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ABSTRACT

Introduction: The current study describes real-
world clinical outcomes and factor usage among
patients with haemophilia B switching from
standard half-life factor IX (SHL FIX) treatment
to recombinant factor IX Fc fusion protein

(rFIXFc) prophylaxis in European treatment
centres.
Methods: This non-interventional, retrospec-
tive, multicentre chart review evaluated medical
records from adult and paediatric patients with
haemophilia B in Denmark, Germany and the
UK. Patients had documented SHL FIX treat-
ment, on-demand or prophylaxis, for
C 6 months before starting rFIXFc prophylaxis,
and subsequent data for C 6 months afterwards
(up to 24 months). Primary endpoints included
annualised bleeding rates (ABRs), prophylactic
factor consumption and injection frequency.
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Results: Data from 30 patients (24/30 [80.0%]
with severe disease) showed overall mean (s-
tandard deviation, SD) ABRs of 4.7 (6.3) on
SHL FIX treatment and 1.7 (2.3) after switching
to rFIXFc prophylaxis. The reduction in mean
(SD) ABRs was greater when switching from
SHL FIX on-demand treatment (n = 6), with a
decrease from 10.5 (9.9) to 2.6 (4.5), than
when switching from SHL FIX prophylaxis
(n = 24), with a decrease from 3.3 (4.3) to 1.5
(1.4). Among prior SHL FIX prophylaxis
patients, switching to rFIXFc prophylaxis
increased the proportion of those with zero
bleeds from 21.7% to 45.8% during the
6 months before and after switching, respec-
tively. In the total population, five of six target
joints (83.3%) present when patients started
rFIXFc prophylaxis subsequently resolved. In
patients switching from SHL FIX prophylaxis to
rFIXFc prophylaxis, mean (SD) weekly injection
frequency was reduced by 1.0 (0.7) and mean
(SD) factor consumption was reduced by 27.7
(49.6) IU/kg/week.
Conclusion: This study demonstrates the
effectiveness of rFIXFc prophylaxis in real-world
clinical practice. Improvements in both clinical
effectiveness and factor usage associated with
rFIXFc prophylaxis may potentially reduce
patient burden and improve quality of life.

Keywords: Annualised bleeding rate; Factor
consumption; Factor IX; Haemophilia B;
Injection frequency; Prophylaxis; Real-world;
Recombinant factor IX Fc fusion protein;
Standard half-life therapy

Key Summary Points

Why carry out this study?

As clinical trials evaluate drugs in an
environment that controls for external
‘real-life’ factors, they are limited by, for
example, restrictions in the study
population and mandated dose/treatment
intervals.

Data on the effectiveness and usage of
recombinant factor IX Fc fusion protein
(rFIXFc) prophylaxis in patients with
haemophilia B in the real-world clinical
setting are beneficial to add to efficacy
data from clinical trials.

What was learned from the study?

The current study describes clinical
outcomes and factor usage among
patients with haemophilia B switching
from standard half-life factor IX (SHL FIX)
treatment to rFIXFc prophylaxis in
European treatment centres.

During rFIXFc prophylaxis, compared to
previous SHL FIX treatment, patients had
reduced bleeding, with consequent
benefits for joints; factor consumption
and injection frequency were reduced
compared to prior SHL FIX prophylaxis.

These real-word data demonstrate the
effectiveness of rFIXFc prophylaxis for up
to 24 months, in line with results from
clinical trials.

INTRODUCTION

Severe haemophilia B is characterised by fre-
quent and spontaneous bleeding episodes pri-
marily affecting joints and muscles; repeated
bleeds can lead to haemophilic arthropathy,
progressive chronic joint damage and overall
reduced quality of life (QoL) [1]. Impaired QoL
will disrupt many aspects of a patient’s life [2],
and evidence showing lower than optimal QoL
in those with haemophilia B highlights unmet
needs in the management of such individuals
[3].

For those with severe haemophilia B, as well
as patients with moderate haemophilia and a
severe bleeding phenotype, prophylaxis is the
standard of care, aiming to prevent bleeds,
maintain musculoskeletal health and benefit
QoL [1]. However, prophylaxis with standard
half-life (SHL) factor IX (FIX) therapies requires
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frequent injections, imposing an inherent bur-
den that can affect treatment adherence [1].
Recombinant FIX (rFIX) products that exhibit
an extended half-life can maintain higher factor
levels for longer periods of time and provide
prolonged protection from bleeding [4]. One
such product is rFIX Fc fusion protein
(rFIXFc)—approved for the treatment and pro-
phylaxis of bleeding in patients with
haemophilia B in all age groups [5, 6].

