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Abstract Introduction A phase 3b extension study evaluated the long-term safety and efficacy of a
recombinant fusion protein-linking coagulation factor IX (FIX) with albumin (rIX-FP) for the
routineprophylaxis andon-demand treatmentof bleeding inpediatric hemophilia Bpatients.
Methods Previously treated patients aged <12 years with moderate to severe
hemophilia B enrolled in a 3-year extension study following a phase 3 pivotal study
in which they received weekly rIX-FP prophylaxis. In the extension study, they could
maintain or extend their prophylaxis interval to every 10 or 14 days if they were well
controlled on the 7-day regimen.
Results Compared with their initial regimen, by the end of the study, dosing intervals
were the same, extended, and shortened in 16, 4, and 4 patients, respectively. Very low
annualized spontaneous bleeding rates (AsBRs) were observed; median AsBR was 0.0
for the 7- and 10-day regimens, and 1.1 for the 14-day regimen. The 7- and 14-day
regimens were comparable in preventing spontaneous bleeds; mean (95% confidence
interval) difference in AsBR of �1.2 (�2.6 to 0.3) bleeding episodes/year/subject.
Overall, 96% of bleeding episodes were successfully treated with one or two injections
of rIX-FP. Patients on a 14-day regimenmaintained amean steady-state trough FIX level
of >7.2 IU/dL. No patient developed an inhibitor.
Conclusion This extension study demonstrated the long-term safety and efficacy of
weekly rIX-FP in pediatric patients. Additionally, it showed that adequate bleed protection
can be achieved with 10- or 14-day rIX-FP regimens in selected pediatric patients while
maintaining safety.
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Introduction

Hemophilia B is an X-linked recessive genetic disorder caused
by a functional deficiency of coagulation factor IX (FIX).1 It is
the secondmostcommon typeofhemophiliawithan incidence
of approximately 1 in 30,000 people.2 An absence or dysfunc-
tion of FIX is associatedwith spontaneous bleeding; particular-
ly in patients with a moderate-to-severe disease phenotype
(<5 IU/dL FIX activity). Spontaneous or traumatic bleeding into
the muscles, soft tissue, or joints may result in crippling
arthropathy, disability, and reduced quality of life.1 Reduction
of bleeds and preservation of normalmusculoskeletal function
is the primary goal of routine prophylaxis therapy.3

Prophylaxis with FIX replacement therapy is recom-
mended in all children with severe hemophilia.1,4 The short
half-life of FIX (18–24hours) means frequent infusions with
standard half-life FIX concentrates are required to maintain
target trough levels.1 There is limited evidence for a target
trough level in hemophilia B, but a study in hemophilia A
suggested that maintaining trough levels above 15% could
eradicate joint bleeding.5 A study in hemophilia B patients
has shown that increased time spent below a 1% FIX activity
level is associated with an increase in total bleeding events.6

Theavailabilityofextendedhalf-life (EHL) FIXproductsmay
decrease treatment burden by extending dosing intervals
while maintaining higher trough levels than standard FIX
products.7 Pediatric patients have additional considerations
when choosing a treatment regimen, compared with adult
patients, such as higher FIX clearance, higher activity levels, a
higher number of traumatic bleeds, and difficultywith venous
access.8 Young patients also require assistance with infusions
and so extended dosing intervals and reduced infusion fre-
quency may decrease both patient and caregiver burden.

