.722, p = 0.005), as shown in Figure 23. The complete HEAD-US data are shown 
in Table 13.  

Based on the combined findings by HJHS and HEAD-US, the assessed joints were 
classified as pristine, if the joint HJHS was below four and HEAD-US did not show 
signs of bone or cartilage damage, as published previously.303 A joint with HJHS 
above four was classified as non-pristine, even if HEAD-US was not available.  

The right ankle joint was the most affected, as 76% of joints (19/25) were classified 
as pristine, whereas 84% (21/25) of left ankle, and 86.5% (45/52) of all knee joints 
were pristine. This is consistent with a recent magnetic resonance imaging (MRI) 
evaluation of a younger (mean age 23.5 years) Swedish moderate and severe 
haemophilia cohort that showed osteochondral changes in the ankle but not the knee 
joints.304 All left elbow joints (28/28) and 84.6% (22/26) of right elbow joints were 
classified as pristine. HJHS and HEAD-US have shown good inter-rater reliability 
and correlation with MRI findings of synovial hypertrophy and osteochondral 
damage, even when performed by non-radiologists.305-307 Nonetheless, our findings 
indicate that high-intensity primary prophylaxis delays arthropathy and 40% (10 of 
26) of patients in the cohort had pristine joints.

These findings show that primary prophylaxis is effective in preserving knee joint 
health, which is also supported by MRI findings from another Swedish primary 
prophylaxis cohort.304 The slightly worse findings in the right elbow were also seen 
in a recent study evaluating subjectively affected joints in a German haemophilia 
cohort,308 maybe the result of a higher percentage of right-handed persons,309 but 
this finding needs to be evaluated further. 
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Figures 24A and B. 
A. Median HJHS (Haemophilia Joint Health Score) development at progressive time periods of the
patients’ lives. B. Development of average value of cumulative HJHS through the years.

Five of the six patients who reported chronic pain used paracetamol or anti-
inflammatory agents, except patient #24, who also used short-acting opioids. Three 
patients underwent orthopaedical interventions, i.e. two synovectomies with Yttrium-
90 (patient #1 in the right knee at age 20 years and #26 in the right elbow at age 25 
years) and one right elbow arthroscopy with synovectomy (#27 at age 34 years).  
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Table 12. Joint health development through progressive age periods.  
Median (IQR) values.  

Joint 
HJHS in different age periods (years) HEAD-

US 
Pristine joints 

n/N (%) 5-10 10-15 15-20 20-25 25-30 30-35 35-40
Right 
elbow 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

0 
(0-1) 

0 
(0-2.5) 

0 
(0-0) 22/26 (84.6%) 

Left 
elbow 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 25/25 (100%) 

Right 
knee 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

1 
(0-1) 

1 
(0-1) 

1 
(0-1) 

0 
(0-0) 23/26 (88.4%) 

Left knee 0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

1 
(0-1) 

1 
(0-1) 

1 
(0-1) 

0 
(0-0) 22/26 (84.6%) 

Right 
ankle 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

0 
(0-1) 

1 
(0-2) 

0 
(0-0) 19/25 (76%) 

Left 
ankle 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

0 
(0-1) 

0 
(0-1) 

0 
(0-0) 21/25 (84%) 

Total 
HJHS 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

1 
(0-2) 

2 
(2-5) 

2 
(2-6) 

4       
(2-7) 

1 
(0-2) 

132/153 
(86.3,%) 

Strengths and limitations 
Limitations of this study include the retrospective design, which did not allow for 
the documentation of bleeds during the early prophylaxis period that were not 
treated with factor concentrate. Joint health was assessed with HJHS and HEAD-
US, which are dependent on operator skill.310 MRI can show haemosiderin deposits 
and detect subclinical joint bleeds, occurring in approximately 16% of severe HA 
patients despite prophylaxis311, which our study could not assess. In the HEAD-US 
analysis, they may have been some underdiagnosis of cartilage damage, possibly 
implying worse joint outcomes, despite the overall good repeatability of the HEAD-
US protocol.306 Secondary to the cohort size, this study was most likely 
underpowered to discover all significant correlations between the examined clinical 
variables and, as in a previous study,312 no mathematical correction was applied for 
multiple comparisons. Moreover, we cannot be certain that treatment patterns 
remained unchanged for all patients during their lives, which may have impacted 
upon joint outcomes.  

In contrast, a strength of this study is the well-documented assessment of joint health 
trough over a greater length of time. A thorough characterisation of the clinical 
phenotype and treatment practice was performed, both in childhood and adulthood. 
HJHS and HEAD-US are the most commonly used tools to assess joint health in 
haemophilia in clinical praxis, which strengthens the clinical relevancy of the 
findings. The assessment of adherence in a socioeconomically homogeneous cohort 
should be representative of overall Swedish practice. Additionally, the risk of 
selection bias is small, as 86.8% of eligible patients at the two centres were included. 
Finally, this study is one of the few to examine long-term outcomes in an adult 
population with primary prophylaxis. 
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Table 13. HEAD-US assessment at adulthood.  
ROM: Range of motion. B: bone changes. C: cartilage changes S: synovial hypertrophy. 

Patient ID 

Age at 
analysis 
(Years) 

Right 
elbow 

Left 
elbow 

Right 
knee Left knee 

Right 
ankle Left ankle 

Total 
Score 

1 32 0 0 0 0 8 (no 
ROM) 

0 8

2 31 0 0 1B 0 0 0 1

3 32 0 0 1B 1B 0 0 2

4 25 0 0 0 1C 0 0 1

5 37 0 0 0 0 0 0 0

6 29 0 0 0 0 0 1B 1

7 

8 31 0 0 0 0 0 1B 1

9 18 0 0 0 0 0 0 0

10 22 0 0 0 0 0 0 0

11 34 0 0 0 0 0 0 0

12 37 0 0 0 0 1B 0 0

13 18 0 0 0 0 1B 0 1

14 30 0 0 1B 1B 0 0 2

15 35 0 0 0 1B 0 0 1

16 38 0 0 0 1S 0 1S 2

17 34 1C 0 0 0 4BC 5BCS 13

18 0 0

19 

20 

21 40 7BCS 0 0 0 1C 0 8

22 21 0 0 1S 0 0 0 1

23 19 0 0 0 0 2C 1C 3

24 

25 32 0 0 0 0 0 0 0

26 32 0 0 0 0 0 0 0

27 38 4BC 0 0 0 0 0 4

28 42 0 0 0 0 0 0 0

29 18 0 0 0 0 0 0 0

30 18 0 0 0 0 0 0 0
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Conclusions  

This thesis has investigated clinical, genetic and treatment aspects of importance in 
personalising treatment in haemophilia A in the pursuit of optimised outcomes.  

In this context, this thesis assessed how heterogeneity in the genotype, clinical 
phenotype, type of prophylaxis, FVIII PK, and treatment intensity and adherence, 
impact upon the clinical outcomes of bleeding, joint health and the development of 
haemophilic arthropathy, HRQoL and FVIII concentrate consumption.   

The key findings and conclusions derived of the papers comprising this thesis are 
as follows: 

Paper I: Comparison of pharmacokinetic estimations and dose proposals by 
MyPKFiT and WAPPS-Hemo for octocog alfa (Advate) 

• MyPKFiT and WAPPS-Hemo can overcome the discordance between the
results of the Chr and OS assays in their estimations of t½ and time to target
troughs.

• MyPKFiT and WAPPS-Hemo provide similar t½ estimations for octocog
alfa, independent of the assay used (Chr or OS).

• The time to reach trough levels 1-5% was significantly longer in the
estimations made by WAPPS-Hemo, compared to MyPKFiT, which
resulted in significant differences in the dosing proposals to achieve target
troughs.

• Clinicians should be aware of these discrepancies and consider them when
making treatment decisions.

Paper II: Clinical outcomes before and after the switch to BAY 81-8973 and 
adherence rate   

• The switch from other SHL FVIII concentrates to BAY 81-8973 preserved
excellent bleeding rates with median ABR and AJBR of 0, both prior to and
after the switch, using mostly intermediate dose regimens, signalling the
importance of treatment individualisation.

• BAY 81-8975 has a favourable half-life of 15.15 hours, but there is
significant correlation to VWF:Ag levels.
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• The Oslo cohort had similar arthropathy and bleeding to the Malmö cohort,
with significantly less annual FVIII consumption compared to the Malmö
cohort, 2337 vs. 3862 IU/kg/year, respectively.

• Excellent adherence to treatment contributes to optimised bleeding
outcomes despite the presence of arthropathy.

Paper III: Impact of prophylaxis timing and F8 genotype on clinical outcomes and 
HRQoL  

• Delayed prophylaxis start in older patients with severe HA can protect
against bleeding but is correlated to more severe arthropathy and worse
HRQoL, compared to younger patients on primary prophylaxis.

• A non-null F8 genotype can predict the bleeding phenotype and may be
associated with a reduced risk of arthropathy despite less intense
prophylaxis.

• The majority of patients in Oslo were on secondary prophylaxis, whereas
most patients in Malmö were on primary prophylaxis, which contributed to
the discrepant FVIII consumption observed in Paper II.

Paper IV: Long-term joint health outcomes with primary prophylaxis and early 
prophylaxis patterns and clinical phenotype 

• Primary prophylaxis in severe HA is effective in delaying the development
of arthropathy but cannot completely prevent it from occurring.

• At prophylaxis implementation, escalation to the final regimen should occur
as soon as possible to prevent bleeds.

• Assessment of joint outcomes should begin at an early age, as a higher
HJHS in the adolescent period correlated with joint outcomes later in life.
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Epilogue 

Future perspectives - a bright tomorrow for all? 
The cover of this book depicts an impressive accomplishment: Chris Bombardier, 
who has severe haemophilia, climbed the seven summits, culminating with him 
standing on the peak of Mount Everest in Nepal. This feat was made possible by 
human willpower and modern haemophilia therapy, which Mr Bombardier, who 
comes from the United States of America, has had access to all his life. However, 
such a feat is out of reach for the PwH who live in Nepal today. They, and many 
more PwH in developing nations, are suboptimally treated and their lives are 
affected by significant risk of bleeding and arthropathy. Approximately 75% of 
PwH living in low Human Development Index countries receive inadequate 
treatment.313 Only 8% and 15% of the PwH living in Africa and South-East Asia, 
respectively, even receive a diagnosis.314 For many PwH in developing countries, 
haemophilia is a life sentence.  

Acknowledgement of this inequality was one of the reasons for the creation of the 
WFH in the 1960s.315 Educational programmes and WFH-shepherded twinning 
programs aim to educate medical personal in developing countries, aiming to 
improve haemophilia management.316,317  

Through aid programmes, PwH living in low and low-middle income countries have 
gained access to factor concentrates, and, more recently, novel therapies, such as 
FVIII-mimetics.318 By the benefit of ease of administration, novel therapies can 
reduce the burden of disease for patients and/or their caregivers, while 
simultaneously relieving the strain in the usually scarce health-care resources of 
developing countries.319 Novel therapies are, however, very expensive and presently 
out of reach for PwH in low-income countries, outside the setting of aid 
programmes. At present, low dose prophylaxis with both SHL and EHL products is 
a more financially viable, though imperfect, option for low- and lower-middle 
income countries.320-322 Population PK tools such as MyPKFiT and WAPPS-Hemo 
can assist in the personalisation of these treatments, thus efficiently managing the 
available recourses and optimising outcomes. Knowledge of the underlying 
arthropathy and F8 genotype could help identify patients for whom treatment 
intensity could be adjusted safely while still providing protection from bleeds, as 
the findings in this thesis suggest. However, this thesis has shown the benefits of 
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primary prophylaxis of high intensity. Low-dose prophylaxis must therefore be 
considered as a solution of necessity, which we should not be content with. 

People living with HA in developed countries have access to modern effective factor 
replacement therapy. Many have already switched to non-factor replacement 
therapy with emicizumab, and additional treatments are incoming. Gene therapy has 
altered the lives of some PwH, relieving them from the burden of factor infusions. 
However, with a global perspective in mind, the reality is that many PwH today do 
not have access to sufficient treatment to prevent bleeding and delay the progress of 
arthropathy.  

Therefore, the hope of optimised outcomes for all PwH once again must reside on 
medical progress. The arrival of the novel treatments, such as FVIII mimetics, 
rebalancing agents, and gene therapy, is causing a paradigm shift in haemophilia 
care of the same magnitude as when Professor Nilsson first introduced factor 
replacement prophylaxis in Malmö. Additionally, the lowering of the cost of factor 
concentrates would make treatment of adequate intensity available to all PwH 
regardless of where they live. There is, therefore, reason for optimism that both 
future generations and PwH living with the disease today will be able to reap the 
benefits of today’s advancements.  

The pursuit of effective personalised treatment providing freedom from bleeds and 
healthy joints for all people with haemophilia lives on.  
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Populärvetenskaplig sammanfattning 

Hemofili A är den vanligaste formen av klassisk blödarsjuka och orsakas av 
medfödd brist på en koagulationsfaktor som heter faktor VIII (FVIII), vilket är att 
äggviteämne som behövs för att kroppen ska kunna stoppa och förebygga 
blödningar. Sjukdomen ärvs könsbundet recessivt och drabbar företrädesvis män. 
Det uppskattas att cirka 1 av 5000 pojkar föds med hemofili A. 
Blödningsbenägenheten vid hemofili A är framför allt beroende på nivån av FVIII 
i blodet. Hemofili A klassificeras som svår om FVIII-nivå ligger under 1%, det vill 
säga omätbart lågt, moderat vid FVIII nivå 1–5%, och mild vid FVIII nivå 5–40%.  

Patienter med svår hemofili A har störst risk för spontana blödningar, följt av de 
allvarligare formerna av moderat hemofili. Svår hemofili A kännetecknas framför 
allt av blödningar i leder och muskulatur, vilket kan uppträda spontant eller utan 
tydligt trauma. De leder som framför allt kan drabbas av blödning är armbågarna, 
knäna och anklarna. Ledblödningar brukar uppkomma med debut vid cirka ett års 
ålder, i anslutning till att barnet börjar gå, och kan successivt leda till ledskador, 
med förändringar i ledkapseln, brosk och ben och tilltagande påverkan i ledernas 
mobilitet och funktion. Genom att höja nivåerna av FVIII med profylaktisk 
substitutionsbehandling kan man reducera blödningarna och på så vis försöka 
bevara ledhälsan.  

Sverige har varit ett föregångsland när det gäller denna typ av behandling och i 
dagsläget erbjuds alla hemofilipatienter med svårare former av sjukdomen profylax 
med början vid cirka ett års ålder. I enighet med tidigare observation att patienter 
med FVIII> 1% hade färre blödningar och bättre ledhälsa jämfört med patienterna 
med FVIII <1%, har behandlingsmålet under decennier varit att upprätthålla en 
lägsta nivå av faktorn (s.k. trough) kring 1% efter infusion. Denna nivå räcker dock 
inte för att skydda alla mot blödningar. Patienterna brukar ta extra faktorbehandling 
vid manifest eller misstänkt blödning men subkliniska blödningar, dvs små 
blödningar som inte ger upphov till smärta eller symtom, noteras ej och blir därmed 
ej åtgärdade med extra faktorbehandling. Detta innebär att även patienter som haft 
profylaktisk behandling sedan barndomen riskerar att utveckla ledskador under 
livet.  

Med hjälp av farmakokinetik (PK) kan man undersöka omsättningen av FVIII i 
kroppen efter administration av FVIII-innehållande läkemedel. Farmakokinetiken 
varierar mellan olika individer, vilket innebär att samma dos av faktor VIII kan ge 
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varierande skydd från patient till patient. En farmakokinetisk beräkning har genom 
åren krävt en omfattande provtagning och har därför varit svår att använda i klinisk 
praxis. En mer förenklad metod som heter populationsbaserad PK behöver endast 
enstaka provtagningar för att kunna beräkna individens PK-profil, det vill säga hur 
FVIII omsättes hos den enskilde patienten.  Intresset har därför ökat för hur 
farmakokinetiken kan utnyttjas tillsammans med kunskap av patientens kliniska 
sjukdomsbild för att skräddarsy behandlingen för varje patient i syfte att optimera 
behandlingens effektivitet och tillåta bästa möjliga nyttjandet av tillgängliga 
resurser.  

Denna avhandling syftar till att genom kartläggning av kliniska panoramat och 
behandlingen vid hemofili A (kunskap om blödningsbilden vid barndom och vuxen 
ålder, kartläggning av ledhälsan hos olika patientgrupper, följsamhet till behandling, 
hälsorelaterad livskvalitet, och underliggande genetiska förändringar) samt 
farmakokinetiska analyser efter infusion av FVIII-preparat, öka kunskapen om 
hemofili A, med målet att individanpassa och optimera behandlingen.  

Avhandlingen bygger på tre delarbeten som givit upphov till fyra artiklar.  

Delarbete I ligger till grund för artikel I och bygger på jämförelsen av 
farmakokinetiska beräkningar av två populationsbaserade verktyg, MyPKFiT and 
WAPPS-Hemo, på patienter med svår hemofili A som behandlades med FVIII 
produkten octocog alfa. Provtagning avseende FVIII nivåerna genomfördes med 
hjälp av två olika laboratorieanalyser, den s.k. kromogeniska analysen och 
enstegsanalysen. Vi upptäckte att trots signifikanta skillnader i resultaten av dessa 
två metoder kunde båda MyPKFiT och WAPPS-Hemo övervinna dessa skillnader 
vid sina PK-beräkningar, vilket betyder att MyPKFiT och WAPPS-Hemo 
genererade likvärdiga resultat, oberoende av analysmetoden. MyPKFiT och 
WAPPS-Hemo gjorde likvärdiga beräkningar vad gäller halveringstiden av octocog 
alfa, vilket betyder tiden det tar för halva mängden av läkemedlet att lämna kroppen. 
Det blev däremot signifikanta skillnader mellan de beräkningarna av MyPKFiT and 
WAPPS-Hemo i estimerade tiden tills FVIII nivåerna skulle sjunka till en trough av 
1%, d.v.s. lägsta nivån inför nästa infusion av octocog alfa.  