Data from the pivotal phase 3 trials, B-LONG
[7] (ClinicalTrials.gov identifier NCT01027364)
and Kids B-LONG (ClinicalTrials.gov identifier
NCT01440946) [8], have demonstrated the effi-
cacy and safety of rFIXFc in both adult and
paediatric patients. Results from the B-LONG
study showed rFIXFc to have a prolonged half-
life compared with rFIX (82.1 vs 17.0 h in
individuals aged C 12 years) [7], with conse-
quent reduced injection frequency when
switching from prophylaxis with conventional
products [9]. Prophylaxis with rFIXFc signifi-
cantly reduced annualised bleeding rates (ABRs)
compared to on-demand treatment (P\0.001),
and one injection was able to resolve the
majority of bleeding episodes (90.4%) [7].
Improved bleed protection allows a more active
lifestyle with reduced pain [10]. Both studies
involved previously treated patients with no
detected inhibitors, and adverse events were
consistent with those expected in the general
haemophilia population [7, 8].

The long-term efficacy and safety of rFIXFc
were subsequently confirmed in the B-YOND
extension study (Clinicaltrials.gov identifier
NCT01425723), which enrolled subjects com-
pleting the B-LONG and Kids B-LONG trials,
who received cumulative (range) treatment
durations of 5.2 (0.7–6.5) and 3.4 (0.9–4.8)
years, respectively [11]. ABRs remained low with
extended dosing intervals throughout this fol-
low-up. In addition, B-LONG data also showed
rFIXFc to provide effective bleed control in
patients with haemophilia B undergoing minor
and major surgeries [7]. The PUPs B-LONG trial
[12] (Clinicaltrials.gov identifier NCT02234310)
demonstrated the product to be well tolerated,
with an adverse event profile, including hyper-
sensitivity and inhibitor formation, to be simi-
lar to that expected in previously untreated

patients with haemophilia B; rFIXFc was effec-
tive for prophylaxis and bleed treatment in this
previously untreated population.

Clinical trials evaluate drugs in an environ-
ment that controls for external ‘real-life’ factors
and, as such, are limited by, for example,
restrictions in the study population and man-
dated dose/treatment intervals. Data on the
real-world effectiveness and usage of rFIXFc
prophylaxis in a clinical setting are beneficial to
add to the evidence from clinical trials in rou-
tine clinical practice, and a number of real-
world evaluations of rFIXFc have been per-
formed [13–20].

The present study aimed to build on the
current evidence that has demonstrated the
efficacy of rFIXFc prophylaxis. It used real-world
data from paediatric, adolescent and adult
patients, reflecting the haemophilia B treated
population, and facilitated extended assess-
ment, with up to 24 months of follow-up. The
study objectives were to describe clinical out-
comes and factor usage for patients switching
from SHL FIX to rFIXFc prophylaxis in haemo-
philia treatment centres (HTCs) in Europe.

METHODS

Study Design

This was a non-interventional, retrospective,
multicentre chart review based on the medical
records of patients with haemophilia B who had
switched from a SHL FIX therapy to rFIXFc
prophylaxis. It was conducted in accordance
with the Guidelines for Good Pharmacoepi-
demiology Practices issued by the International
Society for Pharmacoepidemiology [21], with
country-specific ethics committee/institutional
review board/health authority approval
obtained, as appropriate. Submissions involved
the Regional Udvikling-Region Hovedstaden
(Centre for Regional Development-Capital
Region of Denmark) and the Regional Udvik-
ling-Region Midtjylland (Centre for Regional
Development-Central Denmark Region) in
Denmark, the Ethics Committee at the Medical
Faculty of the Rheinische Friedrich-Wilhelms-
Universität Bonn in Germany, and the Health
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Research Authority (HRA) in the UK. Patient
informed consent forms were required in Den-
mark and Germany, but, as the study was a
retrospective patient chart review with anon-
ymised data, not in the UK. In Denmark and
Germany, patients received the informed con-
sent forms together with information letters.
Patients were asked for permission to use
anonymised data from their medical records in
the study. Completed forms were mandatory
prior to data collection, before any data were
accessed for study purposes.