A recombinant fusion protein genetically linking human
coagulation FIX with human albumin, rIX-FP, (IDELVION, CSL
Behring) has been developed.9 Recombinant coagulation
factor IX albumin fusion protein (rIX-FP) has previously
shown an improved pharmacokinetic profile, with an ap-
proximately fivefold longer half-life comparedwith standard
rFIX products.10 The efficacy and safety of rIX-FP has also
been demonstrated with weekly prophylaxis in previously
treated pediatric patients treated with rIX-FP for a mean
exposure time of over 12 months.10

As part of the PROLONG-9FP clinical trial program, an
extension study was undertaken to evaluate the long-term
safety and efficacy of rIX-FP in routine prophylaxis. Here, we
report the findings of this phase 3b extension study in previ-
ously treatedpatients<12yearsofagewithprophylaxisdosing
intervals of up to 14 days. Findings in adult and adolescent
patients �12 years of age will be reported separately.11

Methods

Study Conduct
The study was approved by the institutional review
board/ethics committee at each participating center, regis-
tered at www.clinicaltrials.gov (NCT02053792), and per-
formed in accordance with good clinical practice, the

Declaration of Helsinki,12 and local regulatory requirements.
Written informed consent was obtained from the
parent/guardian of the patient and informed assent from
the patient. Consent could be withdrawn at any time.

Study Participants
Male patients aged <12 years with moderate-to-severe he-
mophilia B (FIX activity �2%), previously treated with FIX
products, and with no personal or family history of FIX
inhibitor formation or detectable inhibitors at screening
were eligible for enrollment. Eligible patients had completed
a phase 3 pediatric study (NCT01662531)10 or could enter the
study after undergoing nonemergency surgery with rIX-FP.

Study Design
In this phase 3b, prospective, multicenter extension study,
enrolled subjects were assigned to a 7-day (25–50 IU/kg), 10-
day, or 14-day (50–75 IU/kg) regimen; this was based on
treatment success during the phase 3 lead-in study (35–75
IU/kg rIX-FP weekly prophylaxis) (NCT01662531) and/or
investigator and subject preference for the first 6 months
of the study. At each 6-month interval, the investigator could
change the regimen based on an assessment of efficacy in the
patient, safety, treatment compliance, and/or preference.
Treatment with rIX-FP continued for approximately
30 months to achieve a minimum of 100 exposure days
(EDs). On-demand treatment with 35 to 75 IU/kg rIX-FP was
administered for bleeding episodes.

Study Objectives
The primary endpoint of this study was the total number of
subjects who developed inhibitors against FIX. Secondary
endpointswere to evaluate the efficacyof rIX-FPwith various
regimens by assessing annualized bleeding rate (ABR), spon-
taneous ABR (AsBR), and joint ABR (AjBR) for treated bleeds.
Bleeding episodes and the number of infusions required for
hemostasis were recorded and analyzed. Monthly consump-
tion of rIX-FP during routine prophylaxis, the incidence of
rIX-FP related and nonrelated adverse events (AEs), and
steady-state trough FIX activity levels were also evaluated.

Safety Assessments
Patients who received at least one dose of rIX-FP were
assessed for inhibitor incidence. Inhibitors were titrated by
the Bethesda method according to the Nijmegen modifica-
tion13 and only patients who had two consecutive positive
tests (�0.6 BU/mL) were classified as having an inhibitor.

The incidence of antibodies against rIX-FP and Chinese
hamster ovary (CHO) cell-derived proteins were determined
using direct binding enzyme-linked immunoabsorbent
assays, as previously described.14 The frequency, type, and
severity of AEs, as well as their relationship to rIX-FP; local
tolerability at the injection site; laboratory safety param-
eters; and vital signs were also assessed.

Steady-State Trough FIX Activity
FIX activity was measured at major bleeding events and
scheduled assessments only at a central laboratory using a
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validated one-stage clotting method with Pathromtin SL
(Siemens Healthcare Diagnostics, Marburg, Germany) as an
activator agent. Steady-state trough FIX activitywas assessed
at months 6, 12, 18, 24, 30, 36, and 42. Steady-state trough
FIX activity included measurements before a third consecu-
tive dose on the 10- or 14-day regimens or before a fourth
consecutive dose on the 7-day regimen. If there were any
unscheduled rIX-FP doses administered (e.g., to treat a
bleed), the FIX activity measurements within 28 days of
the unscheduled dose were excluded because the washout
period for rIX-FP is approximately 5 half-lives. FIX activity
was measured.