Signifikanta skillnader, dock mindre uttalade, fanns även vad gäller beräkningarna 
för trough 2%, 3% och 5%. Enligt WAPPS-Hemo skulle det ta längre tid för FVIII 
nivåerna att sjunka till lägsta nivån. MyPKFiT beräknade konsekvent att det skulle 
ta kortare tid att nå FVIII-trough. Som följd, WAPPS-Hemo beräknande att det 
skulle krävas signifikant lägre doser av octocog alfa för att uppnå samma FVIII-
nivåer i blodet, jämfört med MyPKFiT, vilket skulle kunna påverka behandlingen.  

Delarbete II gav upphov till artiklar II och III i avhandlingen. I denna studie 
inkluderades patienter med svår och moderat Hemofili A, som behandlades på 
hemofilicentra i Malmö, Sverige och Oslo, Norge. De inkluderade patienterna 
behandlades tidigare med annat FVIII produkt men genomgick behandlingsbyte till 
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FVIII produkten BAY 81–8973, antingen före studien eller under tiden studien 
pågick.  

I artikel II undersöktes huruvida bytet till BAY 81–8973 påverkade 
behandlingsresultaten avseende blödningar, ledskador, och konsumtion av FVIII-
produkt. Patientens följsamhet till behandlingen kartlagdes. Analysen visade att 
patienterna hade median ABR 0 (årlig blödningsincidens för alla blödningar) och 
median AJBR 0 (årlig blödningsincidens för ledblödningar) före och efter bytet till 
BAY 81–8973, trots förekomst av ledskador i gruppen och måttlig 
behandlingsintensitet, avseende doseringen av FVIII-läkemedel. Följsamhet till 
behandling var mycket bra, vilket sannolikt bidrog till de goda resultaten. Vid 
jämförelse av resultaten mellan patienterna med svår hemofili A som behandlades i 
Malmö respektive Oslo visade studien att patienterna i Oslo använde signifikant 
lägre FVIII-läkemedel jämfört med patienterna i Malmö, men hade trots detta 
liknande blödningsfrekvens (median ABR 0) samt grad av ledskador. Ett intressant 
fynd som borde undersökas vidare.  

Målet med artikel III var därför att ytterligare undersöka orsakerna bakom fyndet 
att patienterna i Oslo hade lägre FVIII-konsumtion än patienterna i Malmö vid 
analysen i artikel II, men samtidigt liknande frekvens av blödningar och samma grad 
av ledskador. Vi upptäckte att 15 av 20 patienter i Oslo behandlades med s.k. 
sekundär profylax, det vill säga profylaktisk behandling som påbörjades efter tre års 
ålder eller efter mer än två ledblödningar. De flesta patienterna i Malmö hade 
däremot primär profylax, vilket påbörjades före tre års åldern och innan patienterna 
fick två ledblödningar. Analysen visade att primär profylax är kopplad till bättre 
ledhälsa och hälsorelaterad livskvalitet än sekundär profylax. Patienter på sekundär 
profylax hade emellertid liknande frekvens av blödningsepisoder och ledblödningar, 
trots signifikant lägre årlig FVIII konsumtion än primär-profylax gruppen.  

Detta talar för att man kan optimera behandlingen i gruppen av sekundär profylax 
och möjligtvis sänka intensiteten (doseringen) av behandlingen, utan att öka risken 
för blödningar, vilket kan bidra till ökad kostnadseffektivitet. Eftersom de flesta 
patienterna i Oslo hade sekundär profylax var detta en stark bidragande faktor till 
skillnaden i FVIII konsumtion som noterades i artikel II. I studien utfördes även 
analys av bakomliggande genetiska förändringar och hur dessa kan påverka kliniska 
bilden. Alla patienter som analyserades för artikel III hade svår hemofili A med 
habituella FVIII-nivåer under 1%.  Det finns dock olika sorters genvarianter som 
kan orsaka hemofili. Analysen visade att en grupp av genvarianter som kallas ”non-
null” (vilket innebär att spår av FVIII kan finnas kvar i blodet) kan potentiellt tillåta 
lägre FVIII konsumtion, utan ökad blödningsrisk eller ledskador, jämfört med 
”null” genvarianter (där produktionen av FVIII har upphört helt), hos vuxna 
patienter med sekundär profylax. Vetskap om patienternas bakomliggande genetik 
skulle därför kunna användas för att ytterligare optimera behandlingen. 
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Delarbete III ligger till grund för artikel IV, vars syfte var att kartlägga ledhälsan 
hos en grupp av vuxna patienter med svår hemofili A som var födda efter 1980 och 
behandlades på hemofilicentra i Malmö och Göteborg. Alla patienterna hade haft 
primär profylax sedan barndomen och utan anamnes av genomgången eller aktuell 
inhibitorisk antikropp mot FVIII, vilket kan utvecklas under behandling och 
negativt påverka dess effektivitet. Undersökningen av leder med fysioterapeutisk 
och ultraljudsanalys visade att primär profylax är effektiv på att fördröja debuten av 
artropati men kan inte helt förebygga dess utveckling. Utvärderingen av ledhälsan 
behöver därför påbörjas tidigt. Studien undersökte också blödningar inför och under 
startperioden av profylaktisk behandling vid barndom och upptäckte att 
behandlingen bör övergå till full-dos regim minst två gånger per vecka så snart som 
möjligt för att effektivt kunna förebygga blödningar.  

Denna avhandling har således undersökt kliniska, farmakokinetiska, genetiska och 
behandlingsrelaterade aspekter av hemofili A som behövs för att individanpassa 
behandlingen och erbjuda bästa möjliga vård till personerna som lever med denna 
sjukdom.  
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Abstract
Introduction: MyPKFiT and the Web-Accessible Population Pharmacokinetic 
service—Hemophilia (WAPPS-Hemo) are web-based population-based applications 
developed for helping physicians individualize and optimize replacement therapy. 
Although MyPKFiT is intended for Octocog alfa and Rurioctocog alfa pegol use only, 
the WAPPS-Hemo is applicable to all factor VIII concentrates.
Aim: To compare MyPKFiT and WAPPS-Hemo as dosing tools for optimizing treat-
ment of patients with severe haemophilia A on regular prophylaxis with Octocog alfa 
in a real-world setting.
Methods: Fourteen patients with severe haemophilia A (median age 30.8 years; range 
20–71) were enrolled. The FVIII activity was measured twice after a regular dose of 
Octocog alfa by the chromogenic and the one-stage assays. PK analyses were per-
formed using each tool and dosing estimations to reach trough levels of 1%, 3% or 5% 
after 48 h. Findings were calculated and compared.
Results: The two PK algorithms yielded similar t½ independent of the type of FVIII 
assay used. However, there were significant differences in the time to reach 1%, 3% 
and 5%. The WAPPS-Hemo generated 10–12 h longer time to a trough of 1% and up to 
4 h for the troughs of 3% and 5%. Accordingly, the doses estimated by WAPPS-Hemo 
for a daily regimen were between 28% and 100% of those proposed by MyPKFiT.
Conclusions: MyPKFiT and WAPPS-Hemo provided similar half-life estimations for 
Octocog alfa independent of the FVIII assay used. The doses suggested by WAPPS-
Hemo to reach specific troughs were overall lower, which may have implications for 
treatment optimization.

K E Y W O R D S
Advate, haemophilia, MyPKFiT, Octocog alfa, population pharmacokinetics, WAPPS-Hemo
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1  |  INTRODUC TION

Factor VIII (FVIII) prophylaxis has been the mainstay of treatment for 
severe haemophilia A for many decades.1 Different dosing schedules 
have been used with significant reductions in the bleeding rate, but 
usually at high cost.2 Importantly, however, the relationship between 
treatment provided and bleeding phenotype is not absolute, and 
large interpatient variability in pharmacokinetic parameters exists 
providing an obstacle to a ‘one size fits all’ prophylaxis regimen.3,4

Individualization and optimization of treatment by Bayesian phar-
macokinetics, for example population-based assessment, has shown 
to be a useful approach without the demanding sampling require-
ments of conventional single-subject full PK analysis.3,5 The Bayesian 
approach not only reduces the need for samples, but also minimizes 
the inter-individual variability by including covariates such as age, 
weight and the von Willebrand factor levels in a multivariable model 
of a relevant patient population.6 Usually, only 2–3 samples from be-
tween 4 and 48  h post-infusion are required for standard half-life 
FVIII products and even single samples have been evaluated.5,7

The MyPKFiT and the Web-Accessible Population 
Pharmacokinetic service—Hemophilia (WAPPS-Hemo) are web-
based population-based applications developed to assist clinicians 
in making treatment decisions. MyPKFiT was initially for use in con-
junction with Octocog alfa (Advate, Takeda Pharma) only, but more 
recently for the pegylated form of this molecule (rurioctocog alfa 
pegol, Adynovi, Takeda Pharma) also. WAPPS-Hemo, however, can 
be used for all currently available replacement products. Estimated 
dosing and administration frequency to achieve specific target levels 
are provided for each. There are limited data about potential differ-
ences in outcome for the tools.8 As clinicians and centres may use 
different methods, it is therefore of importance to evaluate whether 
PK algorithms using the same core data generate different estimates.

The MyPKFiT algorithm has been shown to be effective in op-
timizing clinical outcomes and factor consumption using either 
chromogenic or one-stage FVIII assays.9-11 Whether inter-assay 
discrepancies impact outcome and therapeutic decision-making has 
not been fully evaluated.12 The same is true for the WAPPS-Hemo.13

This study was designed to compare the generated PK profiles 
and dosing estimations by MyPKFiT and WAPPS-Hemo using chro-
mogenic as well as one-stage assays for the optimization of prophy-
laxis in children and adult patients with severe haemophilia A treated 
with Octocog alfa.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

This is a non-randomized, non-intervention, open-label single-
centre cohort study enrolling 18 persons with severe haemophilia 
A (FVIII:C < 1 IU/dl) on regular prophylaxis with Octocog alfa, a re-
combinant antihaemophilic FVIII indicated for use in children and 
adults with haemophilia A. The study was conducted between May 

2017 and October 2018. To be eligible, patients must have had more 
than 50 exposure days (EDs) to factor replacement and be without a 
history of inhibitory FVIII antibodies, as measured by the Nijmegen-
modified Bethesda assay. Any patient treated with another FVIII 
product during the prior 30 days was excluded. Two patients with-
drew during the course of the study, and in two patients, adequate 
sampling within the time frame defined for PK analysis could not be 
achieved. Therefore, the final analyses included 14 patients.

2.2  |  Factor VIII and VWF:Ag assays

Factor VIII and VWF:Ag levels were estimated at the local coagu-
lation laboratory at Labmedicin Skåne with the BCS-XP analyser 
(Siemens Healthcare Diagnostics) according to the manufacturer's 
instructions for both the chromogenic and one-stage methods. 
The one-stage assay was performed with the PTT-Automat (Stago), 
whereas the chromogenic assay was performed with the Coatest rea-
gent (Chromogenix) according to local guidelines. The VWF:Ag assay 
(Siemens Healthcare) was used for assessment of VWF:Ag levels.

2.3  |  Pharmacokinetic analyses

WAPPS-Hemo and MyPKFiT are two-compartment models that use 
dense PK sampling data as the basis for the Octocog alfa PK model. 
The MyPKFiT model is based on a population of 152 patients, with 
age as a covariate.14 The corresponding WAPPS-Hemo model is 
based on 79 patients with fat-free mass and age as covariates for the 
one-stage assay.15 For the chromogenic assay, WAPPS-Hemo uses 
a brand-specific model derived from 91 patients with fat-free mass 
and age as covariates.16 For the PK assessments, baseline FVIII ac-
tivity, year and quarter of birth (age), body weight (BW) and height, 
timing of the last two administered doses of Octocog alfa, as well as 
the infused dose in IU, were collected. The dosing regimen for each 
patient was at the discretion of the treating physician. Following a 
regular prophylactic dose with no wash-out, two post-infusion sam-
ples were collected from each patient in citrated 4.5 ml tubes, cen-
trifuged and processed at the coagulation laboratory in Malmö. The 
first sample was taken 4–9 h post-infusion and the second sample 
25–31 h after the same infusion. Information about the date, time 
and dose of the latest two infusions was introduced to both algo-
rithms. The MyPKFiT algorithm allows the treating physician to de-
termine which blood samples and/or prior PK assessments to use in 
each evaluation,6 while WAPPS-Hemo allows the patients to merge 
different infusions in a combined analysis.17 In one patient (#8), for 
logistical reasons, two different infusions administered within the 
same year were used for sampling. There were no discrepancies in 
weight or height and no signs of concomitant infection or inflamma-
tory processes at the time of either sampling. Dosing estimates tar-
geting a trough of 1% in IU/kg BW with an infusion interval of 48 h 
independent of the current prophylactic regimen were calculated for 
comparison. The dose provided was also rounded up or down to the 
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nearest commercially available vial size of Octocog alfa provided the 
dose was decreased by <1 U/kg of the patient's BW compared to 
the estimated exact dose. In order to perform comparisons between 
MyPKFiT and WAPPS-Hemo, the same doses, infusion times, post-
infusion samples and clinical parameters were used.

2.4  |  Clinical data

Data including the annual bleeding rate (ABR), annual joint bleed-
ing rate (AJBR), presence or absence of a target joint defined as ≥3 
bleeding episodes in the same joint in the prior 6 months and use 
of any relevant concomitant medication(s) were documented. The 
ABR and AJBR were defined as the number of reported bleeding 
episodes and joint bleeding episodes divided by the observation pe-
riod in months multiplied by 12. The bleeding events were collected 
retrospectively for the 6–8 month period preceding the study visit 
and used to calculate the bleeding rates. Joint health was assessed 
by the physiotherapist at the haemophilia centre according to the 
Hemophilia Joint Health Score (HJHS) version 2.1.18 HJHS total 
scores range from 0 to 124, with higher scores indicating worse joint 
status. No patients with arthroplasty were included.

2.5  |  Statistical analysis

Descriptive statistics were used. Median and interquartile ranges 
(IQR; 25th-75th percentile) describe continuous variables. The 
Wilcoxon signed rank test for paired non-parametric variables 
and the Spearman's correlation test were performed using SPSS 

software, version 25 (SPSS). A p-value of <.05 was considered sta-
tistically significant.

2.6  |  Ethics

The study was approved by the Regional Ethics Review Board of 
Lund University, Lund, Sweden. The study subject or his legal rep-
resentative provided written informed consent before entering the 
study.

3  |  RESULTS

3.1  |  Patient and treatment characteristics

Fourteen adult patients on regular prophylaxis with Octocog alfa 
were included in the final analyses. Baseline clinical characteristics 
and demographics are shown in Table 1.

The median age was 38 years (IQR 30.8–48.5), and the median 
BMI was 25.6 kg/m2 (IQR 23.4–27.6). The regular dose of Octocog 
alfa was between 17.4 and 28.8 IU/kg with a median dose of 24.4 IU/
kg. Two patients received daily infusions, whereas the others had 
infusions every other day (N = 7), three times weekly (N = 3) or less 
frequent and/or flexible (N = 2). None of the patients had a history 
of inhibitory antibodies against FVIII. The median ABR and AJBR 
were, in both cases, 0 (IQR 0–1.3). Two patients (patient #3 and #8) 
reported spontaneous bleeding events despite FVIII trough levels 
of 14 and 2%, respectively. Two additional subjects reported sin-
gle traumatic joint bleeding with trough levels of <1 and 2%. The 

TA B L E  1  Patient characteristics

Pat ID
Age 
(years)

BMI (kg/
m2)

Regular total 
dose (IU)

Regular dose 
(IU/kg)

Regular dosing 
interval ABR AJBR

HJHS 
score

1 30 21.8 2000 24.4 EOD 0 0 4

2 41 37.1 3000 26.1 M/TH 1 (T) 0 18

3 67 17.2 1500 28.8 Daily 4 (2 T,2S) 4 (2 T,2S) 38

4 31 28.1 2000 21.3 EOD 0 0 2

5 53 26.1 2000 25 3 times weekly 1 (T) 0 28

6 71 26.2 1500 18.1 Daily 0 0 47

7 31 23.7 2000 26.7 3 times weekly 0 0 14

8 47 24.5 2000 24.4 EOD 5 (5S) 5 (5S) 47

9 43 31.9 2000 17.4 3 times weekly 0 0 4

10 31 26.1 2000 27.8 EOD 0 0 6

11 35 23.7 2000 24.4 EOD 2 (2 T) 2 (2 T) 5

12 42 25.2 2000 22.2 EOD 0 0 2

13 27 22.7 1500 18.3 M/TH 1 (T) 1 (T) 1

14 20 27.5 2000 22.3 EOD 0 0 18

Note: None of the patients had a target joint.
Abbreviations: ABR, annual bleeding rate; AJBR, annual joint bleeding rate; BMI, body mass index; EOD, every other day; HJHS, Hemophilia Joint 
Health Score; M/TH, Monday and Thursday; S, spontaneous; T, traumatic.
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remaining 10 (71.4%) patients experienced no joint bleeding during 
the study period. None had target joints.

The joint health scores for each patient are shown in Table 1. The 
HJHS revealed significant arthropathy in seven of 14 patients with 
scores ranging from 14 to 47. Two of the three subjects with ABR 
≥4 also had relatively high HJHS scores. Patients with high scores 
exhibited variation in their trough levels, from 1% to 14% calculated 
by MyPKFiT and 1%–18% by WAPPS-Hemo, as well as bleeding 
phenotype. The majority of the patients were over 40 years of age. 
The median HJHS score was 10 (IQR 3.5–30.5). Those with higher 
HJHS scores primarily exhibited crepitations in multiple joints, de-
creased muscle strength and joint motility and, in some instances, 
muscle atrophy, mainly in the biceps and quadriceps muscles.

The median FVIII level at the first sampling point was 34% (IQR 
27–39) with the one-stage method and 43% (IQR 37–52) with the 
chromogenic method (p  =  .001; Table  2). The corresponding FVIII 
levels measured 25–31 h post-infusion were 7% (IQR 5.8–9) and 8% 
(IQR 6–10), respectively.