Between July 2021 and February 2022, data
were obtained from HTCs in Denmark, Ger-
many and the UK. Data relating to a time period
of at least 6 months (up to 12 months) prior to
switching until at least 6 months after the
switch (up to 24 months of rFIXFc prophylaxis,
or until death or loss to follow-up, whichever
occurred first) were collected for each patient.

Study Population

The study included adult and paediatric
patients with a clinical diagnosis of
haemophilia B who had documented treatment
with SHL FIX, administered either on-demand
or as prophylaxis, for at least 6 months prior to
the time at which rFIXFc prophylaxis was ini-
tiated (the index date), and a further minimum
of 6 months’ records thereafter.

Patients were excluded if their medical
records were not available for review, they had
FIX inhibitors (current or historic), or had
received treatment for haemophilia B as part of
an investigational medicinal product trial dur-
ing the observation period.

Study Objectives

The objectives of the study were to describe real-
world clinical outcomes and change in factor
usage for patients switching from SHL FIX to
rFIXFc prophylaxis; and describe the character-
istics of patients switching. Primary endpoints
evaluated ABRs, factor consumption and injec-
tion frequency, before and after switching from
SHL FIX treatment to prophylaxis with rFIXFc.
Secondary endpoints included annualised joint

bleeding rates (AjBRs) and annualised sponta-
neous bleeding rates (AsBRs) before and after
switching to rFIXFc prophylaxis. Other sec-
ondary endpoints were the duration of rFIXFc
prophylaxis treatment together with change in
ABR over time; target joint development and
resolution; changes in injection frequency and
factor consumption after switching to rFIXFc
prophylaxis for those patients previously on
SHL FIX prophylaxis. Target joints were defined
on the basis of International Society on
Thrombosis and Haemostasis criteria [22], being
joints affected by at least three spontaneous
bleeds over six consecutive months. Resolution
was considered to have occurred if a target joint
was subsequently affected by two or fewer
bleeds over 12 consecutive months. Reasons for
switching to rFIXFc prophylaxis were also col-
lected. No safety data were obtained.

Statistical Analyses

The primary and secondary endpoints were
summarised for the total population (including
all countries). Data were also stratified by
country, age group and according to the most
recent SHL FIX regimen received prior to rFIXFc
prophylaxis.

Descriptive statistics were used to provide
summary data. Continuous data were sum-
marised according to the number of observa-
tions, means, standard deviations (SD),
medians, interquartile ranges (IQR), and maxi-
mum and minimum values. Categorical vari-
ables were summarised using counts and
percentages.

RESULTS

Patient Population

Data relating to a total of 31 patients were col-
lected for this study, but one patient did not
fulfill the inclusion criteria, having less than
6 months’ documented follow-up on rFIXFc,
and was excluded from the analyses. Of the
remaining 30 patients, 9 were from Denmark, 9
from Germany and 12 from the UK.
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The characteristics of the study population
are summarised in Supplementary Table 1.

Twenty-six patients were 12 years or older
and four were between 0 and 11 years old. All
patients were male and the majority 24/30
(80.0%) had severe disease. Most (24/30
[80.0%]) had previously received SHL FIX pro-
phylaxis—the majority of these (20/24 [83.3%])
were treated twice a week (13/24 [54.2%]) or
more often (7/24 [29.2%]); 4/24 patients
(16.7%) were treated once a week. Six patients
switched from previous SHL FIX on-demand
treatment—most were at least 18 years of age
(5/6 [83.3%]) and had severe haemophilia (5/6
[83.3%]).

The mean (SD) number of follow-up months
during the pre-index period for the total popu-
lation was 12.3 (3.6): 14.9 (0.1) in Denmark,
13.7 (1.6) in Germany and 9.3 (3.8) in the UK.
The most frequently used product prior to
switching was nonacog alfa (27/30 [90.0%]
patients); the other patients (3/30 [10%]) had
received plasma-derived FIX. The most com-
mon reasons for switching to rFIXFc prophy-
laxis were reduced injection frequency while
maintaining protection from bleeds (22/30
patients [73.3%]), followed by improved pro-
tection from bleeds (18/30 patients [60.0%]).
Adherence issues (2/30 patients [6.7%]) and
difficulties with venous access (2/30 patients
[6.7%]) were also indicated as reasons for
switching, as was psychological stress related to
injection frequency (1/30 patients [3.3%]). The
mean (SD) number of follow-up months post-
rFIXFc for the total population was 22.3 (3.2):
23.4 (1.7) in Denmark, 23.5 (1.5) in Germany
and 20.8 (4.3) in the UK.