Efficacy Assessments
ABR, AsBR, and AjBR were calculated for each regimen. The
differences in mean ABR and AsBR between the 14-day
regimen and the 7-day regimen (combined from the lead-
in and extension study) were calculated. Bleeding episodes
were summarized by severity, type, site, and location. Treat-
ment of mild and moderate bleeding episodes with rIX-FP
was considered successful if hemostasis was achieved with
one or two injections.

Target joints were defined as joints where three or more
treated spontaneous bleeds occurred within a 6-month
period and were considered resolved if there were �2
spontaneous bleeds into the same joint within the subse-
quent 12-month period.

Consumption, by treatment modality, was reported as
number of injections per subject, IU/kg per subject and IU/kg
per event.

Statistical Analysis
Subjects receiving at least one dose of rIX-FP were included in
the safety analysis. Datawere included for patients during the
prophylaxis treatment period; safety data recorded during the
surgical substudy were not included. Data from the surgical
substudy will be described separately. ABR, AsBR, and AjBR
were calculated for each regimen for all patientswhohadbeen
on the regimen for at least 12 weeks; the same patient may
contribute data to more than one regimen based on the
duration of treatment received. A crude rate was calculated
per regimenwith an exact two-sided 95% confidence interval
(CI) assuming a Poisson-distributed event rate. ABRs and
AsBRs were compared for subjects who received both the 7-
and 14-day prophylaxis regimen.

Data were summarized using descriptive statistics for
continuous data, or frequencies and percentages for categor-
ical data.

Results

Study Population
Twenty-four males previously treated patients (FIX activity
�2%) were enrolled in the extension study from the pivotal
phase 3 study, in which they had received 7-day prophylaxis
with rIX-FP; no patients were enrolled subsequent to sur-
gery. In the extension study, seven patients were in the
younger age group (<6 years), and 17 patients in the older

age group (�6–<12 years). In the phase 3 study, 11 of these
patients were in the younger age group, and 13 in the older
age group. Participants were aged between 2 and 11 years of
age with a median (range) of 4.0 (2–5) years in the younger
age group and 9.0 (6–11) years in the older age group; patient
demographics are provided in►Table 1. This extension study
was conducted between February 2014 and October 2018 at
14 sites in nine countries; patients were treated with rIX-FP
for a mean (standard deviation [SD]) 37.1 (9.8) months.

In the extension study, based on the investigator’s decision,
patients were assigned to 7- (n¼18), 10- (n¼2), or 14-day
(n¼4) prophylaxis. ►Fig. 1 summarizes patient disposition
and study flow. No patients had target joints at study entry. In
total, 23 patients completed the study and one withdrew; the
patient suffered from two traumatic bleeds while on a 14-day
regimen (75 IU/kg) and a further two traumatic bleeds when
hisprophylaxis intervalwas reduced to7days (50 IU/kg).None
of these four traumatic bleeding episodes occurred in joints.
The patient withdrew after approximately 2.5 months on the
7-day dosing interval. No trough FIX activity levels relative to
these bleeding episodes were available for this patient. Across
both the pivotal and extension studies, all subjects (100%)
achieved �50 EDs and 23 (95.8%) achieved �100 EDs.

Safety
During the extension study, no patient developed inhibitors
to FIX or antibodies to rIX-FP or CHO cell proteins. A total of
215 treatment-emergent AEs (TEAEs) were reported in 23
(95.8%) patients during the study; the majority (95.8%) was
mild or moderate in severity and no TEAEs were considered
related to study drug. The most commonly reported TEAEs
were pyrexia (15 events in 10 patients), nasopharyngitis (15
events in 8 patients), arthralgia (10 events in 6 patients), and
headache (9 events in 5 patients).