3.2  |  Comparison of the PK outcome with 
MyPKFiT and WAPPS-Hemo

MyPKFiT and WAPPS-Hemo yielded similar t½, independent of 
the type of FVIII assay used (Table S1), despite the significant assay 
discrepancy at the first sampling point. The median t½ value ranged 
from 10.5 to 11.2 h in all settings. All patients had VWF:Ag lev-
els within normal range at the time of sampling (Table S1) and the 
t½ correlated to the actual VWF:Ag level at the time of sampling 
(not shown). The calculated times to a specific trough level were, 
overall, slightly longer for both MyPKFiT and WAPPS-Hemo when 
using the chromogenic FVIII method compared to the one-stage, 
but the differences were not statistically significant (Table S2).

Only minor discrepancies in the calculated t½ were observed 
between the two population-based PK algorithms using either 
the chromogenic or the one-stage assay (Table 3). The median t½ 
calculated with the chromogenic assay was 11.2  h for WAPPS-
Hemo and 10.5 h with MyPKFiT. When the one-stage assay was 
used, the median t½ was 11.1 h for WAPPS-Hemo and 10.5 h for 
MyPKFiT. None of these differences were statistically significant. 
With respect to the time to a trough of 1%, 2% and 5%, however, 
significant differences were observed with WAPPS-Hemo exhibit-
ing longer time to the various troughs regardless of the assay used 
(Table  3). In the case of troughs of 3% and 5%, the differences 
were ≤4  h and may be less clinically important. However, for a 
trough of 1%, the differences were between 10 and 12 h, which 
could impact clinical management.

3.3  |  Dosing estimations

Dosing estimates in IU/kg BW to reach a FVIII trough level of 1% 
after 48 h using an every other day regimen based on either the 

one-stage or the chromogenic assay are shown in Table 4. Overall, 
the WAPPS-Hemo system provided generally lower dose esti-
mates than MyPKFiT in all patients independent of the assay used. 
The doses suggested were on average 50% of those calculated by 
MyPKFiT.

The estimated doses in IU/kg BW were also rounded up or down 
to the nearest vial size of Octocog alfa with a focus on the six pa-
tients reporting bleeding episodes shown in Table 1. In one of these 
patients (#3), both traumatic and spontaneous bleeding episodes 
were reported despite daily treatment and a high estimated trough 
of 14%. The remaining five patients had troughs <3%. Dosing es-
timates by each algorithm targeting trough levels of either 3% or 
5% with an every other day regimen for these patients using the 
commercially available vial sizes are shown in Table 5. The doses es-
timated by WAPPS-Hemo were on average 70% of those estimated 
by MyPKFiT for both troughs of 3% and 5%, but varied between 
40% and 100%, that is the same amount.

4  |  DISCUSSION

The aim of this study was to compare the outcomes of two 
population-based PK algorithms for optimizing prophylactic treat-
ment with a relatively broad sampling window that should be 
practical in the clinical setting and accommodate the life and work 
demands of the patient. We also wanted to evaluate any potential 
impact of the FVIII assay used. To this end, we studied a cohort of 
patients treated with Octocog alfa and prophylaxis for many years. 
Several of the patients had severe haemophilic arthropathy, but 
did not experience any bleeding episodes. However, six patients 
reported bleeding while on prophylaxis and in five of these cases 
the trough levels were from <1% to 2.2%, indicating a need for a 
revision in treatment and/or higher trough levels.19,20 In the remain-
ing patient (#3), both traumatic and spontaneous bleeding episodes 
were reported despite daily treatment and a high trough. The reason 
for this is not clear, but may partly be due to either synovitis, with 
an increased bleeding tendency, and/or the difficulties in identifying 
actual bleeds versus symptoms of arthropathy.

Despite significant discordances between the chromogenic and 
one-stage assays as previously described,21,22 the two methods 
generated similar results for the half-life and time intervals to reach 
troughs of 1%, 2% and 5%, respectively, which is both important and 
promising. On the other hand, we observed significant differences 
when comparing the two PK algorithms regarding time to reach a 
specific trough level for each type of FVIII assay. In the majority of 
cases, the difference was up to 4 h, which may be less clinically im-
portant. For a trough of 1%, however, this difference was as great as 
10–12 h, which could impact clinical management. In addition, we 
observed major differences in the dosing estimates by each PK tool 
for reaching a specific trough level—and not only for the trough of 
1% (Tables 4 and 5). According to these estimations, more or less all 
of our patients would consume significantly more FVIII concentrate 
based on the proposals provided by MyPKFiT compared to those of 

 13652516, 2021, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.14295 by A

lexandros A
rvanitakis - L

und U
niversity , W

iley O
nline L

ibrary on [23/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  421ARVANITAKIS et al.

WAPPS-Hemo. This was true for the patients in our study report-
ing bleeds while on their present treatment and a need for revised 
schedules. Among the five cases with current troughs below 3%, 
the annual consumption required to reach a trough of 3% using an 
every other day infusion schedule based on the commercially avail-
able vial sizes would be 2.69 x 106 and 1.87 x 106 IU for MyPKFiT 
and WAPPS-Hemo, respectively, based on the chromogenic assay, 
and 4.43 x 106 and 3.47 x 106 IU to reach a trough of 5% (Table 5). 
The reasons for these major differences are not clear, but may be 
multifactorial. As both algorithms are population PK-based, the 
extent of interpatient variability within the Bayesian analysis may 
influence the outcomes. The estimated baseline level and/or the 

pre-infusion levels may also impact the calculations generated by 
the PK tool. Altogether, our findings show the importance of fol-
low-up and monitoring of the actual achieved levels and correlate 
these to the bleeding phenotype.

Our results are consistent with those of previous studies demon-
strating the potential of MyPKFiT in the clinical management of pa-
tients with haemophilia.10,11 However, our data also call attention 
to further potential differences between the population-based PK 
tools and differences that may be significant from both medical 
and health-economic perspectives. Prejers et al. compared differ-
ent population-based PK tools, that is NONMEM, MyPKFiT and 
WAPPS-Hemo and found that doses estimated by MyPKFiT and 

Pat ID

Sample 1 Sample 2

Time (h 
post-inf)

Chromogenic 
(%)

One-
stage (%)

Time (h 
post-inf)

Chromogenic 
(%)

One-
stage (%)

1 4 39 34 28 5 6

2 5 72 52 26 12 15

3 5 56 47 31 14 11

4 5 41 37 25 8 8

5 6 51 42 26 8 7

6 4a  54 35 25a  14 11

7 9 26 12 26 6 4

8 5 52 38 31 8 7

9 4 36 34 25 5 5

10 7 37 15 30 7 3

11 8 36 25 28 8 8

12 4 45 32 27 8 6

13 5 37 28 28 10 9

14 4 49 32 25 6 7

aThe sampling points were after two separate infusions. 

TA B L E  2  Sampling time in hours 
post-infusion for each patient and the 
corresponding FVIII levels measured 
by the one-stage and the chromogenic 
methods at each time point

TA B L E  3  A comparison between the estimated half-lives and time to troughs of 1%, 2% and 5% by each PK algorithm using the 
chromogenic and the one-stage assay

Parameter

Chromogenic

MyPKFiT WAPPS-Hemo p-value

Median IQR Median IQR

T½ (h) 11.2 10.1–12.1 10.5 9.1–12.7 .93

Time to 1% (h) 58 50.5–65.3 68.2 59.8–80.8 .003

Time to 2% (h) 47.5 41.8–55 51.5 45.2–60.6 .019

Time to 5% (h) 32 28–36.3 35 30.4–41.7 .017

One-stage

MyPKFiT WAPPS-Hemo p-value

Parameter Median IQR Median IQR

T½ (h) 11.1 10.4–12.5 10.5 9.1–12.7 .55

Time to 1% (h) 55.5 51.5–65.3 67.5 61.7–83.2 .001

Time to 2% (h) 45 41.8–52.8 50.5 45.6–61.4 .013

Time to 5% (h) 31 28–36.3 35 30.4–41.7 .048
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WAPPS-Hemo were higher than those estimated by NONMEM.8 
Moreover, similar to our findings, significant variation in the range 
of dosing proposals made by MyPKFiT and WAPPS-Hemo was ob-
served. An example of this was a range between 10.0 and 57.3 IU/
kg to reach a trough of 1% after 48 h proposed by MyPKFiT. Prejers 
et al did not report the individual dosing proposals, and a direct 
comparison between the two tools was not performed. The authors 
hypothesize that any differences were due to the individual PK pa-
rameters used in each tool.

The ability to individualize treatment according to each patient's 
requirements and circumstances is of paramount importance in pre-
cision medicine. Population PK tools, such as MyPKFiT and WAPPS-
Hemo, clearly facilitate this goal and assist physicians in customizing 
treatment for each patient. Both tools offer a less burdensome eval-
uation than an individualized, rich PK sampling and overcome many 
pitfalls. Our study, however, shows that the choice of PK tool and 
type of assay may influence the outcome and, accordingly, the pro-
posed dosing.

TA B L E  4  Dose estimates in IU/kg body weight (BW) by each PK algorithm for reaching a trough level of 1% after 48-h in each patient, 
that is for an every other day dosing schedule

Pat ID Body weight (kg)

Chromogenic assay One-stage assay

Mypkfit (IU/kg BW)
WAPPS-Hemo
(IU/kg BW)

MyPKFiT
(IU/kg BW)

WAPPS-Hemo 
(IU/kg BW)

1 82 24.4 15.2 18.3 9.1

2* 115 8.7 4.3 8.7 4.3

3* 52 9.6 4.8 9.6 4.8

4 94 18.6 8.0 16.0 5.3

5* 80 15.6 6.3 15.6 6.3

6 83 6.0 3.0 6.0 3.0

7 75 23.3 13.3 23.3 23.3

8* 82 12.2 6.1 12.2 6.1

9 119 30.4 13.0 30.4 8.7

10 72 13.9 13.9 31.3 24.3

11* 82 12.2 6.1 12.2 6.1

12 90 13.9 5.6 16.7 8.3

13* 82 9.1 3.0 9.1 3.0

14 87 23.0 8.6 14.4 5.7

Note: Patients with bleeding episodes reported during the study period are marked with an asterisk (*) in the first column.

TA B L E  5  Actual dose estimates in IU/kg body weight (BW; italic) and actual total dose estimates in IU by MyPKFiT and WAPPS-Hemo, 
rounded up or down to the nearest commercially available vial size as mentioned in Material and Methods for the patients with bleeding 
manifestations during the study on their prophylactic treatment at enrolment. The estimates are based on the measurements made by the 
chromogenic assay and with a target trough of 3% and 5%, respectively, using a 48-h (every other day) schedule

Pat ID
Observed trough level on the 
current prophylactic regimen

Trough 3% Trough 5%

MyPKFiT
IU
IU/kg BW

WAPPS-Hemo
IU
IU/kg BW

MyPKFiT
IU
IU/kg BW

WAPPS-Hemo
IU
IU/kg BW

2 1% 3000
26.1

2750
23.9

5000
43.5

5000
43.5

3 14% 1250
24.0

750
14.4

2000
38.5

1250
24.0

5 <1% 4000
50.0

2750
34.4

6500
81.3

5000
62.5

8 2.2% 3000
36.6

1750
21.3

5000
61.0

3250
39.6

11 1.9% 2500
30.5

2000
24.4

4250
51.8

3750
45.7

13 <1% 2250
27.4

1000
12.2

3500
42.7

2000
24.4
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Our study has limitations including a relatively small number of 
study subjects, the retrospective design and subjective reporting of 
bleeding events. In addition, no pre-infusion levels were collected 
and there was no in vivo validation of the PK estimations performed. 
The primary focus, however, was to compare the outcome of the two 
PK approaches in a practical real-world setting using the same sam-
pling points. As such, the single-centre design offers distinct advan-
tages, with all analyses performed at our local specialized laboratory.

To conclude, MyPKFiT and WAPPS-Hemo appear to overcome 
assay discrepancies. They provide similar PK outcomes with the one-
stage and chromogenic assays. However, the tools calculate differ-
ent times to a specific trough level, hence providing different dose 
estimations which may have a significant impact on clinical outcome 
and factor consumption. We believe clinicians need to be aware of 
these discrepancies and take them into account while making clinical 
decisions, as well as closely monitoring the activity levels achieved 
by each dosing schedule.
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Table S1.  
Calculated half-life (t½) by each PK algorithm based on either the chromogenic or the one-stage method 
and the corresponding VWF:Ag level at the sampling time for each patient. VWF:Ag: Von Willebrand 
Factor antigen, hrs: hours, MD: missing data  

Pat ID 

ONE-STAGE CHROMOGENIC  

MYPKFiT 
(hrs) 

WAPPS-
Hemo     
(hrs) 

MYPKFiT 
(hrs) 

WAPPS-
Hemo      
(hrs) 

VWF:Ag 
(kIE/L) 

1 10.5 10.3 9.7 8.8 0.68 

2 13.4 12.8 13.3 11 1.12 

3 12.3 13.3 13.6 15.5 1.70 

4 10.9 10.5 10.7 10.3 0.76 

5 10.7 9.8 11.2 10.3 0.93 

6 14.4 13.8 17.2 14.8 1.25 

7 9.9 8.5 10 8.8 MD 

8 11.9 11.8 12 12 1.23 

9 10.1 9.5 10.1 8.5 0.82 

10 9.2 8.3 11.2 9.3 1.05 

11 12.3 12 11.7 11.3 0.79 

12 10.8 10.5 11.2 10.8 0.90 

13 13 13.8 12.3 14.8 1.90 

14 11.3 11 10.1 9.5 0.70 

 

 

 

 

 

 

 



 

Table S2.  
A comparison between the chromogenic and one-stage assay-based estimations of half-life and time to 
troughs of 1%, 2% and 5% by each PK algorithm. 

  MYPKFIT 

  CHROMOGENIC ONE-STAGE 
P-value 

Parameter Median IQR Median IQR 

t½ (hrs) 11.2 10.1-12.1 11.1 10.4-12.5 0.38 

Time to 1% (hrs) 58 50.5-65.3 55.5 51.5-65.3 0.70 

Time to 2% (hrs) 47.5 41.8-55 45 41.8-52.8 0.55 

Time to 5% (hrs) 32 28-36.2 31 28-36.2 0.41 

  WAPPS-Hemo 

  CHROMOGENIC ONE-STAGE 
P-value 

Parameter Median IQR Median IQR 

t½ (Hours) 10.5 9.1-12.7 10.5 9.1-12.7 0.98 

Time to 1% (hrs) 68.2 59.8-80.8 67.5 61.7-83.2 0.36 

Time to 2% (hrs) 51.5 45.2-60.6 50.5 45.6-61.4 0.23 

Time to 5% (hrs) 35 30.4-41.7 35 30.4-41.7 0.12 
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Abstract

Introduction: Treatment optimization in haemophilia A can be achieved by choice of

FVIII product and knowledge of pharmacokinetics (PK), phenotype and adherence. A

favourable PK profile of BAY 81–8973 (octocog alfa) (Kovaltry, Bayer AB) compared to

other standard half-life (SHL) FVIII products has been suggested.

Aim: To evaluate whether the switch to BAY 81–8973, using the same dosing sched-

ule, impact factor consumption and bleed rates, taking arthropathy and adherence into

account

Methods: Forty patients on prophylaxis with SHL (median age 40.5 years) attend-

ing the haemophilia treatment centres in Malmö and Oslo were enrolled. The annu-

alised bleeding rate (ABR) and joint bleeding rate (AJBR) before and after the switch to

BAY 81–8973 was calculated. PK analyses were performed withWAPPS-Hemo. Joint

health status and treatment adherence were assessed.

Results: Themedian ABR and AJBRwas 0 before and after the switch, at both centres.

Themedian yearly factor consumptionwas 3,345 IU/Kg/year in the entire study group

corresponding to intermediate-intensity prophylaxis in most patients and with signif-

icantly more used in Malmö (3,862 IU/Kg/year), compared to Oslo (2,337 IU/Kg/year)

(P .006). Therewas no correlation between arthropathy and bleeding. Themedian BAY

81–8973 t½ was 15.15 h (range 7.5–29 h), with significant correlation to VWF levels,

and 13.4 h after exclusion of VWF outliers. Adherence to treatment was 97%.

Conclusions: Concentrate switch, using mainly intermediate-intensity regimens with

high adherence rates, preserves excellent prophylaxis outcomeusing standard half-life

FVIII products, indicating the value of individualized prophylaxis and close follow-up.

KEYWORDS

BAY81—8973, haemophilia, Kovaltry,Octocog alfa, population pharmacokinetics,WAPPS-Hemo
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1 INTRODUCTION

Haemophilia A (HA) is caused by the deficiency or absence of factor

VIII (FVIII) and characterized by bleeding diathesis, with joint bleed-

ing as clinical hallmark.1,2 Prophylactic replacement therapy in HA

aims to reduce the risk of bleeding by raising FVIII levels,1,2 thus

preventing the development of haemophilic arthropathy.3 Different

FVIII products, with distinct manufacturing methods,4,5 molecular6

and pharmacokinetic7 properties, have been used in the treatment

of HA. BAY 81–8973 (octocog alfa, Kovaltry, Bayer AB) is a standard

half-life (SHL) recombinantFVIII product,8 with a suggested favourable

pharmacokinetic profile compared tooctocog alfa (Kogenate, BayerAB

and Advate, Takeda Pharma).9,10 Interpersonal variability in factor VIII

pharmacokinetics influences; however, the FVIII levels post-infusion

and the outcome of treatment.11 Population PK models, such as the

Web-Accessible Population Pharmacokinetic service – Haemophilia

(WAPPS-Hemo)12 take this into account in a multivariable model of

a relevant patient population, while requiring minimal sampling when

compared to a conventional PK analysis.13,14 This can help optimize

treatment15,16 and illuminate differences in the pharmacokinetic pro-

files of specific FVIII products.