Clinical Outcomes

The median (IQR) ABRs before and after
switching to rFIXFc prophylaxis for the total
population (n = 30) were 2.0 (0.9, 6.5) and 1.0
(0.5, 2.0), respectively (Fig. 1). The mean (SD)
ABR values for the total population were 4.7
(6.3) before switching and 1.7 (2.3) during
rFIXFc prophylaxis, a reduction of 63.8%. The
change in mean ABRs was greater in patients
who switched from SHL FIX on-demand

treatment (n = 6), with a 75.2% reduction
(mean [SD] 10.5 [9.9] decreasing to 2.6 [4.5]),
than in patients previously treated with SHL FIX
prophylaxis (n = 24). However, a 54.5% reduc-
tion in mean ABR values after switching to
rFIXFc was still reported in those who had pre-
viously received SHL FIX prophylaxis (mean
[SD]) 3.3 [4.3] decreasing to 1.5 [1.4]).

AjBRs and AsBRs were also reduced or
maintained after switching to rFIXFc (Fig. 1).
For both outcomes, the mean values across all
patients were reduced by 75.0% (mean [SD]
values of 2.8 [5.5] and 2.0 [3.7], respectively,
before switching, decreasing to 0.7 [0.9] and 0.5
[1.4], respectively).

Longitudinal results showed the benefits of
rFIXFc prophylaxis over time (Supplementary
Table 2). For the total population, the ABR
between 12 and 24 months after switching to
rFIXFc prophylaxis (n = 20) was lower than
during the first 12 months of rFIXFc treatment
(n = 30) (mean [SD] 1.1 [1.3] versus 2.2 [2.6];
median [IQR] 1.0 [0.0, 1.0] versus 1.5 [0.2, 3.0]).

Among patients who had previously received
SHL FIX prophylaxis (n = 24), switching to
rFIXFc prophylaxis increased the proportion of
those with zero bleeds, from 21.7% (5/23) dur-
ing the last 6 months prior to switching, up to
45.8% (11/24) during the following 6 months
(Fig. 2). One patient, who had 5.9 months of
previous SHL FIX treatment, was not included
in the calculation of zero bleeds during the
6 months before switching.

Six target joints were present when patients
started on rFIXFc prophylaxis (four in patients
who had previously received on-demand ther-
apy [elbow n = 2, wrist n = 1 and knee n = 1]
and two in those previously treated with SHL
FIX prophylaxis [ankle n = 2]). Five of these six
(83.3%) target joints subsequently resolved
within the follow-up period. The target joint
that did not resolve was in the wrist of a patient
previously treated with on-demand therapy;
this patient also had a target joint in his elbow,
which did resolve. No new target joints devel-
oped in patients on rFIXFc prophylaxis.

The clinical benefits of rFIXFc prophylaxis
were observed consistently across countries
(Table 1).
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Factor Usage

In patients previously treated with SHL FIX
prophylaxis (n = 24), after switching to rFIXFc
prophylaxis, mean (SD) weekly injection

frequency was reduced by 1.0 (0.7) and mean
(SD) factor consumption was reduced by 27.7
(49.6) IU/kg/week (Table 1). Across age groups,
mean (SD) weekly injection and factor con-
sumption were reduced by 1.2 (0.3) and 13.4

Fig. 1 Annualised bleeding rates (overall ABR, AjBR and
AsBR) in patients (n = 30) before and after switching to
rFIXFc prophylaxis. Box plots show medians with IQRs.
Whiskers show maximum and minimum values. ABR

annualised bleeding rate, AjBR annualised joint bleeding
rate, AsBR annualised spontaneous bleeding rate, FIX
factor IX, IQR interquartile range, rFIXFc recombinant
factor IX Fc fusion protein, SHL standard half-life

Fig. 2 Proportions of patients with zero bleeds by bleed type in patients switching from standard half-life FIX prophylaxis
to rFIXFc prophylaxis (n = 24). FIX factor IX, rFIXFc recombinant factor IX Fc fusion protein, SHL standard half-life
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Table 1 Change in annualised bleeding rates and factor usage by country in patients switching from standard half-life FIX
prophylaxis to rFIXFc prophylaxis (n = 24)