Table 1 Patient characteristics

n¼ 24

Age (y), median (range) 7.0 (2–11)

<6 (n¼7) 4.0 (2–5)

�6 to <12 (n¼ 17) 9.0 (6–11)

Height, cm 124.9 (19.3)

Weight, kg 28.6 (14.6)

Race, n (%)

White 23 (95.2)

Black 1 (4.8)

Asian 0

Geographic region

North America 1

Europe 17

Middle East 4

Asia 0

Africa 0

Oceania 2
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Fourteen treatment-emergent serious AEs (SAEs) were
observed in seven (29.1%) patients including four mild, three
moderate, and seven severe events. All SAEs required hospi-
talization and included head trauma (four events), anemia
(two events) and one incident of acute appendicitis; moder-
ate hemarthrosis 1day post right knee arthrocentesis (the
associated major traumatic bleeding episode was treated
with four doses of rIX-FP, with hemostatic efficacy assessed
as excellent; this bleeding episode has been considered as
part of the surgical substudy), muscle injury, hematuria,
arthralgia, life-threatening extradural hematoma due to a
fall, jaw abscess, and epistaxis. No SAEs were considered
related to study drug. No anaphylactic reactions or throm-
boembolic events were reported.

Prophylaxis Dosing Intervals
The majority of patients were able to maintain their prophy-
lactic dosing interval during the study. Compared with their
initial regimen, by end of study, 4 (16.7%) patients had
extended their dosing interval, 16 (66.6%) had not changed,
and 4 (16.7%) had shortened their dosing interval. During the
course of the study, a total of eight patientswere prescribed a
prophylaxis regimen of every 14 days including two patients
who switched from a 7-day regimen to a 14-day regimen and
two patients that maintained a 14-day regimen throughout
the study. This also includes two patientswho switched from
their initial 14-day regimen back to a 10- (n¼1) or 7-day
(n¼1) regimen. Additionally, two patients with initial 7-day
regimens switched to a 14-day regimen (via a 10-day regi-
men [n¼1]) and eventually reduced their dosing frequency
to a 10- (n¼1) or 7-day (n¼1) regimen. At the end of the
study, 17, 3 and 4 patients were on a 7-, 10-, and 14-day
regimen, respectively (►Fig. 1). In the younger age group, six
of seven patients were on 7-day prophylaxis at the end of the

study and one patient remained on 14-day prophylaxis for
the duration of the study.

Consumption
Mean (SD) monthly prophylactic consumption was 212.4
(34.4), 198.6 (44.8), and 154.5 (11.3) IU/kg for the 7-, 10-, and
14-day prophylaxis regimens, respectively (►Table 2). Mean
(SD) overall monthly consumption, including the treatment
of bleeding events, was 231.2 (42.0), 224.2 (58.4), and 185.4
(24.0) IU/kg for the 7-, 10-, and 14-day regimens, respective-
ly. A total of 3,269 prophylactic infusions of rIX-FP were
administered intravenously during the extension study. The
mean (SD) number of infusions per patient per year were

Fig. 1 Patient enrollment and study flow diagram. Figure demonstrates only initial and final treatment regimens; patients may have switched
regimens more than once during the study period. �Includes one patient with an initial 7-day dosing regimen, who switched to 10-, 14-, and 10-
day dosing regimens, before switching back to a 7-day regimen; includes another patient with an initial 7-day dosing regimen, who switched to a
10-day dosing regimen, before switching back to a 7-day regimen. †Includes one patient with an initial 7-day dosing regimen, who switched to 14-
day, 10-day, and 14-day regimens, before switching back to a 10-day regimen. ‡Includes a patient with an initial 7-day dosing regimen, who
switched to a 10-day regimen, before finishing the study on a 14-day regimen.