Haemophilic arthropathy is the result of repeated hemarthroses,

mainly affects the knee, elbow and ankle joints,17,18 and can reduce

quality of life.19 The chronic synovitis and vascular fragility in

haemophilic arthropathy can both predispose to bleeding and mimic

its symptoms.20 Furthermore, independent of the treatment regimen

used, adherence to the prescribed treatment is essential for its effec-

tiveness. Poor adherence is associated with more self-reported bleed-

ing episodes for adults and days off school for children.21

Historically, significant differences in the clinicalmanagement ofHA

patients have existed between the Scandinavian countries. For exam-

ple, whereas prophylaxis has been standard of care in Sweden since

the 1970s, it became available in Norway during the 1990s.22 How-

ever, haemophilia management in Scandinavia has since been harmo-

nized, with the development of Nordic guidelines.23,24The aim of this

study was to study and compare whether the switch between SHL

products with slightly different PK properties with the same dosing

schedule, have influenced the clinical outcome in terms of factor con-

sumption and bleeds of patients attending two of the larger Scandi-

navian Haemophilia centres taking arthropathy and adherence into

account.25

2 METHODS

2.1 Study design

This is an open label, non-interventional, single arm double-centre

study, enrolling male patients above 12 years of age with moderate

(FVIII:C 1–5 IU/dl) and severeHA (FVIII:C< 1 IU/dl), who had switched

or were planned to switch to BAY 81–8973 from another SHL FVIII

product. The patients had prophylaxis formore than 50 exposure days,

had their previous FVIII product for at least 30 days prior to switch-

ing to BAY 81–8973, and no current inhibitor, as measured by the

Nijmegen-modified Bethesda assay. Patients fulfilling the inclusion cri-

teria were eligible. PK analysis withWAPPS-HEMOwas performed on

a subset of patients from the Malmö cohort to evaluate the pharma-

cokinetics of BAY 81–8973 and phenotype changes after the switch.

The study was conducted betweenMarch 2017 and February 2020.

2.2 Clinical data

Clinical data regarding age, height, weight, bleeds, and joint bleeds

were collected. The bleeding events prior the switch to BAY 81–8973

were documented retrospectively the year preceding the study visit

with a median duration of 12.5 months (IQR 10–13 months), after

which the switch to BAY 81–8973 occurred. The bleeding events after

the switch to BAY 81–8973 were documented for the period after the

switch and prior the final study visit. The recording of bleedswas paper

based after oral or written report from the patient or his caregiver.

The annual bleeding rate (ABR) and annual joint bleeding rate (AJBR)

were defined as the number of reported bleeding episodes and joint

bleeding episodes divided by the observation period in months multi-

plied by 12. A target joint was defined as > 3 bleeding episodes in the

same joint during 6 months. Joint health was assessed by the physio-

therapist at the haemophilia centre according to theHaemophilia Joint

Health Score (HJHS) version 2.1.26 A cut off score 10 was applied to

dichotomize the results between arthropathy and non-arthropathy, as

used in previous studies.27,28

Adherence to therapy was measured with the validated VERITAS-

PRO questionnaire29 and filled out by the patient or their caregiver.29

A cut-off score 57 defined non-adherence, as in previous studies.29,30

2.3 FVIII and VWF: Ag assays and
pharmacokinetic analysis

PK analysis was performed in 14 patients with severe HA, who were

treated at the Coagulation Centre in Malmö. Analysis was based on

two sparse samples collected at least 12 h apart, with no wash-out,

between four and 48 h after BAY 81–8973 infusion, according to the

ISTH guidelines.31 FVIII levels with use of the chromogenic assay and

VWF:Antigen (VWF:Ag) levels were estimated at the coagulation labo-

ratory at Labmedicin Skåne according to local routines.

The WAPPS-HEMO web-based algorithm was used for population

PK analysis. For the PK assessments, baseline FVIII activity, age, body

weight, height, timing of the last two administered doses and infused

dose were collected. The dosing regimen for each patient was at the

discretion of the treating physician. The first sample was collected 4—

8hand the second sample20–30hpost-infusion, respectively (Table1).

2.4 Statistical analysis

Descriptive statistics in the form of mean, median and interquar-

tile ranges (IQR 25th–75th percentile) described continuous variables.
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TABLE 1 Sampling time in hours post infusion for each patient and the corresponding FVIII levels measured by the chromogenic method at
each time point

Sample1 Sample 2 WAPPS-HEMOPK Estimations

PAT-ID

Time (hrs post

infusion) FVIII level (%)

Time (hrs post

infusion) FVIII level (%) t1/2 (hrs)

Time to 1%

(hrs)

VWF:Ag

(IU/dl)

1 5 63 23 31 24.0 159.8 193

3 5 41 25 11 13.5 85.5 MD

5 4 58 28 10 13.3 87.5 94

6 5 38 29 2 7.5 47.0 50

7 4 65 29 17 16.0 108.0 77

8 5 76 29 23 21.3 143.3 171

9 5 24 26 6 14.3 75.0 95

11 7 35 28 11 18.0 105.5 131

13 4 87 25 35 21.5 150.8 92

14 6 19 24 6 11.5 63.5 85

15 4 60 27 23 20.0 133.0 150

16 5 51 29 20 29.0 173.0 170

17 4 33 24 5 11.5 64.0 51

18 5 59 26 9 11.3 74.5 65

Calculated t1/2, time to troughs of 1% byWAPPS-Hemo, and VWF:Ag level at the sampling time for each patient are provided.

Abbreviations: VFW:Ag, VonWillebrand Factor antigen; PK, pharmacokinetic; hrs, hours; MD, missing data.

Statistical tests used were the Wilcoxon signed rank test, Mann-

Whitney U test, Fischer’s exact test and Spearman’s correlation. All

tests were performed using SPSS software, version 25 (IBM, Chicago,

IL, USA). A P-value of< .05 was considered statistically significant.

2.5 Ethics

The study was approved by the Regional Ethics Review Board of Lund

University, Lund, Sweden andOsloUniversity, Oslo, Norway. The study

subject or his legal representative provided written informed consent

before entering the study.

3 RESULTS

3.1 Patient and treatment characteristics

Forty-three patients were enrolled corresponding to all patients who

switched to BAY 81–8973 prophylaxis at the Malmö centre and one

half of those in Oslo. One patient withdrew the day after inclusion

for personal reasons and in one patient there was inadequate bleed-

ing data. A third patient was excluded since he had been treated with

extended half-life product efmoroctocog alfa (Elocta, Sobi), prior the

switch to BAY 81–8973. Consequently, the final analysis included 40

patients (baseline clinical characteristics and demographics shown in

Table S1), 18 patients treated at the Haemophilia centre in Malmö

(#1-#18) and 22 patients treated at the Haemophilia centre in Oslo

(#19-#40). All patients had severe Haemophilia A, except two patients

who had moderate HA (#33 and #39 with baseline FVIII:C of 3 IU/dl

and 2 IU/dl, respectively). There was no history of previous or cur-

rent FVIII inhibitor. The type of SHL FVIII used prior to the switch to

BAY 81–8973 was Kogenate in 21 patients, Helixate in 13, Advate in

5 pat and Refacto (moroctocog alfa, Pfizer) in 1. The median age of

the entire cohort was 40.5 years (IQR 26.0–48.8) and the median BMI

was 26.6 (IQR 23.1–29.6). The corresponding figures for the Malmö

cohort were 35 years (IQR 20.5–44) with median BMI 26.4 (IQR 22.2–

28.7) and for the severe HA patients of the Oslo cohort 44 years (IQR

34–56), with median BMI 25.6 (IQR 23.7–29.2). The median dose of

infused FVIII before the switch was 20.4 IU/kg (IQR 12.9–26.2) and

all patients received regular prophylaxis, either daily (N = 4), every

other day (N = 14), three times weekly (N = 14) or two times weekly

(N = 6). Two patients had a sparse infusion schedule of once weekly

or less. All patients continued with the same dose and infusion fre-

quency after the switch to BAY 81–8973, except for two patients (#19

and #26), whose infusion frequency was increased slightly, from three

times weekly to every other day (Table S1). Dosing and median yearly

FVIII consumption was otherwise essentially the same in both cohorts

prior and after the switch. Themedian FVIII consumption for the entire

cohort onBAY81–8973was 3345 IU/Kg/year (IQR1944–4463) (Table

S2). There was a significant difference in yearly factor consumption of

BAY 81–8973, between the severe HA patients in theMalmö andOslo

cohort. The median FVIII dose per injection was 21.3 IU/Kg in Malmö

(IQR 14.5–26.4), and the frequency of injections was 182 per year

(IQR 156–227.8). The corresponding numbers in Oslo were 20 IU/Kg

(IQR 12.2–25.1) and 156 (IQR 142–182), respectively. The Malmö

cohorthadmedianFVIII consumptionof3862 IU/Kg/year, compared to

2337 IU/Kg/year in theOslo cohort (P .006)(Table 2).
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226 ARVANITAKIS ET AL.

TABLE 2 A comparison of clinical outcomes between the patients fromMalmö (n= 18) and those fromOslo (n= 20) after the switch to BAY
81-8973

Malmö (N= 18) Oslo (N= 20)

Parameter Mean Median (IQR) Mean Median (IQR) P-value

ABR .33 0 (0–0) .42 0 (0–0) .945

AJBR .11 0 (0–0) .26 0 (0–0) .617

HJHS 17.7 9.5 (3–35) 17.1 14 (12–19.8) .411

VERITAS-Pro 39.5 40 (28.5–47.5) 40.0 40 (31.8–46) .885

FVIII Consumption (IU/Kg BW/Year 4,018 3,862 (3,174–4,860) 2,891 2,337 (1,843 –3,912) .006

Abbreviations: ABR, annual bleeding rate; AJBR, annual joint bleeding rate; HJHS, Haemophilia Joint Health Score.

3.2 Bleeding phenotype before and after the
switch to BAY 81–8973

The median ABR was 0 (IQR 0–1.5) before and remained 0 (IQR 0–0)

after the switch toBAY81–8973. The correspondingmedianAJBRwas

0 (IQR 0–0), both before and after the switch (Figure 1, Table S1). The

mean ABR was 1.1 prior and .4 after the switch (P .136) and the mean

AJBR .7 prior versus .3 after (P .194). The corresponding figures for the

two subcohorts inMalmö andOslo are shown on Table 2. Basically, the

bleed rates are the same, although a slightly highermeanwas observed

for patients attending theOslo centre.

Before the switch, 30 patients (75%) had an ABR of 0 and after

the switch the corresponding number of patients was 33 (82.5%). The

medianABRof the 10 patientswith reported bleeds prior to the switch

to BAY 81–8973 was reduced from 4 (IQR 0–6) to 0 (IQR 0–.25) (P.

.007) and the median AJBR reduced from 2 (IQR 0–6) to 0 (IQR 0–0)

(P. .017), respectively.

3.3 Pharmacokinetic analysis of BAY 81–8973

As described, pharmacokinetic analysis with WAPPS-HEMO was per-

formed in a subset of 14 patients from the Malmö cohort treated with

BAY 81–8973. The median age was 33.5 years (IQR 18.8–43.3) and

the median BMI 26.1 kg/m2 (IQR 21.6–28.9). The median ABR and

AJBR was 0 (IQR 0-0 for both). The WAPPS-Hemo estimated median

t½ for BAY 81–8973was 15.15 h (IQR 11.5–21.3) and themedian esti-

mated time to 1% was 96.5 h (IQR 71.9–145.2). As expected, there

was a significant correlation between VWF:Ag levels and FVIII half-life

(P .01) (Figure S1). Notably, the three patients with the shortest t1/2

(patient #6, #17and#18) hadVWF:Ag levels 50–70 IU/dl and the three

patients with the longest t1/2 (patient #1, #8 and #16) had VWF:Ag

levels ≥ 170 IU/dl. If these outliers were excluded from analysis, the

remaining eleven patients had amedian t1/2 of 13.4 h (IQR11.5–16.5).

The data on half-life and time to 1% trough is presented on Table 1.

3.4 Joint health status

Joint health data was available for 39 of 40 included patients (Table

S1). The median HJHS score was 14 (IQR 5.5–27.0). The HJHS score

revealed arthropathy, as defined by HJHS > 10, in 25 patients with

median HJHS 19 (IQR 14.0–35.5). The high HJHS was predomi-

nantly due to decreased mobility in the elbow, knee, and ankle joints,

decreased muscle strength, and gait problems., whereas patients with

low HJHS scores received points for crepitations. Crepitus on motion

may indicate cartilage damage, but no functional impairment was

observed in those cases. There was no correlation (P .525) between

bleeding events during the study period (ABR and AJBR > 0) and

arthropathy (HJHS ≥10) (Table S3). None of the patients had target

joints. No significant difference was observed in HJHS score between

the severe HA patients of theMalmö andOslo centres (Table 2).

3.5 Adherence to treatment

The complete VERITAS-Pro data is presented in Table S3. The

VERITAS-Pro questionnairewas available in 34 of 40 included patients

with a median score of 40 (IQR 30.8-47) (Table S1). Low scores were

observed in “dosing”, “planning”, “skipping” and “remembering” (median

4–6, IQR 4–8). However, high scores were seen in “communication”

(median 9, IQR 6–12). When a cut-off of 57 points was used to

define non-adherence, only one patient scored above that threshold,

signifying 97% adherence. No significant difference was observed in

VERITAS-PRO score between theMalmö andOslo centres (Table 2).

4 DISCUSSION

The aim of this study was to examine whether the switch from a stan-

dard half-life FVIII products to BAY81–8973, which has been reported

to provide a beneficial PK compared to other SHLs7,10 may influence

clinical outcome in patients with HA. The PK analysis performed on

14 patients on BAY 81–8973 with WAPPS-HEMO confirmed a rel-

atively favourable median half-life estimate of 15.15 h. for BAY 81–

8973, which is longer than reported for other SHL products,6,9,10,32

with awide range of half-lives from7.5 to 29 h (Table 1). Interestingly, a

similar range of 9.95–22.2 h, was seen in the study by Shah et al.9 How-

ever, inter-study differences in design, FVIII wash-out and dosing and

the low subject number should be considered when interpreting these

results. Additionally, due to the non-interventional design of the study,
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ARVANITAKIS ET AL. 227

F IGURE 1 A. 2D-dot plot showing ABR and AJBR before and after switch to BAY 81-8973, respectively. Every dot symbolizes one patient B.
Bar-chart showing difference in ABR and AJBR in all 40 patients of the cohort after switch to BAY 81-8973. Negative values indicate reduction in
ABR and AJBR after the switch, whereas positive values indicate increase, respectively. These differences were not statistically significant.

a control group could not be evaluated. Furthermore, we observed a

significant correlation to the VWF levels in our cohort,25 and after

exclusion of outliers with supranormal VWF levels, themedian half-life

was reduced to13.4 h. This shows the importance to considerVWF lev-

els when interpreting FVIII PK data and reinforces the use of head-to-

head cross-over studies when comparing different products. Our data

also showed that the patients overall were well treated with median

ABR and AJBR of 0 both prior to and after the switch to BAY 81–8973.

In absolute figures, therewas aminor reduction inmeanABRandAJBR

rates after the switch to BAY 81–8973, while maintaining the same
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dose and dosing frequency, but this reduction was not statistically sig-

nificant.

The majority of patients in our study (62.5%) had established

arthropathy, but no target joints, which partly, in some cases, may

be due to advanced arthropathy and fibrotic degeneration. There

was no correlation between bleed rates, factor consumption and the

degree of arthropathy Importantly, only 30% of our cohort were

treated with high-dose prophylaxis, as defined by the World Fed-

eration of Haemophilia (WFH) cut-off of 4,000 IU/kg/year, indicat-

ing the benefits of individualized prophylaxis based on the observed

individual bleeding phenotype.23 Instead, 60% of the patients were

receiving an intermediary-dose prophylaxis regimen (cut-off of 1500–

4000 IU/Kg/year),23 while stillmaintaining amedianABRof0. Theben-

efit of individualized dosing for medical outcome and factor consump-

tion has previously been reported in a study comparing Swedish and

Dutch dosing regimens28 and these findings are further supported by

our study. However, the switch to BAY 81–8973 did not lead to addi-

tional individualization of the treatment regimen.

The overall adherence to treatment in our cohort, as measured by

VERITAS-Pro, was excellent, with 97% overall adherence and no dif-

ference was observed between the two centres. The adherence rate in

our Scandinavian cohort was comparable to that of a German cohort

(adherence 93.1%),30 and higher than the American cohort in the orig-

inal validation study (adherence 82%).29 All the patients in our cohort

had their follow-up at a specific Haemophilia centre, a strong predictor

of adherence.30 Our results also support thepreviouslydescribedasso-

ciation between good adherence and low reported bleeding events.33

Interestingly, we found significant differences in the yearly factor

VIII consumption between the patients with severe HA treated at the

two participating haemophilia centres, despite the use of the same

Nordic guidelines. The Malmö centre had a lower absolute number

of mean ABR and AJBR, but the difference was not significant and

there was no difference in arthropathy. The difference in factor con-

sumption was mainly due to an overall more frequent administration

and shorter intervals in the Malmö cohort. However, the two groups

were not matched, and recruitment bias cannot be ruled out, since all

patients onprophylaxiswithBAY81–8973were enrolled at theMalmö

centre, but one half of those in Oslo. To appreciate any bias in the data

collection fromOslo, the overall dosing regimen in patients onBAY81–

8973 was anonymously captured in the register. The treatment pro-

file was similar besides more patients overall on every other day regi-

men instead of three times weekly. This may suggest that consumption

in Oslo was overall slightly higher that observed in our enrolled sub-

cohort. Nevertheless, our findings indicate that very low bleed rates

can be achieved with relatively low FVIII consumption with entailed

cost benefits. Furthermore, our findings indicate the value of PK esti-

mations in optimizing treatment, as patients in Malmö with favourable

PK profiles and lowABR could potentially extend the interval between

doses.

Our studyhad several limitations, including the retrospective design

and subjective paper-based reporting of bleeds, where potential differ-

ences in reportinganddocumentationpracticesbetweendifferent cen-

tres may influence how bleeds are registered. Additionally, there was

no control group and pre-infusion levels collected for the PK analysis

andno validation stepwas performed to confirm thePKestimates.Due

to the very low reportedABRandAJBR, our studywas probably under-

powered in detecting statistical correlations between bleeding rates

and arthropathy or adherence to treatment. However, this may reflect

the importance of an effective treatment plan and close follow-up of

patients in ameliorating the impact of these variables on the bleeding

phenotype. Finally, as previously stated, selection bias cannot be ruled

out due to the relatively low enrolment at theOslo centre.