Variable Total population (n = 30) Country

Denmark (n = 9) Germany (n = 9) UK (n = 12)

Annualised bleeding rates

ABR on SHL FIX prophylaxis n = 24 n = 7 n = 7 n = 10

Mean (SD) 3.3 (4.3) 3.1 (2.0) 0.7 (0.7) 5.3 (5.4)

Median (IQR) 1.8 (0.8, 4.2) 2.4 (2.0, 4.4) 0.8 (0.0, 1.3) 3.4 (2.0, 7.1)

Range 0.0–18.2 0.0–6.5 0.0–1.6 0.0–18.2

ABR on rFIXFc prophylaxis

(patients with prior SHL FIX

prophylaxis)

n = 24 n = 7 n = 7 n = 10

Mean (SD) 1.5 (1.4) 2.0 (0.8) 0.6 (1.2) 1.9 (1.7)

Median (IQR) 1.2 (0.4, 2.0) 1.9 (1.5, 2.1) 0.3 (0.0, 1.2) 1.3 (0.5, 3.8)

Range 0.0–4.5 0.0–3.0 0.0–2.0 0.0–4.5

Change in overall ABR after

switching from SHL FIX

prophylaxis to rFIXFc prophylaxis

n = 24 n = 7 n = 7 n = 10

Mean (SD) - 1.8 (4.4) - 1.0 (2.3) - 0.1 (1.2) - 3.4 (6.3)

Median (IQR) - 0.7 (- 2.9, 0.8) - 0.6 (- 2.1, 0.5) 0.0 (- 1.0, 0.3) - 1.9 (- 6.6, 1.4)

Range - 17.6 to 28.2 - 5.0 to 1.5 - 1.6 to 2.0 - 17.6 to 3.1

AsBR on SHL FIX prophylaxis n = 24 n = 7 n = 7 n = 10

Mean (SD) 1.1 (2.0) 0.7 (0.8) 0.6 (0.6) 1.8 (2.9)

Median (IQR) 0.0 (0.0, 1.1) 0.0 (0.0, 1.5) 0.8 (0.0, 0.8) 0.0 (0.0, 3.2)

Range 0.0–8.1 0.0–1.6 0.0–1.6 0.0–8.1

AsBR on rFIXFc prophylaxis

(patients with prior SHL FIX

prophylaxis)

n = 24 n = 7 n = 7 n = 10

Mean (SD) 0.4 (0.7) 0.4 (0.5) 0.1 (0.1) 0.6 (0.9)

Median (IQR) 0.0 (0.0, 0.5) 0.4 (0.0, 0.5) 0.0 (0.0, 0.0) 0.0 (0.0, 0.6)

Range 0.0–3.1 0.0–1.4 0.0–0.5 0.0–3.1

Change in AsBR after switching

from SHL FIX prophylaxis to

rFIXFc prophylaxis

n = 24 n = 7 n = 7 n = 10

Mean (SD) - 0.7 (2.2) - 0.3 (1.1) - 0.5 (0.7) - 1.2 (3.2)

Median (IQR) 0.0 (- 1.0, 0.5) 0.0 (- 1.2, 0.5) - 0.4 (- 0.8, 0.0) 0.0 (- 2.7, 0.4)

Range - 7.5 to 3.1 - 1.6 to 1.0 - 1.6 to 0.5 - 7.5 to 3.1
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Table 1 continued

Variable Total population (n = 30) Country

Denmark (n = 9) Germany (n = 9) UK (n = 12)

AjBR on SHL FIX prophylaxis n = 24 n = 7 n = 7 n = 10

Mean (SD) 1.7 (2.4) 2.3 (1.7) 0.0 (0.0) 2.5 (2.9)

Median (IQR) 0.4 (0.0, 2.2) 2.4 (1.2, 3.0) 0.0 (0.0, 0.0) 1.7 (0.0, 3.5)

Range 0.0–8.1 0.0–5.7 0.0–0.0 0.0–8.1

AjBR on rFIXFc prophylaxis

(patients with prior SHL FIX

prophylaxis)

n = 24 n = 7 n = 7 n = 10

Mean (SD) 0.8 (0.9) 0.9 (0.6) 0.1 (0.2) 1.2 (1.1)

Median (IQR) 0.5 (0.0, 1.0) 1.0 (0.5, 1.3) 0.0 (0.0, 0.0) 0.8 (0.5, 1.8)