Table 2 Summary of monthly consumption across recombinant
coagulation factor IX albumin fusion protein (rIX-FP) dosing
regimens

7 day
(n¼21)

10 day
(n¼8)

14 day
(n¼ 8)

Prophylaxis

Monthly consumption,
IU/kg

212.4
(34.4)

198.6
(44.8)

154.5
(11.3)

Injections per patient
per month

4.3 (0.1) 3.0 (0.1) 2.1 (0.1)

Overalla

Monthly consumption,
IU/kg

231.2
(42.0)

224.2
(58.4)

185.4
(24.0)

Injections per patient
per month

4.6 (0.4) 3.4 (0.3) 2.6 (0.3)

Note: Data given as mean (standard deviation).
aOverall data include dosing for prophylaxis and additional infusions for
bleeding events.
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43.7 (9.6) and therewere 155.0 (55.2) EDs per patient overall.
As expected, the 14-day prophylaxis regimen also had the
lowest average monthly number of prophylactic infusions,
2.1 (0.1), compared with the 7- and 10-day regimens, 4.3
(0.1) and 3.0 (0.1), respectively. Including additional infu-
sions for bleeding events, patients on the 14-day regimen
still had the lowest averagemonthly number of infusions, 2.6
(0.3), compared with the 7- and 10-day regimens, 4.6 (0.4)
and 3.4 (0.3), respectively. Median (range) total dose per
infusion during prophylaxiswas 49.0 (22–86) IU/kg for the 7-
day regimen, 74.0 (40–82) IU/kg for the 10-day regimen, and
73.7 (56–82) IU/kg for the 14-day regimen.

Steady-State Trough FIX Activity
Mean (SD) steady-state trough FIX activity levels (%) were
15.1 (4.1), 8.8 (5.7), and 7.2 (2.9) for 7-, 10-, and 14-day
regimens, respectively. Mean (SD) steady-state trough FIX
activity levels (%) were 15.3 (3.8), 8.0 (2.5) in the younger
group, and 15.0 (4.5) and 6.9 (3.0) in the older group for 7-
and 14-day regimens, respectively.

Efficacy
The efficacyof prophylactic rIX-FP treatmentwasdemonstrat-
ed with low AsBRs achieved across all regimens (►Table 3).
Median AsBR was 0.0 for the 7- and 10-day regimens, and 1.1
for the14-day regimen.Mean (SD)AsBRwas0.6 (1.3), 1.6 (2.5),
and 1.7 (2.0) for the 7-, 10-, and14-day regimens, respectively.
The mean (95% CI) difference (7-day minus 14-day) in AsBR
was �1.2 (�2.6 to 0.3) bleeding episodes per year per subject
and �2.9 (�5.3 to �0.5) in total ABR. Fourteen (66.7%), five
(62.5%), and three (37.5%) patients on 7-, 10- or 14-day
regimens experienced zero spontaneous bleeding episodes,
respectively. Additionally, nine (42.9%), three (37.5%), and
three (37.5%) patients on 7-, 10-, or 14-day regimens experi-
enced zero joint bleeding episodes, respectively.

Two patients, aged 5 and 7 years, developed a total of three
target joints during the extension study. Both patients were
previously on prophylaxis with standard half-life FIX prior to
entering the clinical study program. One patient developed a
target joint in the elbow while on a 10-day regimen and

experienced 10 bleeds in this joint over a 6-month period; he
had previously experienced a traumatic bleed in this joint
during the phase 3 lead-in study. Following this bleed, his
dose was adjusted from 55 to 76 IU/kg every 10 days; he was
then switched to 70 IU/kg every 7 days due to further bleeding
events. He later developed a target joint in the ankle after a
spontaneous bleeding episode while on a 7-day regimen; he
experiencedatotalof threebleeds in this jointovera4.5-month
period.After resolutionof this target joint,hisdosewasreduced
to 45 IU/kg every 7 days until the end of the study. The second
patient developed a target joint in the knee following a trau-
matic bleed while on a 7-day regimen. He had previously
experienced no bleeds in this joint during the phase 3 lead-in
study, and reported three bleeds in this joint over a 4-month
period in the extension study. Following the initial bleeding
event, his dose was adjusted from 41 to 48 IU/kg every 7 days,
and he remained on this higher dose until the end of the study.
Over the course of the study,while on 7- or 10-day prophylaxis
with rIX-FP, all target joints resolved in both patients.