In conclusion, in a cohort of previously well treated and well-

adherent patients, the switch to BAY 81–8973, with a potential

favourable half-life, achieved marginal improvements on already

favourable outcome rates despite the use of mainly intermediate-

intensity regimens. Our study also showed that a high degree of

established arthropathy and lower annual FVIII consumption do not

necessarily result in increased bleed rates. Instead, individualized pro-

phylaxis regimens and close follow-up with high adherence to treat-

ment, can reduce FVIII consumption while maintaining haemostatic

efficacy. The data further underline that, not only the performance of

the single product brand, but how to use the products is important for

the outcome in the individual patient.
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Table S1. Patient characteristics.    
BMI: body mass index. ABR: annual bleeding rate. AJBR: annual joint bleeding rate. HJHS: Hemophilia 
Joint Health Score. IU/Kg BW: International units per kilogram body weight, SHL: standard half-life. 
Patients with moderate hemophilia are marked with asterisk. None of the patients had a target joint.  

PAT ID Age 
(Years) 

BMI 
(kg/m2) 

Regular 
Dose 
IU/Kg 
BW 

Previous SHL 
FVIII product 

After switch to 
BAY 81-8973 HJHS 

Total 
Score 

Veritas-
Pro Total 

Score AJBR ABR AJBR  ABR 

1 70 36.7 18.0 0 0 0 0 42 47 

2 62 27.3 26.3 0 12 0 0 34 44 

3 40 27.5 20.8 0 0 0 0 8 25 

4 35 28.4 21.3 0 0 0 0 3 40 

5 43 31.8 21.3 0 0 2 2 46 28 

6 18 26.4 24.7 2 2 0 0 2 55 

7 32 28.7 26.6 0 0 0 2 11 28 

8 44 21.2 27.0 0 0 0 0 11 35 

9 19 29.5 10.0 4 4 0 0 3 48 

10 44 31.0 10.6 0 0 0 0 38 40 

11 15 21.7 14.7 0 2 0 0 0 53 

12 22 23.2 26.3 0 0 0 2 15 54 

13 35 20.7 32.3 0 0 0 0 8 47 

14 13 22.2 13.9 0 0 0 0 2 MD 

15 38 27.5 21.1 0 0 0 0 33 27 

16 59 25.7 26.0 0 0 0 0 51 34 

17 26 23.5 13.0 0 0 0 0 8 29 

18 21 19.2 31.7 0 0 0 0 4 37 

19 25 24.0 18.1 0 2 0 3 2 46 

20 45 MD 12.8 4 4 1 1 12 MD 

21 63 25.9 24.4 0 0 0 0 19 MD 

22 33 30.6 9.6 0 0 0 0 12 MD 

23 45 26.9 22.5 0 0 0 0 13 30 

24 27 22.6 26.7 0 0 0 0 16 37 

25 13 21.9 29.2 0 0 4 4 2 31 

26 49 30.4 10.3 2 2 0 0 12 42 

27 59 28.7 18.5 6 6 0 0 38 34 

28 40 26.8 11.8 6 6 0 0 6 26 



29 64 24.4 12.3 0 0 0 0 36 40 

30 66 22.1 28.6 0 0 0 0 17 55 

31 41 27.7 25.8 0 0 0 0 20 40 

32 53 24.7 24.4 0 0 0 0 MD 25 

33* 16 22.5 12.8 0 0 0 0 2 39 

34 41 31.2 20.0 0 0 0 0 15 46 

35 42 31.9 20.0 4 4 0 0 7 60 

36 44 25.3 12.2 0 0 0 0 25 MD 

37 48 24.3 26.8 0 0 0 0 35 41 

38 37 MD 14.3 0 0 0 0 22 47 

39* 67 29.7 19.0 0 0 3 3 17 28 

40 26 31.9 10.0 0 0 0 0 19 43 

 
 
 

 
 
Figure S1. 
Scatterplot showing correlation between t½ (hours) and VFW:Ag levels (IU/dL). r: Spearman’s 
Correlation Coefficient, p: P-value, as assessed by Spearman’s correlation.  
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Table S2. Treatment characteristics. 
EOD: every other day, M/TH: Monday and Thursday, BW: body weight, IU: International Units, Kg: 
kilograms. Patients with increased dosing frequency after switch to Kovaltry are marked with asterisk. 
The patients’ previous standard half-life (SHL) FVIII products were Helixate (octocog alfa, CSL Behring), 
Kogenate (octocog alfa, Bayer AB), ReFacto (moroctocog alfa, Pfizer Innovations) and Advate (octocog 
alfa, Takeda Pharma). ǂ Patients with moderate hemophilia A, who were excluded from the comparison 
of clinical outcomes and annual FVIII consumption between the Malmö and Oslo Hemophilia Centers.  

C
EN

TE
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PAT ID 
Regular 

total 
dose (IU) 

 Treatment with previous 
SHL FVIII product 

Treatment with 
octocog alfa 

 Type of SHL FVIII 
product 

Regular 
dosing 
interval 

Regular 
dosing 
interval 

Total FVIII 
consumption 

IU/Kg/Year 

M
AL

M
Ö

 

1 2000  octocog alfa 
(Kogenate) 

M/TH M/TH 1873.9 

2 2000  octocog alfa 
(Helixate) 

M/TH M/TH 2736.8 

3 2000  rFVIII‐FS 
(Kogenate) 

EOD EOD 3791.7 

4 2000  octocog alfa 
(Helixate) 

3 times weekly 3 times weekly 3319.1 

5 2000  octocog alfa 
(Kogenate) 

EOD EOD 3872.3 

6 2000  octocog alfa 
(Kogenate) 

3 times weekly 3 times weekly 3851.9 

7 2500  Octocog alfa 
(Helixate) 

EOD EOD 4840.4 

8 2000  octocog alfa 
(Kogenate) 

EOD EOD 4918.9 

9 1000  octocog alfa 
(Kogenate) 

Daily Daily 3650.0 

10 1000  Octocog alfa 
(Helixate) 

Daily Daily 3883.0 

11 1000  octocog alfa 
(Kogenate) 

Daily Daily 5367.6 

12 2000  octocog alfa 
(Kogenate) 

M/TH M/TH 2736.8 

13 2000  octocog alfa 
(Kogenate) 

EOD EOD 5871.0 

14 1000  Moroctocog alfa 
(ReFacto) 

EOD EOD 2527.8 

15 2000  octocog alfa 
(Kogenate) 

EOD EOD 3831.6 

16 2000  octocog alfa 
(Kogenate) 

EOD EOD 4727.3 

17 1000  octocog alfa 
(Kogenate) 

Daily Daily 4740.3 

18 2000  octocog alfa 
(Kogenate) 

EOD EOD 5777.8 



O
SL

O
 

19* 1500  octocog alfa 
(Advate) 

3 times weekly EOD 3289.2 

20 1000  octocog alfa 
(Kogenate) 

EOD EOD 2333.3 

21 2000  octocog alfa 
(Helixate) 

Once weekly Once weekly 1268.3 

22 1000  octocog alfa 
(Advate) 

3 times weekly 3 times weekly 1491.4 

23 2000  octocog alfa 
(Kogenate) 

M/TH M/TH 2337.1 

24 2000  octocog alfa 
(Kogenate) 

EOD EOD 4853.3 

25 2000  octocog alfa 
(Helixate) 

3 times weekly 3 times weekly 4554.7 

26* 1000  octocog alfa 
(Kogenate) 

3 times weekly EOD 1866.7 

27 2000  octocog alfa 
(Helixate) 

EOD EOD 3370.4 

28 1000  octocog alfa 
(Kogenate) 

3 times weekly 3 times weekly 1835.3 

29 1000  octocog alfa 
(Helixate) 

3 times weekly 3 times weekly 1925.9 

30 2000  octocog alfa 
(Helixate) 

EOD EOD 5200.0 

31 2500  octocog alfa 
(Advate) 

3 times weekly 3 times weekly 4020.6 

32 2000  octocog alfa 
(Helixate) 

3 times weekly 3 times weekly 3804.9 

33ǂ 1000  octocog alfa 
(Advate) 

3 times weekly 3 times weekly 2000.0 

34 2000  octocog alfa 
(Kogenate) 

3 times weekly 3 times weekly 3120.0 

35 2000  octocog alfa 
(Kogenate) 

M/TH M/TH 2080.0 

36 1000  octocog alfa 
(Helixate) 

3 times weekly 3 times weekly 1902.4 

37 2000  octocog alfa 
(Helixate) 

3 times weekly 3 times weekly 4187.9 

38 1000  octocog alfa 
(Helixate) 

M/TH M/TH 1485.7 

39ǂ 2000  octocog alfa 
(Kogenate) 

once weekly once weekly 990.5 

40 1000  octocog alfa 
(Advate) 

3 times weekly 3 times weekly 1560.0 

 



 

Table S3.  
Veritas-PRO scores in subcategories and total point score. A cut-off of 57 points was used to define 
non-adherence (n=34)  ǂ When the patient failed to answer a specific question, the maximum point 
score 5 was awarded.  

Patient Timing Dosing Planning Remembering Skipping Communication Total 
1 9 5 6 4 8 15 47 

2 10 6 4 8 8 8 44 

3 4 4 5 4 4 4 25 

4 8 4 7 8 7 6 40 

5 8 4 4 4 4 4 28 

6 7 6 12 14 5 11 55 

7 7 4 5 4 4 4 28 

8 6 4 5 5 4 11 35 

9 6 4 13 7 11 7 48 

10 8 7 6 5 7 7 40 

11 5 4 16 8 4 16 53 

12 10 8 11 8 6 11 54 

13 8 4 8 8 7 12 47 

15 4 4 5 4 4 6 27 

16 5 7 5 4 4 9 34 

17 4 4 4 6 4 7 29 

18 9 4 4 8 4 8 37 

19 12 ǂ 4 8ǂ 9 8 5 46 

23 6 4 4 4 4 8 30 

24 5 5 4 8 4 11 37 

25 6 4 4 7 4 6 31 

26 4 5 4 6 7 16 42 

27 8 4 4 4 4 10 34 

28 4 4 4 5 4 5 26 

29 6 5 4 5 4 16 40 

30 7 4 4 11 13 16 55 

31 4 4 12 4 4 12ǂ 40 

32 5 4 4 4 4 4 25 

33 7 4 6 10 4 8 39 

34 8 6 4 5 8 15 46 

35 12 6 8ǂ 14 10 10 60 

37 6 7 5 6 6 11 41 

38 7 9 4 9 9 9 47 

40 8 4 4 8 14 5 43 
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Abstract

Introduction: The timing of prophylaxis and F8 genotype can impact treatment

outcomes in adults with severe haemophilia A (HA).

Aim: To investigate how F8 genotype, timing, and type of prophylaxis influence

arthropathy, bleeding rates, factor consumption and health-related quality of life

(HRQoL).

Methods: Thirty-eight patients with severe HA were enrolled. Bleeding events were

recorded retrospectively during median 12.5 months. F8 gene variants were classified

as null or non-null. Joint health and HRQoL were assessed with HJHS and EQ-5D-5L,

respectively.

Results: Themedian age at prophylaxis start was 1.25 years in the primary prophylaxis

group (N = 15, median age 26 years) and 31.5 years in the secondary group (N = 22,

45 years), respectively. There were significant differences in the medians of HJHS (4

vs. 20, p < .001), EQ-5D-5L index (0.9647 vs. 0.904, p = .022), EQ VAS (87 vs. 75,

p = .01) and FVIII consumption (3883 vs. 2737 IU/kg/year, p = .02), between the pri-

mary and secondary groups, respectively. Median annualized bleeding rate (ABR) was

0 for both groups. Twenty-five null and thirteen non-null F8 gene variants were iden-

tified. In the secondary prophylaxis group, lower median FVIII consumption (1926 vs.

3370 IU/kg/year) was shown for non-null compared to null variants, respectively, with

similar ABR andHJHS.

Conclusion: Delayed prophylaxis start with intermediate dose intensity prevents

bleeds but at a cost of more arthropathy and reduced HRQoL, compared to higher

intensity primary prophylaxis. Non-null F8 genotypemay allow lower factor consump-

tion with similar HJHS and bleeding rates, compared to null genotype.

KEYWORDS

arthropathy, F8 gene variant, F8 genotype, health-related quality of life, haemophilia, non-null,
null, primary prophylaxis, secondary prophylaxis
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2 ARVANITAKIS ET AL.

1 INTRODUCTION

Replacement of the deficient factor VIII (FVIII) in haemophilia A (HA)

aims to prevent or stop joint bleeding and subsequent development

of arthropathy,1,2 thus preserving the health-related quality of life

(HRQoL) of people with haemophilia (PWH). In the Scandinavian coun-

tries this goal has been pursued, with varying start points, with the

use of factor replacement prophylaxis since the 1970s.3 A high dose-

intensity regime, as defined by the World Federation of haemophilia

(WFH) cut-off of 4000 IU/kg/year4 has traditionally been used, with

very good outcomes regarding annual bleeding rate and joint health,

albeit at a higher cost compared to lower dose-intensity regimes.5

HA is caused by pathogenic F8 gene variants, leading to impaired

biosynthesis, expression, secretion, stability of FVIII and resulting in

decreased plasma levels and function of FVIII.6–8 In severe HA, which

is defined as FVIII activity of <1%, F8 gene variants can be catego-

rized as null versus non-null, based on measurable levels of circulating

FVIII antigen.9–12 Null variants have been associatedwith earlier onset

of bleeding and diagnosis of haemophilia9 and have a higher risk for

development of inhibitor compared to non-null variants.13,14

Our previously published study enrolled patients with severe HA,

treated at the haemophilia centres of Malmö, Sweden and Oslo,

Norway, and showed very low bleeding rates with median annual-

ized bleeding rate (ABR) 0 with both intermediate and high intensity

prophylaxis, with no difference in arthropathy between the study

groups.15 To further explore these findings, we wanted to evaluate

the impact of F8 genotype, patient age at study inclusion and tim-

ing of start of prophylaxis on clinical outcomes, including arthropathy

development, bleeding, FVIII consumption andHRQoL.

2 METHODS

This analysis was performed on data collected from patients above

12 years of age with severe HA (FVIII:C < 1 IU/dL), enrolled in the

Scandinavian Switch Population-PK study at the haemophilia centres

in Malmö, Sweden and Oslo, Norway, as described.15 Only patients

who had previously switched or were planned to switch to BAY 81–

8973 (octocogalfa, Kovaltry, BayerAB), fromanother standardhalf-life

(SHL) FVIII product, were eligible. This study examined the difference

in bleeding rates before and after the switch toBAY81–8973 in a Scan-

dinavian cohort treated at the two centres. In addition, arthropathy,

FVIII consumption and compliance to treatment were characterized.

Bleeding events were documented retrospectively for a median time

period of 12.5 months, (IQR 10–13) after the switch to BAY 81–8973

and before the final study visit. The ABR and annualized joint bleeding

rate (AJBR) were calculated.

The patient’s age at inclusion and at start of prophylaxis with fac-

tor replacement therapy,weight, arthropathyaccording tohaemophilia

joint health score (HJHS 2.1)16 and FVIII consumption (IU/kg/year)

were documented. Primary prophylaxiswas defined as continuous reg-

ular prophylaxis commenced at least once weekly with standard (SHL)

or extended half-life (EHL) FVIII products before the completion of 3rd

year of age, and before the second joint bleed ormanifest joint disease,

according to recent guidelines,4 whereas secondary prophylaxis was

continuous regular prophylactic treatment, which did not fulfil the cri-

teria of primary prophylaxis. Patients with persistent inhibitors were

excluded.

Characterization of the causative F8 gene variants was performed

using routine methods at the genetic laboratories associated with

the haemophilia centres in Malmö and Oslo, respectively, as part of

the clinical investigation of the patients. All variants were classified

according to the recommendations of the Human Genome Variation

Society (HGVS). Inversions, nonsense mutations, small deletions out-

side poly-A-runs, splice cite mutations within conserved regions, large

deletions anddeletionsof thepromoterweredefinedasnullmutations,

whereas missense mutations, small deletions inside poly-A-runs and

splice citemutations of non-conserved nucleotideswere characterized

as non-null mutations, as previously described.9

Health related quality of life was assessed by the generic self-

filled questionnaire EQ-5D-5L.17 EQ-5D-5L consists of two parts. The

first part is the descriptive system, which consists of five dimensions

describing different health states: mobility, usual activities, self-care,

pain, andanxiety/depression. Eachdimensionhas five levels of severity:

no, slight, moderate, severe, and extreme problems, which are graded

from 1 to 5, respectively. A score of 11111 thus signifies no problems

in any of the dimensions, while 55555 signifies extreme problems in

all dimensions. The EQ-5D-5L dimensions are converted to an index

value that ranges from 0 to 1 and is based on the health preferences

of the general population of a country or region. An EQ-5D-5L index

of 1 is the best possible value and 0 the worst.18 The Swedish time

to trade-off valuation scores were used to calculate the index value.19

The secondpart of EQ-5D-5L consists of theVisual Analogue Scale (EQ

VAS), where the patient assesses his individual state of health at the

day of the questionnaire. EQ VAS score ranges from 0 to 100 (worst to

best possible health state, respectively).18

2.1 Statistical analysis

Descriptive statistics in the form of median and interquartile ranges

(IQR 25th -75th percentile) described continuous variables. TheMann-

Whitney U test and Kendall Tau-b test for non-parametric variables

were performed using SPSS software, version 25 (IBM, Chicago, IL). A

p-value of<.05 was considered statistically significant.

3 RESULTS

3.1 Clinical data and timing of initiation of
prophylaxis analysis

Demographics and clinical characteristics of the study population are

summarized in Table 1 and Supplement Table S1. Data about the tim-

ing of start of prophylaxis and type of prophylaxis were available for

37 of the 38 enrolled patients. Of these, 15 patients, with median age

 13652516, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.14806 by Statens B

eredning, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ARVANITAKIS ET AL. 3

TABLE 1 Clinical characteristics and outcomes (median and IQR) of primary and secondary prophylaxis group

Primary prophylaxis

(N= 15)

Secondary prophylaxis

(N= 22) p

Age at inclusion (years) 26 (18-35) 45 (40.8-59.8)

Patients with null-mutation,N (%) 9 (60) 15 (68.2)

Age at start of prophylaxis (years) 1.25 (1-2) 31.5 (10.5-42.8)

ABR 0 (0-0) 0 (0-0) .960

AJBR 0 (0-0) 0 (0-0) .939

HJHS 4 (2-11) 20 (12.5-35.5) <.001

FVIII consumption (IU/kg/year) 3883 (3319-4853) 2737 (1895-3909) .02

EQ-5D-5L index 0.9647 (0.934-0.9755) 0.904 (0.8332-0.9647) .022

EQ-5D-5L VAS 87 (80-93.5) 75 (60-82.5) .01

Bold values indicate statistically significant results (p< .05).