Range 0.0–3.5 0.0–1.9 0.0–0.5 0.0–3.5

Change in AjBR after switching

from SHL FIX prophylaxis to

rFIXFc prophylaxis

n = 24 n = 7 n = 7 n = 10

Mean (SD) - 0.9 (2.7) - 1.3 (2.4) 0.1 (0.2) - 1.3 (3.7)

Median (IQR) 0.0 (- 1.4, 0.4) - 1.1 (- 2.1, 0.3) 0.0 (0.0, 0.0) - 0.5 (- 3.0, 1.0)

Range - 7.5 to 3.5 - 5.7 to 1.5 0.0 to 0.5 - 7.5 to 3.5

Factor usage

Injection frequency per week while

receiving SHL FIX prophylaxis

n = 24 n = 7 n = 7 n = 10

Mean (SD) 2.0 (0.6) 2.1 (0.6) 2.1 (0.9) 2.0 (0.4)

Median (IQR) 2.0 (2.0, 2.3) 2.0 (2.0, 2.3) 2.0 (1.5, 2.7) 2.0 (2.0, 2.0)

Range 1.0–3.5 1.0–3.0 1.0–3.5 1.0–2.3

Injection frequency per week while

receiving rFIXFc prophylaxis

(patients with prior SHL FIX

prophylaxis)

n = 24 n = 7 n = 7 n = 10

Mean (SD) 1.0 (0.2) 1.0 (0.0) 1.2 (0.3) 1.0 (0.2)

Median (IQR) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.4) 1.0 (1.0, 1.0)

Range 0.5–1.8 1.0–1.0 1.0–1.8 0.5–1.0

Change in injection frequency per

week after switching prophylaxis

regimens

n = 24 n = 7 n = 7 n = 10

Mean (SD) - 1.0 (0.7) - 1.1 (0.6) - 0.9 (1.1) - 1.0 (0.4)

Median (IQR) - 1.0 (- 1.3, - 1.0) - 1.0 (- 1.3, - 1.0) - 1.0 (- 1.5, - 0.3) - 1.0 (- 1.3, - 1.0)

Range - 2.5 to 0.8 - 2.0 to 0.0 - 2.5 to 0.8 - 1.5 to 0.0
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(29.2) IU/kg/week, respectively, for patients
aged less than 12 years (n = 3), versus 1.0 (0.7)
and 127.5 (52.4) IU/kg/week, respectively, in
those aged 12 years or older (n = 21).

Before switching, the mean (SD) weekly fac-
tor consumption for those on SHL FIX prophy-
laxis was 110.4 (59.8) IU/kg/week in Denmark
(n = 7), 83.4 (67.6) IU/kg/week in Germany
(n = 7) and 45.4 (21.5) IU/kg/week in the UK
(n = 10) (Table 1). After switching, the mean

(SD) factor consumption was reduced by 54.3
(60.0) IU/kg/week for patients in Denmark, 23.5
(63.0) IU/kg/week in Germany and 12.0 (20.3)
IU/kg/week in the UK.

The mean (SD) annualised injection fre-
quency was 106.4 (32.4) for patients receiving
SHL FIX prophylaxis (n = 24) and 53.6 (9.9)
during rFIXFc prophylaxis (n = 29). Mean (SD)
values for annualised factor consumption were
3924.1 (2889.0) and 2393.7 (858.1) IU/kg/year,

Table 1 continued

Variable Total population (n = 30) Country

Denmark (n = 9) Germany (n = 9) UK (n = 12)

Factor consumption while receiving

SHL FIX prophylaxis (IU/kg/

week)

n = 24 n = 7 n = 7 n = 10

Mean (SD) 75.5 (55.6) 110.4 (59.8) 83.4 (67.6) 45.4 (21.5)

Median (IQR) 67.2 (36.0, 87.4) 99.3 (73.3, 127.0) 79.8 (35.8, 90.7) 42.4 (26.7, 60.3)

Range 23.6–227.6 45.5–227.6 28.0–223.2 23.6–83.4

Factor consumption while receiving

rFIXFc prophylaxisa (IU/kg/

week) (patients with prior SHL

FIX prophylaxis)

n = 24 n = 7 n = 7 n = 10

Mean (SD) 47.8 (16.7) 56.0 (4.5) 60.0 (17.6) 33.5 (9.9)

Median (IQR) 48.3 (36.4, 55.6) 56.0 (55.3, 57.1) 52.5 (48.3, 69.2) 31.9 (28.4, 41.3)