F IGURE 1 Boxplots showing difference in HJHS (A) and FVII
consumption (IU/kg/year) (B) between primary and secondary group.

(IQR) at study enrolment of 26 years (18-35) started primary pro-

phylaxis, and 22 patients with median age at enrolment of 45 years

(40.8–59.8) were on secondary prophylaxis. The median age was 1.25

years (1–2 years), and 31.5 years (10.5–42.8 years) at the start of pri-

mary and secondary prophylaxis, respectively. The median ABR and

AJBR after the switch to BAY 81–8973 for both the primary and

secondary prophylaxis groupwas 0 (0-0). Therewere significant differ-

ences between the primary and secondary prophylaxis groups in HJHS

and FVIII consumption (Figure 1) with a median HJHS of 4 (2-11) and

20 (12.5-35.5), respectively (p < .001). Median yearly FVIII consump-

tion was 3883 IU/kg/year (3319-4853) in the primary versus 2737

IU/kg/year (1896-3909) in the secondary group (p = .02). A significant

correlation between age of the patient at study enrolment and age at

start of prophylaxis was seen (p= .001) (Supplement Figure S1). Five of

the 22 patients of the secondary prophylaxis group started prophylaxis

before the 10 years of age,while, in the remaining patients, prophylaxis

commenced during adulthood. Patients who started secondary pro-

phylaxis during childhood had median HJHS 15 (11.5-33) and median

FVIII consumption 3872 IU/kg/year (2928-4946). Two patients in the

primary prophylaxis and seven patients in the secondary prophylaxis

group reported the use of painmedication (Supplement Table S1).

3.2 F8 gene variant analysis

F8 gene variants were identified in all patients, that is, inversions

(N = 13), missense (N = 11), small deletions (N = 8) and nonsense

(N=5).Onepatient hada splice variant (SupplementTable S2). Twenty-

five variants were classified as null, and thirteen as non-null (Figure 2).

The distribution of null variants in the primary and secondary prophy-

laxis group was 60% and 68.2%, respectively (Table 1). In the entire

cohort, there was no difference between the null and non-null groups

in HJHS, ABR, AJBR, FVIII consumption, start at age or prophylaxis,

EQ-5D-5L index or EQVAS.

However, in the secondary prophylaxis group, there was a trend

towards lower consumption in the non-null group with a median (IQR)

FVIII consumptionof 1926 IU/kg/year (1867-2737), compared to3370

IU/kg/year (2333-4021) in the null group (p = .139) (Figure 3A), while

maintaining median ABR 0 versus 0 and similar HJHS of 17 versus 21,

respectively (Figure 3B).

3.3 Health related quality of life analysis

The EQ-5D-5L questionnaire was completed by 34 patients, 13 in

the primary and 21 in the secondary prophylaxis group. As shown in

Table 1, there were significant differences in median EQ-5D-5L Index

 13652516, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.14806 by Statens B

eredning, W
iley O

nline L
ibrary on [30/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 ARVANITAKIS ET AL.

F IGURE 2 Distribution and classification of null and non-null
FVIII variants.

F IGURE 3 Boxplots showing differences in FVIII consumption
(IU/kg/year) (A) and HJHS (B), according to FVIII variant status
(non/non-null) and type of prophylaxis (primary/secondary).

value and EQ VAS between the younger (median age 26 years) pri-

mary prophylaxis group and the older (median age 45 years) secondary

prophylaxis group with median Index 0.9647 (0.934-0.9755) versus

0.904 (0.8332-0.9647) (p= .022) (Figure 4A) and EQVAS 87 (80-93.5)

F IGURE 4 Boxplots showing differences in EQ-5D-5L Index value
(A) and EQVAS (B). Between the primary and secondary prophylaxis
group.

F IGURE 5 Bar chart showing dimension results of EQ-5D-5L after
dichotomization in “no problems” (level 1) and “any problems” (levels
2-5).

versus 75 (60-82.5) (p = .01), respectively. (Figure 4B). The complete

EQ-5D-5L data is shown in Supplement Table S3.

When the distinct dimensions results were dichotomized in “no

problems” versus “any problems,” there were more patients that expe-

rienced problems in the secondary group in all dimensions (Figure 5). In

the dimension “pain,” seven of thirteen patients (53.8%) in the primary,
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ARVANITAKIS ET AL. 5

and 17 of 21 (80.9%) in the secondary prophylaxis group experienced

problems. This contrasted with the use of painkillers by two (13.3%)

and seven (35%) patients in the primary and secondary prophylaxis

group, respectively.

4 DISCUSSION

In our previous study,15 we found a low bleeding rate and relatively

modest degree of arthropathy in Norwegian patients despite the use

of significantly lower factor consumption than the Swedish patients. To

better appreciate these findings, the impact of the type and timing of

prophylaxis and F8 genotypewere evaluatedwith a focus on the use of

primary and secondaryprophylaxis. In addition,wewanted to correlate

the findings to health relatedQoL.

Twenty-two patients in the study cohort had secondary prophy-

laxis. The majority of these patients (n = 15) were treated at the Oslo

centre. The median age at start of prophylaxis in the secondary pro-

phylaxis group was 31.5 years, compared to 1.25 years in the primary

prophylaxis group. Due to changes in clinical practice over the last

decades, there was a strong correlation between the current age of

the patients, and the type of prophylaxis at start. As expected, the

comparison of the primary and secondary prophylaxis groups revealed

significant differences in degree of arthropathy and HRQoL outcomes,

but also regarding FVIII consumption. The primary group had sig-

nificantly lower HJHS with median score 4, compared to 20 in the

secondary group illustrating the benefits of starting primary prophy-

laxis at an early age with joints more susceptible to bleedings.20–23

Interestingly, despite more arthropathy, the secondary prophylaxis

group had a median low AJBR of zero and significantly lower yearly

FVIII consumption of median 2,737 IU/kg/year, compared to 3,883

IU/kg/year in the primary group. Most patients on secondary prophy-

laxis were treated at the Oslo centre, which probably contributed to

theobserveddifference inFVIII consumptionbetween the twocentres.

Even though the goal of treatment at both centres was zero bleeds,

this was pursued trough different dosing intensity regimens, resulting

nonetheless inmedianABR0atboth centres.Accordingly, the intensity

of prophylaxismay be successfully individualized and lowered in adults

without significantly jeopardizing the bleeding phenotype. It should

also be stated that the difference in median age at inclusion of almost

20 years between the primary and secondary prophylaxis group may

have importance for these outcomes, but age-matched comparisons

regarding prophylaxis type are not possible in a Scandinavian cohort as

all severe HA patients born in the last decades are on primary prophy-

laxis.Unfortunately,wecouldnot explore theexact prophylactic dosing

regimen used at start in any of the two subgroups as well as the AJBR

over the years, since this was outside the scope of the study. However,

clearly, our data underlines the importance of starting primary prophy-

laxis to avoid progressive joint damage. Importantly, the subgroup that

commenced secondary prophylaxis during childhood, between 3 and

9 years, had a high median FVIII consumption of 3872 IU/kg/year, but

still had a higher median HJHS 15 compared to a median HJHS score

of 4 in the primary prophylaxis group. These findings suggest that high

treatment intensity cannot compensate for a delayed prophylaxis start

regarding the risk of developing arthropathy, but the very low number

of patients makes this finding uncertain.

Previous studies in paediatric cohorts9,13 have shown that type of

F8 genotype influences start of first bleed and thusmay influencewhen

the providers decide to start prophylaxis. Due to the small sample size,

statistical analysis could not show any significant differences between

the null and non-null groups in timing for start of prophylaxis and

risk for developing arthropathy. Subgroup analysis, however, showed

a trend towards lower FVIII consumption in the secondary prophy-

laxis group in the presence of non-null variants, with similar HJHS and

ABR to the higher consumption null group. This finding could indicate

that circulating trace amounts of FVIII may have an impact on bleeding

risk9 and subsequent development of arthropathy and dose reductions

of factor replacement in non-null mutations in the secondary prophy-

laxis setting could be considered, but further studies are needed to

answer this hypothesis. Our study is one of the first to address the

impact of non versus non-null variants in outcomes of an adult cohort,

whereas previous studies primarily examined paediatric cohorts and

the genotype’s impacts in bleeding and inhibitor development.9,13,24

Health-related quality of in the entire study cohort was relatively

high with a median EQ-5D-5L index of above 0,9 and median VAS 80.

There were however small but significant differences in HRQoL out-

comes between the primary and secondary group in both the Index

value (median 0.9647 vs. 0.904) and VAS (median 87 vs. 75), which

further underscores both the influence of age and the value of start-

ing primary prophylaxis. The presence of a disability paradox, where

haemophilia patients report higher health state evaluations than oth-

erwise healthy pears cannot be excluded.25 The older cohort with

delayed prophylaxis start had comparable HRQoL outcomes to other

published European cohorts26,27 and the absence of bleeding exerts

beneficial affects against the development of synovitis and further pro-

gression or arthropathy.28 This reflects the benefits of individualized

prophylaxis since at least the 1990s.29 Analysis of the patient-reported

use of medication for pain management, mostly anti-inflammatory

drugs (NSAID or COX-2 inhibitors) and self-reported pain in the EQ-

5D-5L questionnaire revealed a discrepancy between reported pain

and use of painkillers, both in the primary and secondary prophy-

laxis groups, which may imply undertreatment of pain problems, as

reported elsewhere.30 However, none in the secondary prophylaxis

group reported the use of opioids and the highest EQ-5D-5L score in

the pain dimension was 3, signifying moderate pain even in patients

with relatively advanced arthropathy. Even though these findings are

based on few patients, they suggest benefit of prophylaxis against

severe pain, possibly due to a reduction in subclinical bleeds and

synovitis.31,32

Our study has limitations, mostly the small sample size which may

have caused the lack of significance of, for example, the impact of

F8 genotype in the examined clinical outcomes. The risk of recruit-

ment/selection bias can also not be ruled out, as patients on other

SHL products attending the centres were not eligible. In addition, only

50% of Oslo patients treated with BAY 81–8973 were enrolled. The

dosing regimens used over the years from start of prophylaxis to the
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6 ARVANITAKIS ET AL.

current regime may also have an impact on the outcome, but this was

outside the scope of our study and needs to be addressed in a sep-

arate study. We did not have data on the date of first joint bleed,

the number of joint bleeds prior to prophylaxis start and previous

HJHS findings, which may be related to the severity of the bleeding

phenotype. Because we did not have a complete data set on joint sta-

tus at start of prophylaxis, we chose, as in previous publications,33–35

to use the term secondary prophylaxis for the entire non-primary

cohort to avoid potential misclassification. However, many patients in

the secondary group probably had tertiary prophylaxis, i.e., prophy-

laxis initiated after the onset of documented joint disease.4 Finally,

arthropathy was assessed with HJHS, which may be influenced by

acute bleeds or inflammation. However, the HJHS was performed

by experienced physiotherapists at both centres and the absence of

bleeds in the cohort implies that the evaluations of the joints were

mostly performed at steady state. Even in this instance, some selection

bias, where patients with recent bleeds and severe arthropathy symp-

toms were not included in the study, cannot be dismissed, even though

our study included several patients with high HJHS. The strengths of

our study consist of the life-long comprehensive follow-up of the study

cohort which allowed for the investigation of an older patient popu-

lation who has been receiving individualized prophylaxis for decades

and the examination of multiple clinical outcomes within this cohort.

Additionally, the cohort’s socioeconomic homogeneity should suggest

a high applicability of theHRQoL results. Finally, our study is one of few

to correlate the findings of a thorough genetic characterization to the

relevant clinical outcomes of factor consumption and arthropathy in an

adult cohort.

In conclusion, our results indicate that delayed start of prophylaxis

in an older cohort with severe HA can still achieve excellent bleeding

control with intermediate-dose intensity, but at the expense of devel-

oping arthropathy and reduced HRQoL compared to a younger cohort

on primary prophylaxis. To carry non-null F8 gene variants may poten-

tially predict the bleeding phenotype and thereby reduce the risk of

severe arthropathy and improve QoL despite the use of less intense

prophylactic regimes.
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Table S1. Clinical characteristics and demographics. 
MD: missing data. † COX-2 inhibitor. ‡ SSRI: selective serotonin reuptake inhibitor.  § NSAID: non-
steroidal anti-inflammatory drug.  
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(Years) 

Type of 
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n FVIII 

Consumpt 
IU/KG/YEAR 

M
AL
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Ö

 

1 70 50 Secondary 42 0 0 No 1874 

2 62 24 Secondary 34 0 0 Yes † ‡ 2737 

3 40 1.67 Primary 8 0 0 No 3792 

4 35 1.67 Primary 3 0 0 No 3319 

5 43 3.92 Secondary 46 2 2 Yes† 3872 

6 18 1 Primary 2 0 0 No 3852 

7 32 1.25 Primary 11 2 0 Yes § 4840 

8 44 2.25 Primary 11 0 0 Yes† 4919 

9 19 0.92 Primary 3 0 0 No 3650 

10 44 2.17 Primary 38 0 0 No 3883 

11 15 1.17 Primary 0 0 0 No 5368 

12 22 4 Secondary 15 2 0 No 2737 

13 35 3.5 Secondary 8 0 0 No 5871 

14 13 1.08 Primary 2 0 0 No 2528 

15 38 31 Secondary 33 0 0 No 3832 

16 59 25 Secondary 51 0 0 No 4727 

17 26 1.25 Primary 8 0 0 Yes† 4740 

18 21 1.17 Primary 4 0 0 No 5778 

O
SL

O
 

19 25 0.5 Primary 2 3 0 No 3289 

20 45 11 Secondary 12 1 1 No 2333 

21 63 45 Secondary 19 0 0 Yes § 1268 

22 33 MD MD 12 0 0 MD 1491 

23 45 42 Secondary 13 0 0 No 2337 

24 27 1 Primary 16 0 0 No 4853 

25 13 2.5 Primary 2 4 4 No 4555 

26 49 28.7 Secondary 12 0 0 Yes† 1867 

27 59 26.8 Secondary 38 0 0 No 3370 



28 40 24.4 Secondary 6 0 0 MD 1835 

29 64 57 Secondary 36 0 0 MD 1926 

30 66 61 Secondary 17 0 0 Yes§ 5200 

31 41 8 Secondary 20 0 0 No 4021 

32 53 42 Secondary MD 0 0 No 3805 

33 41 9 Secondary 15 0 0 Yes† 3120 

34 42 37 Secondary 7 0 0 No 2080 

35 44 33 Secondary 25 0 0 No 1902 

36 48 26 Secondary 35 0 0 No 4188 

37 37 27 Secondary 22 0 0 Yes† 1486 

38 26 2 Primary 19 0 0 No 1560 

 
 
 
 

 
 
Figure S1.  
Scatterplot showing correlation between age of patient at time of study and age at start of prophylaxis.  
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Table S2. F8 gene variants found in the study cohort. 
 

C
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Mutation Type / Effect 

HGVS cDNA HGVS protein 
Mutation 
Group 

Exon/Intron 
(FVIII 

Domain) NM_000132.4 NP_000123.1 

M
AL

M
Ö

 

1 Substitution / Missense c.902G>A p.(Arg301His) Non-null Exon 7 
(A1) 

2 Substitution / Missense c.902G>A p.(Arg301His) Non-null Exon 7 
(A1) 

3 Deletion inside poly-A 
run/ Frameshift c.3637delA p.(Ile1213Phefs*5) Non-null Exon 14 

(B) 

4 Duplication / Frameshift c.5116_5117dupAG p.(Ser1706Argfs*26) Null Exon 14 
(a3) 

5 Substitution / Nonsense c.6590T>A p.(Leu2197*) Null Exon 24 
(C2) 

6 Substitution / Nonsense c.471G>A p.(Trp157*) Null Exon 4 
(A1) 

7 Inversion 22   Null  

8 Small deletion outside 
poly-A-run/ Frameshift c.954_955delCT p.(Leu319Aspfs*18) Null Exon 7 

(A1) 

9 Duplication / Frameshift c.6360dupT p.(Ile2121Tyrfs*5) Null Exon 22 
(C1) 

10 Substitution / Missense c.1795G>C p.(Asp599His) Non-null Exon 12 
(A2) 

11 Small deletion outside 
poly-A-run/ Frameshift c.954_955delCT p.(Leu319Aspfs*18) Null Exon 7 

(A1) 

12 Inversion 1   Null  

13 Inversion 22   Null  

14 Substitution / Missense c.6563G>A p.(Cys2188Tyr) Non-null Exon 23 
(C1) 

15 Small deletion outside 
poly-A-run / Nonsense c.1599delA p.(Val534*) Null Exon 11 

(A2) 

16 Inversion 22   Null  

17 Small deletion inside 
poly-A run/ Frameshift c.3637delA p.(Ile1213Phefs*5) Non-null Exon 14 

(B) 

18 Substitution / Missense c.902G>A p.(Arg301His) Non-null Exon 7 
(A1) 

O
SL

O
 

19 Inversion 22   Null  

20 Inversion 22   Null  

21 Inversion 22   Null  

22 Inversion 22   Null  

23 Small deletion outside 
poly-A-run/ Frameshift c.205_206delCT p.(Leu69Valfs*13) Null Exon 2 

(A1) 



24 Inversion 22   Null  

25 Substitution / Nonsense c.3175A>T p.(Lys1059*) Null Exon 14 
(B) 

26 Substitution / Missense c.5825G>A p.(Gly1942Asp) Non-null Exon 18 
(A3) 

27 Substitution / Nonsense c.5883G>A p.(Trp1961*) Null Exon 18 
(A3) 

28 Substitution /Missense c.6273G>C p.(Lys2091Asn) Non-null Exon 21 
(C1) 

29 Substitution / Missense c.6278A>T p.(Asp2093Val) Non-null Exon 22 
(C1) 

30 Substitution / Missense c.5624T>G p.(Leu1875Arg) Non-null Exon 17 
(A3) 

31 Inversion 22   Null  

32 Inversion 22   Null  

33 Inversion 22   Null  

34 Substitution / Missense c.5825G>A p.(Gly1942Asp) Non-null Exon 18 
(A3) 

35 Inversion 22   Null  

36 
Substitution / Splice-cite 
change within conserved 

region 
c.6115+5G>A  Null Intron 19 

37 Substitution / Nonsense c.2440C>T p.(Arg814*) Null Exon 14 
(B) 

38 Substitution / Missense c.6545G>T p.(Arg2182Leu) Non-null Exon 23 
(C1) 

 
 
 
 
 
 
 
 
 
 
 

 

 

 



Table S3. EQ-5D-5L Dimension levels. 
EQ-5D-5L Profile, Index Value and EQ VAS.  
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1 3 2 2 2 1 32221 0.8498 80 

2 3 2 3 3 2 32332 0.7259 22 

3 1 1 1 1 1 11111 0.9755 90 

4 1 1 1 1 2 11112 0.943 80 

5 1 1 1 2 1 11121 0.9647 70 

6 1 1 1 1 1 11111 0.9755 98 

7 1 1 1 3 1 11131 0.9327 80 

8 2 1 1 3 1 21131 0.904 75 

9 1 1 1 2 1 11121 0.9647 90 

10 2 1 1 2 1 21121 0.936 80 

11 1 1 1 2 1 11121 0.9647 87 

12 3 1 1 1 1 31111 0.9409 80 

13 2 1 2 2 2 21222 0.8486 60 

14 MD MD MD MD MD MD MD MD 

15 1 1 1 1 1 11111 0.9755 95 

16 5 2 3 2 1 52321 0.7704 30 

17 1 1 1 1 1 11111 0.9755 85 

18 1 1 1 1 1 11111 0.9755 95 

O
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19 MD MD MD MD MD MD MD MD 

20 3 1 3 3 3 31333 0.697 50 

21 3 1 1 3 1 31131 0.8981 70 

22 MD MD MD MD MD MD MD MD 

23 1 1 1 2 1 11121 0.9647 95 

24 2 1 1 2 1 21121 0.936 92 

25 1 1 1 1 1 11111 0.9755 95 

26 1 1 1 2 1 11121 0.9647 80 

27 3 2 2 3 1 32231 0.8178 70 



28 1 1 1 1 1 11111 0.9755 90 

29 2 1 1 3 1 21131 0.904 80 

30 1 1 1 2 2 11122 0.9322 60 

31 2 1 2 3 1 21231 0.8491 60 

32 2 1 2 3 2 21232 0.8166 45 

33 2 1 1 2 1 21121 0.936 75 

34 1 1 1 1 1 11111 0.9755 95 

35 2 1 2 2 2 21222 0.8486 85 

36 1 1 1 2 1 11121 0.9647 75 

37 MD MD MD MD MD MD MD MD 

38 2 1 1 2 2 21122 0.9035 70 
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Abstract  
 

Introduction 

Primary prophylaxis is the gold standard in severe haemophilia A (SHA) but time 
to escalate the prophylaxis regimen varies.    

Aim 

Assess prophylaxis implementation and long-term joint health outcomes in SHA 
with primary prophylaxis.  

Methods 

Adult male patients born after 1980, with SHA on primary prophylaxis, started 
before the age of three years and second joint bleed, and no history of FVIII 
inhibitors, were enrolled. Repeated joint-health examinations were performed with 
HJHS or HEAD-US; VERITAS-PRO assessed adherence. 

Results 

Thirty patients were enrolled with, at inclusion, median age 33.5 years, annualized 
bleed rate and joint bleed rate 0, and FVIII consumption 4232 IU/kg/year, 
respectively. The median age was 1.2 years, at prophylaxis start once weekly with 
a median FVIII dose of 47.7 IU/Kg, and 1.7 years, by the time escalation to a final 
regimen had occurred, with a median infusion frequency of thrice weekly and FVIII 
dose 41.7 IU/Kg, respectively. Older age correlated with later transition to escalated 
prophylaxis (p<0.001). Longer time to escalated prophylaxis correlated to more 
bleeds (p<0.001). Median HJHS increased slowly, reaching 4 at 35-40 years. HJHS 
at 15-20 years correlated with higher HJHS afterwards. Median total HEAD-US 
score was 1 and correlated with HJHS (p<0.001).  Median VERITAS-PRO score 
was 36, indicating good treatment adherence.   

Conclusions  

Primary prophylaxis is effective but does not completely prevent the gradual 
development of arthropathy in SHA. Joint assessments with HJHS should start at an 
early age, as they correlate with arthropathy in later life. Prophylaxis escalation 
should proceed expeditiously to prevent bleeds.   

 

 

 



3 

1. Introduction 
The efficacy of prophylactic factor replacement in decreasing the frequency of joint 
haemorrhages and the development of arthropathy in patients with severe 
haemophilia A (SHA) has been established in randomised clinical studies.1-3 
Therefore, for many decades, primary prophylaxis has been considered to be the 
gold standard for treatment. Importantly, once established, arthropathy will mainly 
be irreversible and in most cases worsen, despite the use of preventive therapies.4,5 
The use of primary prophylaxis, i.e. the start of prophylaxis before the second joint 
bleed and age of three years,6 is therefore crucial. However, the initial phase of 
prophylaxis implementation will differ. Data on the potential impact of this period 
on long-term outcomes are limited.  
The practice in Sweden during the last decades has consisted of starting primary 
prophylaxis once weekly at about 1 year of age and as soon as possible transition to 
a dose escalated “final” implemented regimen, at least twice weekly. Nevertheless, 
interpersonal variation in early bleeding patterns and pharmacokinetics, as well as 
in the propensity for the development of arthropathy, need to be taken into account.7-

9 The exact time point for starting prophylaxis and the time to prophylaxis escalation 
may vary with an associated risk for bleeds.10 Earlier onset of joint bleeds can be a 
predictor of more severe arthropathy and higher factor product consumption later in 
life.11 Importantly, adherence to treatment should always be considered, i.e. the 
active choice by patients to engage in following their treatment and take 
responsibility for their well-being,12 since this may significantly impact upon 
treatment outcome, regardless of the prophylactic regimen used.13  
The aim of this study was to evaluate long-term joint-health outcomes with the 
Swedish primary prophylaxis strategy and correlate this to how prophylaxis was 
implemented in childhood, i.e., the initial treatment provided, time until prophylaxis 
was escalated and the final regimen’s intensity, the bleeding phenotype, and 
adherence to treatment.  

2. Methods  

2.1. Study Design  
This is a retrospective double-centre study, enrolling adult male patients with SHA 
(baseline FVIII:C < 1 IU/dL), born after the year 1980 and treated at the haemophilia 
comprehensive care centres (HCCC) in Malmö and Gothenburg, Sweden. All 
enrolled patients had received primary prophylaxis, i.e., prophylaxis that started 
before the second clinically evident joint bleed and age of three years. Patients with 
a history of inhibitor to factor VIII (FVIII) were excluded.   



4 

2.2. Clinical data collection  
Data from the patient’s last regular visit regarding age, height, weight, bleeds, and 
joint bleeds were collected and used to calculate the annualized joint bleeding rate 
(AJBR) and annualized bleeding rate (ABR). Additionally, data regarding current 
treatment with standard half-life (SHL) or extended half-life (EHL) recombinant 
FVIII (rFVIII) product, the current infusion dose (IU/kg), history of orthopaedic 
interventions, and presence of chronic pain and pain medication, were collected. A 
target joint was defined as the patient having ≥ three bleeds in that joint during a 
six-month period. Knowledge of previous family members with HA was considered 
positive heredity. The pathogenetic F8 gene variants were characterized using 
routine methods at the genetic haemophilia laboratory associated with the Malmö 
HCCC. The F8 genotype was classified as null (i.e. inversions, nonsense variants, 
small deletions/insertions outside poly-A-runs, splice site variants within conserved 
regions, large deletions and deletions of the promoter) or non-null (i.e. missense 
variants, small deletions/insertions inside poly-A-runs and splice site mutations of 
non-conserved nucleotides), with no predicted measurable levels of FVIII antigen 
in the null genotype.14 Adherence to treatment was assessed by the haemophilia-
specific questionnaire Validated Hemophilia Regimen Treatment Adherence Scale–
Prophylaxis (VERITAS-Pro),15 which examines outcomes in six subcategories 
(Time, Dose, Plan, Remember, Skip and Communicate) and provides a total score. 
A cut-off level of 57 defines non-adherence.15,16   

Data on the bleeding phenotype and treatment characteristics during prophylaxis 
implementation in childhood were collected from patient medical records. The time 
point and FVIII product dosing at weekly prophylaxis start and when escalation to 
the final implemented regimen had occurred, the regimens’ intensity, impact of 
central venous access, and bleeds requiring FVIII infusion, both prior to and during 
prophylaxis implementation, were documented.  

Joint status was assessed retrospectively from medical records and the Swedish 
haemophilia registry, for a period of up to 35 years with a 3 to 5 years interval. At 
least three assessments per patient were performed. Joint health of the elbow, knee, 
and ankle joints was assessed at both centres by physicians and/or physiotherapists 
with experience in haemophilia. The Haemophilia Joint Health Score (HJHS)17 
assessed joint health up to the latest follow-up visit. The World Federation of 
Haemophilia (WFH) Orthopaedic Joint Score18 was used prior to 2006, and then 
converted to corresponding HJH scores by a physiotherapist or physician. The 
selected assessments were all performed in a non-bleeding state, i.e., without recent 
bleeding or inflammation. Ultrasound examinations of joint health were performed 
with the HEAD-US (Haemophilia Early Arthropathy Detection with Ultrasound) 
protocol,19 by physiotherapists or physicians with HEAD-US experience, at earliest 
5 years prior to inclusion and after the patients’ 18th year. HEAD-US assesses 
synovial hypertrophy, cartilage and bone damage at a point-of-care setting. A joint 
with previous arthroplasty was assessed as missing data and inability to examine the 
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joint because of arthropathy-related reduced range of motion resulted in a maximum 
(worst) score of 8.  

2.3. Statistics 
Descriptive statistics in the form of median and interquartile ranges (IQR 25th -75th 
percentile) described continuous variables. Mann-Whitney U test for independent 
non-parametric variables and Spearman’s ρ for correlation analysis, were performed 
using SPSS software, version 25 (IBM, Chicago, IL). A p-value <0.05 was 
statistically significant.   

3. Results 

3.1. Patient and treatment characteristics at study inclusion  
Thirty adult male patients (out of 35 eligible) with severe HA on primary 
prophylaxis, born after 1980 and with no history of inhibitors, were enrolled 
(clinical characteristics shown in supplementary Table S1). Median age at study 
inclusion was 33.5 years (24.3-38) and median BMI was 24.8 (22.9-28.9). All had 
uninterrupted prophylaxis. Eleven patients had a known family history of 
haemophilia. Twenty-six patients had null F8 genotype and four had non-null 
genotype (Table S2).  

3.2. Early bleeding phenotype and prophylaxis implementation in childhood 
At prophylaxis start in childhood, with a median of once-weekly infusions (range 
once weekly to every other day) and a median FVIII dose of 47.8 (33.9-54.2) IU/kg, 
age was a median of 1.2 (1-1.3) years. At the time prophylaxis had been escalated 
to a final regimen, with median infusion frequency 3 times per week (ranging from 
twice weekly to every day) and a median FVIII dose of 41.7 IU/kg (37.2-45.6), age 
was a median of 1.7 (1.3-1.8) years (Figure S1). Before prophylaxis began, there 
were a median of 0 joint (0-0) and 1 non-joint (1-3) bleeds. Median 0 (0-0) joint and 
0 (0-0) non-joint bleeds occurred at the period from start to escalated prophylaxis 
(Table S2).  

There was significant correlation between the time from start to escalated 
prophylaxis and the incidence of joint (ρ=0.470, p<0.018) and non-joint (ρ=0.703, 
p<0.001) bleeds (Figure 1). Older age at inclusion correlated with older age to 
escalated prophylaxis (ρ=0.691, p< 0.001). The insertion of a subcutaneous venous 
port (SVP) (n=14) did not impact upon the age for prophylaxis start (median 1.2 
years with SVP vs 1.3 years without) but correlated with a significantly shorter time 
between start and escalated prophylaxis (median 0.3 vs 0.7 years, p=0.024) and 
fewer non-joint bleeds (ρ=0.542, p=0.004) prior to escalated prophylaxis. The F8 
genotype (null vs. non-null) and knowledge of heredity did not impact upon early 
bleeds or prophylaxis (not shown).  
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Figure 1.  Significant correlations between clinical variables. 
All correlations were performed with Spearman’s ρ. Only statistically significant correlations (p <0.05) 
after sensitivity analysis are shown. *Refers to bleeds that occurred in the period between start and 
escalated prophylaxis Abbreviations: HJHS: Haemophilia Joint Health Score, HEAD-US: Haemophilia 
Early Arthropathy Detection with Ultrasound, Proph: prophylaxis, Y:years 
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3.3. Treatment characteristics in adulthood  
Median yearly FVIII consumption was 4232 (3631- 4672) IU/kg/year. ABR and 
AJBR were calculated for the period (median 12 months) between the patients’ two 
latest regular visits. Median AJBR was 0 (0-0) and ABR was 0 (0-0). There were 
no reported target joints. Median VERITAS-PRO score was 36 (30-42). A score < 
56 was seen in all patients, signifying an adherence rate of 100%. Best results were 
observed in sub-categories of “dosing” and “skipping”; worse results were observed 
in “timing”, “remembering” and “communication” (Figure S1).   

At their last visit, 21 patients were treated with SHL products and 9 with EHL 
products (Table S1). The median age was 34 (31.5-39) vs. 25 (21-35) years 
(p=0.05), the median FVIII consumption was 4386 (3622-4672) vs. 4056 (3441-
4056) IU/kg/year, and the median HJHS was 2 (2-8) vs 2 (2-2) for the SHL vs. EHL 
groups, respectively.  The ABR was 0 (0-0) for both SHL and EHL groups. The 
EHL group switched a median of 5 (range 2-6) years before inclusion. The choice 
of product type did not impact upon adherence (not shown).  

3.4. Joint health from childhood to adulthood 
The patients’ HJHS increased slowly through the decades, being a median of 0 until 
the 20-25 years period, when it became a median of 1, and reaching a median of 4 
at 35-40 years (Figure 2). The median HJHS of both elbows was 0 at all assessments. 
The median HJHS of both knees was 0 up to 25-30 years, when it became a median 
of 1 and remained at 1 afterwards. The median HJHS of the left ankle was 0 at all 
time periods. In the right ankle, median HJHS was 0 until it became 1 at the 35-40 
years period (Table 1).  

Multiple significant correlations between HJHS in youths (15-20 years) and later in 
life, i.e., at 20-25 years (ρ=0.716, p<0.001), 25-30 years (ρ=0.629, p=0.02) and 35-
40 years (ρ=0.651, p=0.022), were identified. The worst HJHS value for each patient 
correlated to their age (ρ=0.498, p=0.007) at transition to the final prophylaxis 
regimen (Figure 1).  

Five of the six patients who reported chronic pain used paracetamol or anti-
inflammatory agents, except patient #24, who also used short-acting opioids (Table 
S1). Three patients underwent orthopaedical interventions, i.e., two synovectomies 
with Yttrium-90 (patient #1 in the right knee at age 20 years and #24 in the right 
elbow at age 25 years) and one right elbow arthroscopy with synovectomy (#27 at 
age 34 years).  

HEAD-US evaluation was performed in 26 patients, at a median age of 32 years 
(21.5-36). The median total HEAD-US score was 1 (0-2). The median score was 0 
(0-0) for elbow, knee, and ankle joints (Table 1). Bone or cartilage changes were 
identified in six right (23.1%) and five left (19.2%) ankle joints, respectively (Table 
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S3). In some cases, the assessor could not with certainty distinguish between bone 
and cartilage damage, but the scoring was documented as bone damage. Significant 
correlations were found between HEAD-US and HJHS in multiple periods in 
adulthood (Figure 1).  

A pristine joint was defined as an evaluated joint with both HJHS < 4 and HEAD-
US without any signs of bone or cartilage damage, as published previously.20 Joints 
with HJHS ≥ 4 as the sole finding were defined as non-pristine even in the absence 
of HEAD-US evaluation. The right ankle joint was the most affected, as 76% of 
joints (19/25) were classified as pristine, whereas 84% (21/25) of left ankle, and 
86.5% (45/52) of all knee joints were pristine. All left elbow joints (28/28) and 
84.6% (22/26) of right elbow joints were classified as pristine (Table 1).  

Table 1.  
Joint health development through progressive age periods. Median (IQR) values.  