Range 15.0–87.3 48.0–63.4 45.0–87.3 15.0–47.6

Change in factor consumption after

switching prophylaxis regimens

(IU/kg/week)

n = 24 = 7 n = 7 n = 10

Mean (SD) - 27.7 (49.6) - 54.3 (60.0) - 23.5 (63.0) - 12.0 (20.3)

Median (IQR) - 20.5 (- 46.1, 1.8) - 46.0 (- 69.3, - 17.1) - 24.3 (- 41.4, 12.1) - 8.7 (- 23.3, 0.4)

Range - 172.1 to 59.3 - 172.1 to - 10.6 - 140.6 to 59.3 - 57.6 to 13.8

ABR annualised bleeding rate, AjBR annualised joint bleeding rate, AsBR annualised spontaneous bleeding rate, FIX factor IX, IQR interquartile

range, rFIXFc recombinant factor IX Fc fusion protein, SD standard deviation, SHL standard half-life
aFirst injection with rFIXFc
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before and after switching, respectively.
For patients who had previously received

SHL FIX prophylaxis, comparison of injection
frequency before and at initiation of rFIXFc is
shown in Fig. 3. Nearly all patients (23/24
[95.8%]) started with once-weekly dosing when
switching to rFIXFc (Denmark 100.0% [7/7],
Germany 100.0% [7/7] and the UK 90.0% [9/
10]). One patient (1/24 [4.2%]), in the UK,
received rFIXFc every 14 days at the time of
switch. After patients switched to rFIXFc, con-
sidering the full follow-up period, injection
frequency reduced for nearly all patients (20/24
[83.3%]), did not change for three patients
(12.5%) and increased for one patient (4.2%)
compared to prior SHL prophylaxis. The low
injection frequency was maintained through to
18 to 24 months after switching (mean [SD] of
1.0 [0.3]) injections per week in the 20 patients
being followed up at this point; Supplementary
Table 2).

DISCUSSION

The results of this study describe the real-world
effectiveness of switching from SHL FIX thera-
pies to rFIXFc prophylaxis in patients with
haemophilia B, complementing results from

clinical trials. The current data show that rFIXFc
prophylaxis was effective in reducing bleeding
rates in adult and paediatric patients previously
treated with SHL FIX either on-demand or pro-
phylactically (overall 63.8% reduction in mean
values before and after switching). The most
pronounced reduction in ABRs was seen in
patients previously treated with SHL FIX on-
demand (75.2% reduction in mean values
before and after starting rFIXFc prophylaxis).
Longitudinal data confirmed the effectiveness
of rFIXFc prophylaxis for up to 24 months, with
ABRs remaining low in all patients and a
reduced injection frequency being maintained,
in line with results from the B-YOND extension
study [11].

Among patients who had previously received
SHL FIX prophylaxis, switching to rFIXFc pro-
phylaxis increased the proportion of those with
zero bleeds. During rFIXFc prophylaxis, all but
one of six pre-existing target joints resolved and
no new target joints emerged.

Patients received fewer injections on rFIXFc
prophylaxis than pre-switch on SHL prophy-
laxis (mean [SD] annualised values of 53.6 [9.9]
and 106.4 [32.4], respectively) and had a
reduction in factor consumption (mean [SD]
annualised values of 2393.7 [858.1] and 3924.1
[2889.0] IU/kg/year, respectively). Country-

Fig. 3 Dosing intervals for patients receiving standard half-life FIX prophylaxis before, and on switching to, rFIXFc
prophylaxis (n = 24). FIX factor IX, rFIXFc recombinant factor IX Fc fusion protein, SHL standard half-life

Adv Ther (2023) 40:3770–3783 3779



specific data (albeit for small patient numbers,
thereby precluding firm country-specific con-
clusions) showed that although rFIXFc con-
sumption was lower in the UK than in Denmark
and Germany, haemostatic benefits were
apparent across all three countries.