Joint 
HJHS in different age periods (years) HEAD-

US 

Pristine 
joints 

n/N (%) 5-10 10-15 15-20 20-25 25-30 30-35 35-40 

Right 
elbow 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

0 
(0-1) 

0 
(0-2.5) 

0 
(0-0) 

22/26 
(84.6%) 

Left 
elbow 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

25/25 
(100%) 

Right 
knee 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

1 
(0-1) 

1 
(0-1) 

1 
(0-1) 

0 
(0-0) 

23/26 
(88.4%) 

Left 
knee 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

1 
(0-1) 

1 
(0-1) 

1 
(0-1) 

0 
(0-0) 

22/26 
(84.6%) 

Right 
ankle 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

0 
(0-1) 

1 
(0-2) 

0 
(0-0) 

19/25 
(76%) 

Left 
ankle 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

0 
(0-1) 

0 
(0-1) 

0 
(0-0) 

21/25 
(84%) 

Total 
HJHS 

0 
(0-0) 

0 
(0-0) 

0 
(0-1) 

1 
(0-2) 

2 
(2-5) 

2       
(2-6) 

4        
(2-7) 

1 
(0-2) 

132/153 
(86.3,%) 
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Figure 2.  
A. Median HJHS (Haemophilia Joint Health Score) development at progressive time periods of the 
patients’ lives. B. Development of average value of cumulative HJHS through the years. 
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4. Discussion  
Freedom from joint bleeds and the prevention of joint damage have been the 
paramount goals of primary prophylaxis in SHA.21 However, the time to reach the 
final escalated regimen during prophylaxis implementation will differ between 
patients. The aim of this study was to assess the long-term joint outcomes with 
primary prophylaxis in SHA and to evaluate the impact of the bleeding phenotype 
and implementation patterns in childhood in a Swedish cohort of adult males with 
uninterrupted primary prophylaxis. Joint health was assessed by HJHS at multiple 
time periods in the patients’ lives and by HEAD-US at adulthood. Patients with 
present or previous FVIII inhibitors were excluded, as the presence of inhibitors 
increases the bleeding tendency.22,23  

Our cohort had overall very good joint health, with the median cumulative HJHS 
remaining at 0 during youth and adolescence stages up to the 20-25 years period. 
The median HJHS 0 in adolescence is consistent with recent studies.20,24 Afterwards, 
HJHS rose slowly, reaching a median of 4 at 35-40 years, but with an upward 
trajectory (Table 1 and Figure 2), similarly to previous studies showing that early 
prophylaxis cannot completely prevent joint damage.25 The impact of ageing on 
HJHS and HEAD-us scores needs to be considered, and HJHS increases with age 
despite prophylaxis,26 but the observed median HJHS of 4 at 35-40 years is higher 
than seen in age-matched non-haemophiliacs,27 and likely representative of 
arthropathy.  Nonetheless, our findings indicate that high-intensity primary 
prophylaxis delays arthropathy and 40% (10 of 26) of patients had pristine joints.  
Higher HJHS in adolescence and early adulthood correlated to worse joint outcomes 
later in life, emphasising the importance of close follow-up and early joint 
assessments. Only six patients (20%) reported pain, even though 60% (16/26) had 
at least one non-pristine joint, and three had undergone synovectomies, which 
signals the subjective nature of pain and raises the possibility of subclinical bleeds 
affecting the cohort.   

In this study we also assessed the bleeding phenotype and treatment escalation 
patterns at prophylaxis implementation. The period from the start regimen to the 
escalated prophylaxis regimen was shorter in patients born more recently and in 
those with an SVP, which correlated to fewer bleeds and possibly reflects changing 
treatment practice. Insertion of an SVP should thus be considered if there is 
difficulty reaching the injection frequency required for full prophylaxis.   

In this primary prophylaxis cohort, bleeds prior to prophylaxis start did not 
significantly impact upon later outcomes. However, the length of time it took to 
escalate the prophylaxis regimen correlated with bleeding episodes and worse HJHS 
in adulthood, indicating the need for rapid transition to more intensive regimens. All 
patients had uninterrupted prophylaxis and after their prophylaxis regimen had been 
escalated, most patients were treated with high-dose prophylaxis, defined as FVIII 
consumption above 4000 IU/kg/year.28  
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The finding that 133 of 153 (86.3%) assessed joints were classified as pristine based 
on an HJHS < 4 and HEAD-US without bone or cartilage damage, is also indicative 
of the generally favourable observed joint outcomes. However, even though median 
HJHS for ankle joints was 0 at almost all time points (becoming 1 at 35-40 years in 
the right ankle), HEAD-US showed bone or cartilage changes in 10 of 50 assessed 
ankles (80%) and only 76% of right ankle joints were deemed to be pristine. This is 
consistent with a recent magnetic resonance imaging (MRI) evaluation of a younger 
(mean age 23.5 years) Swedish moderate and severe haemophilia cohort that 
showed osteochondral changes in the ankle but not the knee joints.29 HJHS and 
HEAD-US have shown good inter-rater reliability and correlation with MRI 
findings of synovial hypertrophy and osteochondral damage, even when performed 
by non-radiologists.30-32  

Both elbow joints had a median HJHS of 0 at all assessments. However, the right 
elbow joint was somewhat more affected, with 84.6% pristine joints (Table 1), 
whereas all left elbows were deemed to be pristine. Furthermore, two of the three 
performed synovectomies in this cohort were in the right elbow. A recent study 
evaluating subjectively affected joints in a German haemophilia cohort also showed 
a higher degree of problems in the right elbow joint.33 This may be a consequence 
of the higher percentage of right-handed persons34, but needs to be further evaluated. 
Median HJHS of both knee joints became 1 at the 25-30 years period (and remained 
1 afterwards) and 45 of 52 assessed knees (86.5%) were classified as pristine, 
suggesting that primary prophylaxis is highly efficient in preserving knee joint 
health, which is in unison with MRI findings in a Swedish primary prophylaxis 
cohort,29 but in slight contrast to an adolescent HA cohort, in which knees were 
marginally more affected than ankles, but the overall joint health was very good.20  

In adulthood, approximately two-thirds of the patients were treated with SHL 
products. The EHL cohort was younger and the switch to EHL has not significantly 
influenced outcomes, as measured by bleeding, FVIII consumption, and HJHS. The 
previous pandemic leading to reluctancy for regimen changes and participation in 
clinical studies possibly contributed to the continuous use of SHL products. The 
very low bleeding rates in adulthood may also be related to the cohort’s high 
adherence rate of 100%.35  

Our study has limitations, such as a retrospective design and that assessment of joint 
health was performed with HJHS and HEAD-US, which are dependent on operator 
skill.36 MRI can show haemosiderin deposits and detect subclinical joint bleeds, 
occurring in approximately 16% of severe HA patients despite prophylaxis37, which 
our study could not assess. In the HEAD-US analysis, some underdiagnosis of 
cartilage damage may have occurred, possibly implying worse joint outcomes.  As 
a result of the small sample size, our study was most likely underpowered to 
discover all significant correlations between the examined clinical variables and, as 
in a previous study,24 no mathematical correction was applied for multiple 
comparisons. Moreover, we cannot be certain that treatment patterns remained 
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unchanged for all patients during their lives, which may have impacted upon joint 
outcomes. Our study has nonetheless strengths, mainly the well-documented 
assessment of joint health trough over a great length of time and thorough 
characterization of the clinical phenotype and treatment practice, both in childhood 
and adulthood. The risk of selection bias is small, as 85.7% of eligible patients at 
the two centres were included. Finally, this study is one of the few to examine long-
term outcomes in an adult population with primary prophylaxis. 

In conclusion, this study shows that the primary prophylaxis regimen used in 
Sweden for decades is effective but does not completely prevent the gradual 
development of arthropathy in SHA. Furthermore, prophylaxis escalation should 
occur as early as possible in order to prevent bleeds and when needed, an SVP or 
switch to non-factor replacement may be considered. Higher HJHS in adolescence 
and early adulthood correlated with worse joint outcomes later in life, which 
illustrates the importance of close follow-up and early joint assessments.  
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Figure S1. Clinical and treatment characteristics at prophylaxis start and study inclusion.  
Age, FVIII dose and annual consumption, joint and non-joint bleeds, ABR and AJBR refer to median 
values. ABR: annualized bleeding rate, AJBR: annualized joint bleeding rate, SVP: subcutaneous 
venous port, SHL: standard half-life FVIII product, EHL: extended half-life FVIII product 

Table S1. Evaluation at study inclusion. 
HJHS: haemophilia joint health score. Worst: highest HJHS measurement and the age period it was first 
documented BMI: Body Mass Index, Y: years, Proph: prophylaxis, IU: international units, Kg: kilograms, 
AJBR: Annualized Joint Bleeding Rate, ABR: Annualized Bleeding Rate, SHL: standard half-life, EHL: 
extended half-life, †paracetamol ‡COX-2 inhibitor, §NSAID: non-steroidal anti-inflammatory drug,
*short-acting opiate.

Patient-
ID 

Age at 
inclusion 

(Y) 
BMI 

FVIII 
product 

type 

Yearly FVIII 
consumption 
(IU/Kg/Year) 

AJBR ABR 

Worst 
HJHS 

(Period 
in Yrs) 

Total 
VERI
TAS-
PRO 

Chronic 
pain 

1 36 29.8 SHL 4659 0 0 14 (30-
35) 

35 No ‡ 

2 34 29.5 SHL 3640 1.3 1.3 2 (25-
30) 

42 No 

3 37 23.6 SHL 4672 0 1.2 4 (30-
35) 

30 No 

4 29 23.5 SHL 4672 0 0 8 (25-
30) 

32 No 

5 41 38.5 SHL 3604 0 0 2 (35-
40) 

26 Yes † 

6 33 22.2 SHL 4672 0 0 2 (25-
30) 

42 No 

7 31 38.5 SHL 5658 0 0 2 (25-
30) 

29 No 

8 34 27.6 SHL 4859 0 0 6 (30-
35) 

45 No 
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9 19 23.3 SHL 4277 0 1 0 (15-
20) 

41 No 

10 26 29.6 EHL 2662 0 0 2 (25-
30) 

39 No 

11 38 25.1 SHL 4186 0 0 7 (35-
40) 

35 No 

12 40 25.5 SHL 5438 0 0 2 (25-
30) 

24 Yes † ‡ 

13 22 24.9 EHL 4056 0 0 2 (15-
20) 

37 No 

14 35 22.0 SHL 3731 0 0 2 (20-
25) 

38 No 

15 40 28.1 SHL 3385 0 0 3 (35-
40) 

38 No 

16 38 33.7 SHL 3185 0 1 9 (30-
35) 

40 Yes § 

17 34 22.1 SHL 4386 0 0.8 11 (30-
35) 

51 No † 

18 20 23.7 EHL 4807 0 0 2 (15-
20) 

55 No 

19 26 24.6 EHL 3840 0 0 2 (25-
30) 

26 No 

20 38 28.7 SHL 4131 0 0 4 (35-
40) 

44 No 

21 40 23.6 EHL 3952 0 0 8 (35-
40) 

36 No 

22 22 24.7 EHL 4386 0 0 3 (15-
20) 

31 Yes 

23 22 26.9 SHL 7921 0 0 0 (20-
25) 

26 No 

24 41 21.4 SHL 2808 0 0 12 (35-
40) 

34 Yes * 

25 32 22.6 SHL 4659 0 0 2 (25-
30) 

48 No 

26 32 22.2 EHL 3043 0 0.3 2 (20-
25) 

56 No 

27 38 28.7 EHL 4150 0 0 6 (20-
25) 

34 No † 

28 42 31.0 SHL 3214 0 0 0 (35-
40) 

32 Yes † ‡ 

29 18 23 SHL 4490 0 0 1 (10-
15) 

26 No 

30 18 20.8 EHL 4597 0 0 3 (15-
20) 

30 No 
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Table S2. Early bleeding phenotype and prophylaxis data. 
* All patients were treated with standard half-life product at full prophylaxis, †Null genotype, ‡Non-null
genotype, §Small deletion/insertion within poly-A-run, x3/W: three times weekly prophylaxis, x2/W: twice
weekly prophylaxis, ED: every day prophylaxis, EOD: every other day prpophylaxis MD: missing data.
DirectFP: full prophylaxis was started directly, Y: years, IU: international units Kg: kilograms, SVP:
subcutenous venous port, proph: prophylaxis, cons: consumption.

PA
T-

ID
 

Genetic aspects Prior to 
prophylaxi
s 

Start regimen  Time to 
escalated 
prophylaxis 

Escalated prophylaxis 
regimen 

Fa
m

ily
 h
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ry
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f 
ha

em
op

hi
lia

 

G
en

ot
yp
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 jo
in

t b
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ed
s 

 

N
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in

t b
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at
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rt 
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 p
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ph

yl
ax

is
 

(Y
) 

St
ar

t r
eg

im
en

 d
os

e 
(IU

/K
g)

 

Ti
m

e 
fro

m
 s

ta
rt 

to
 fi

na
l 

re
gi

m
en

 (Y
) 

Jo
in

t b
le

ed
s 

N
on

-jo
in

t b
le

ed
s 

Ag
e 

at
 fi

na
l r

eg
im

en
  (

Y)
 

Es
ca

la
te

d 
fin

al
 re

gi
m

en
 

fre
qu

en
cy

  

D
os

e 
(IU

/k
g)

* 

FV
III

 C
on

s 
IU

/k
g/

Y 

1 No Inv Intron 
22† 

0 4 1.2 35.7 0.6 0 0 1.8 x3/
W 

35.
7 

556
9 

2 Yes Small 
deletion 
or 
insertion 
<50bp† 

MD MD MD MD MD MD MD MD MD MD MD 

3 No Inv Intron 
22† 

1 0 1 55.6 0.8 1 0 1.8 x3/
W 

41,
7 

650
5 

4 Yes Small 
deletion 
or 
insertion 
<50bp§‡ 

0 3 1.3 Direct 
Escalatio
n 

0 0 0 1.3 x3/
W 

45,
4 

708
2 

5 No Inv Intron 
22† 

0 1 1.3 50 4.7 4 1 6 x3/
W 

58,
8 

917
3 

6 No Inv Intron 
22† 

0 4 1.3 55.6 0.9 0 3 2.2 x3/
W 

36,
7 

572
5 

7 Yes Inv Intron 
22† 

0 0 0.8 Direct 
Escalatio
n  

0 0 0 0.8 x3/
W 

50 780
0 

8 No Small 
deletion 
or 
insertion 
<50bp§‡ 

0 1 2 10 0.2 0 0 2.2 x3/
W 

41.
7 

650
5 
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9 Yes Small 
deletion 
or 
insertion 
<50bp† 

0 1 1.2 50 0.1 0 0 1.3 x3/
W 

45.
6 

711
4 

10 No Small 
deletion 
or 
insertion 
<50bp† 

0 0 1.4 45.5 0.3 0 0 1.7 x3/
W 

45.
5 

709
8 

11 No Small 
deletion 
or 
insertion 
<50bp† 

MD MD MD MD MD MD MD MD MD MD MD 

12 Yes Inv Intron 
22† 

0 1 1.3 Direct 
Escalatio
n 

0 0 0 1.3 x3/
W 

41.
7 

650
5 

13 No Nonsens
e 
mutation
† 

0 1 1 50 0.7 1 2 1.7 x3/
W 

41.
7 

650
5 

14 No Inv Intron 
1† 

1 2 1.1 33.3 0.6 0 0 1.7 x3/
W 

33.
3 

519
5 

15 No Small 
deletion 
or 
insertion 
<50bp† 

0 1 1.7 33.3 3.5 0 6 5.2 x3/
W 

41.
6 

649
0 

16 No Inv Intron 
1† 

0 1 0.9 50 0.6 0 1 1.5 x3/
W 

45.
5 

709
8 

17 No Nonsens
e 
mutation
† 

0 2 1.3 41.7 0.5 0 0 1.8 x3/
W 

33.
3 

519
5 

18 No Missense 
mutation 
‡ 

0 2 1.2 Direct 
Escalatio
n 

0 0 0 1.2 EOD 40 728
0 

19 Yes Small 
deletion 
or 
insertion 
<50bp† 

0 2 1 31.25 0.6 0 0 1.6 x3/
W 

23 358
8 
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20 No Missense 
mutation 
‡ 

MD MD 1.3 MD MD MD MD MD MD MD MD 

21 Yes Inv Intron 
22† 

0 1 2.2 83.3 MD 0 0 MD x2/
W 

71.
4 

742
6 

22 No Small 
deletion 
or 
insertion 
<50bp† 

0 4 1.2 55.55 0.3 0 0 1.5 x3/
W 

52.
6 

820
6 

23 No Inv Intron 
22† 

1 0 1.3 Direct 
Escalatio
n 

0 0 0 1.3 x3/
W 

38.
5 

600
6 

24 Yes Inv Intron 
22† 

0 1 0.5 58.8 1.8 0 5 2.3 x2/
W 

33.
3 

346
3 

25 No Inv Intron 
22† 

0 5 1.2 12 0.5 0 0 1.7 x2/
W 

MD MD 

26 Yes Inv Intron 
22† 

1 3 1.5 50 0.3 0 0 1.8 x2/
W 

47.
6 

495
0 

27 No Small 
deletion 
or 
insertion 
<50bp† 

1 3 1.4 43.5 0.4 0 0 1.8 x3/
W 

43.
5 

678
6 

28 No Inv Intron 
22† 

MD MD MD MD MD MD MD MD MD MD MD 

29 Yes Small 
deletion 
or 
insertion 
<50bp† 

1 2 0.9 MD 0.3 0 0 1.2 x3/
W 

MD MD 

30 Yes Inv Intron 
22† 

0 1 1.1 41.7 0.2 0 0 1.3 ED 41.
7 

758
9 
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Table S3. HEAD-US assessment at adulthood.  
ROM: Range of motion. B: bone changes. C: cartilage changes S: synovial hypertrophy. 

Patient ID Age at 
analysis 
(Years) 

Right 
elbow 

Left elbow Right 
knee 

Left knee Right 
ankle 

Left ankle Total 
Score 

1 32 0 0 0 0 8 (no 
ROM) 

0 8

2 31 0 0 1B 0 0 0 1

3 32 0 0 1B 1B 0 0 2

4 25 0 0 0 1C 0 0 1

5 37 0 0 0 0 0 0 0

6 29 0 0 0 0 0 1B 1

7 

8 31 0 0 0 0 0 1B 1

9 18 0 0 0 0 0 0 0

10 22 0 0 0 0 0 0 0

11 34 0 0 0 0 0 0 0

12 37 0 0 0 0 1B 0 0

13 18 0 0 0 0 1B 0 1

14 30 0 0 1B 1B 0 0 2

15 35 0 0 0 1B 0 0 1

16 38 0 0 0 1S 0 1S 2

17 34 1C 0 0 0 4BC 5BCS 13

18 0 0

19 

20 

21 40 7BCS 0 0 0 1C 0 8

22 21 0 0 1S 0 0 0 1

23 19 0 0 0 0 2C 1C 3

24 

25 32 0 0 0 0 0 0 0

26 32 0 0 0 0 0 0 0

27 38 4BC 0 0 0 0 0 4

28 42 0 0 0 0 0 0 0

29 18 0 0 0 0 0 0 0

30 18 0 0 0 0 0 0 0
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