Our results are in line with those from other
real-word studies. For example, other retro-
spective analyses of patients with haemophil-
ia B in the USA [17], Australia [19], each study
involving 64 adult and paediatric patients, and
a study in Ireland [14], evaluating data from 28
adult patients, have also considered the effects
of switching to rFIXFc prophylaxis from previ-
ous FIX treatment, both prophylactic and on-
demand. All three studies found switching to
rFIXFc prophylaxis to reduce ABRs and factor
consumption. Additional real-world data, eval-
uating treatment with rFIXFc or rFIX albumin
fusion protein (rIX-FP) in the UK [20], rIX-FP in
Italy, Belgium and the UK [23], as well as rIX-FP
in Germany [24], and involving 20, 84 and 81
adult and paediatric patients with haemophil-
ia B, respectively, have also shown the benefits
of extended half-life FIX prophylaxis. This pro-
vided protection from bleeding, evaluated via
ABR, while enabling reduced dosing frequency/
lower product consumption.

In our study, around half of the patients who
previously received SHL FIX prophylaxis were
not on a regimen that would provide coverage
for a whole week: 4/24 (16.7%) and 13/24
(54.2%) individuals were treated weekly and
twice weekly, respectively. Only around one-
fifth (21.7%) of the patients on SHL FIX pro-
phylaxis experienced zero bleeds during the last
6 months of such treatment. Improved protec-
tion was a main reason for switching to rFIXFc
prophylaxis and this was achieved, as evidenced
by the decrease in ABR, the increase in propor-
tion of patients with zero bleeds, and the reso-
lution of target joints. These benefits were
generally attained with decreased injection fre-
quency and reduced factor consumption. The
data show that intensified prophylaxis can be
achieved with rFIXFc, an approach that is par-
ticularly warranted in patients with target
joints, where the goal is to reduce
inflammation.

With the extended half-life of rFIXFc per-
mitting weekly or longer dosing intervals [5],
this regimen can benefit those for whom more
frequent injections may be discouraging and
support the use of prophylaxis in some who
need on-demand treatment. The decreased
burden of treatment (i.e. reduced injection fre-
quency) associated with rFIXFc prophylaxis
compared to prophylaxis with SHL FIX products
may help to improve patient adherence.
Although this was not evaluated in the current
study, previous real-world data have shown
adherence to be an important consideration
when physicians consider switching patients to
rFIXFc [25], and that adherence rates improve
after switching [17, 19]. Other previously pub-
lished real-world data have shown that rFIXFc
may help to improve QoL, not only as conse-
quence of a reduced treatment burden but also
by reducing pain and improving activities of
daily living [13].

As a retrospective chart review study,
potential limitations include selection bias
arising from not including all eligible patients
treated at the haemophilia centres involved,
and bleeds not being accurately documented in
medical records. Notably, as with other studies
involving longitudinal data, patient numbers
decreased over time, and the possibility of
selective dropout should also be considered.
The study had a relatively small sample size,
which is particularly relevant when considering
the paediatric data and longitudinal results
towards the end of the post-index period, and
additionally can affect endpoint comparison
before and after switching. Given the small
sample size, this was a descriptive study, with
no statistical testing, and the results require
cautious interpretation in relation to their
generalisability to the wider population of
individuals with haemophilia. As a retrospective
study, data routinely collected in standard
practice were analysed, but information per-
taining to the clinical situation outside routine
clinical practice did not fall within the scope of
the study. Consequently, only the prescribed
prophylactic factor consumption was recorded.
Other product uses, such as for surgery, were
excluded, and there were no data describing
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treatment of bleeds or QoL, which would be of
interest for further research.

The strengths of the current study include
the consideration of data from across three
European countries, while the inclusion of
paediatric, adolescent and adult patients reflects
the treated haemophilia B population. The
extended assessment period, with up to
24 months of follow-up, provided adequate
time to observe changes in outcomes. In addi-
tion, real-world evidence provides information
on outcomes observed in clinical practice
beyond the restraints imposed by clinical trials.

CONCLUSION

Findings from this real-world study in patients
with haemophilia B in Denmark, Germany and
the UK demonstrate the long-term effectiveness
of rFIXFc prophylaxis, in line with results from
clinical trials. During rFIXFc prophylaxis
patients exhibited numerically reduced ABRs
compared to previous SHL FIX treatment
(overall 63.8% reduction in mean values before
and after switching), which were sustained over
time; the proportion of patients with zero
bleeds increased; all but one pre-existing target
joint resolved and no new target joints
emerged. In addition, numerical reductions in
factor consumption and injection frequency
were observed compared to previous prophy-
laxis with SHL FIX. Improvements in both
clinical effectiveness and factor usage after
switching from SHL FIX to rFIXFc prophylaxis
have the potential to reduce patient burden and
improve patients’ QoL.
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