During the extension study, a total of 301 bleeding episodes
were reported that required treatment, including 78 unclassi-
fied events. Of 71 spontaneous bleeds requiring treatment,
therewere 35, 13, and 23 bleeds reported in patients receiving
a 7- (n¼21), 10- (n¼8), or 14-day (n¼8) regimen. Of 152
traumatic bleeding episodes requiring treatment, 102, 16, and
34 of these were reported in patients receiving a 7- (n¼21),
10- (n¼8), or 14-day (n¼8) prophylaxis regimen. Successful
treatmentwith oneor two injections of rIX-FPwas reported in
96% of bleeds requiring treatment.

Discussion

Data from this extension study are consistent with data
previously reported in a phase 3 trial of rIX-FP in pediatric
patients.10 The phase 3 trial demonstrated the safety and
efficacy of 7-day rIX-FP prophylaxis in pediatric patients.
This extension study has shown that rIX-FP is well tolerated
and efficacious with an extended prophylactic dosing interval
of up to 14 days in selected pediatric patients. Providing
further validation for rIX-FP’s favorable safety profile, no

Table 3 Efficacy of recombinant coagulation factor IX albumin fusion protein (rIX-FP) in prophylaxis regimens

Regimen 7 day (n¼ 21)a 10 day (n¼ 8) 14 day (n¼ 8)

AsBR Median (Q1–Q3) 0.0 (0.0–0.5) 0.0 (0.0–2.8) 1.1 (0.0–3.4)

Mean (SD) 0.6 (1.3) 1.6 (2.5) 1.7 (2.0)

n (%) with zero bleeds 14 (66.7) 5 (62.5) 3 (37.5)

ABR Median (Q1–Q3) 2.0 (0.7–4.7) 3.5 (0.8–6.7) 5.6 (2.0–6.9)

Mean (SD) 3.3 (3.6) 4.0 (3.6) 4.7 (3.1)

n (%) with zero bleeds 3 (14.3) 2 (25.0) 1 (12.5)

AjBR Median (Q1–Q3) 0.6 (0.0–2.6) 2.0 (0.0–3.8) 2.6 (0.0–3.3)

Mean (SD) 1.8 (2.9) 2.5 (2.8) 2.0 (1.7)

n (%) with zero bleeds 9 (42.9) 3 (37.5) 3 (37.5)

Abbreviations: ABR, annualized bleeding rate; AjBR, annualized joint bleeding rate; AsBR, annualized spontaneous bleeding rate; Q1, 1st quartile;
Q3, 3rd quartile; SD, standard deviation.
aABRs include only subjects who have been on each regimen for at least 12 weeks (n¼ 20).
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inhibitors were reported and no adverse events were deemed
related to treatment. Extended dosing intervals are of signifi-
cant clinical interest, particularly in young children with
challenging venous access.

During rIX-FP prophylaxis, FIX trough levels were main-
tained well above the recommended minimum of 1% across
all dosing regimens.1 Although this is a commonly accepted
goal, recent data have suggested higher trough levels are
needed to prevent all bleedings, particularly during periods
of vigorous activity.15 Pediatric patients present additional
challenges comparedwith adult patients as this population is
generally more dependent on a caregiver as well as being
highly active. Prophylaxis with rIX-FP maintains a trough
level of >5% in pediatric patients across all dosing regimens
and mean steady-state FIX activity levels were 15.1 and 7.2%
in patients on 7- and 14-day prophylaxis, respectively.

Other rFIX products have demonstrated similar results;
mean steady-state FIX trough levels were 15% in patients
aged 0 to 6 years and 19% in patients aged 7 to 12 years on
once-weekly 40 IU/kg prophylaxis with N9-GP (Refixia, Novo
Nordisk), a glycoPEGylated EHL-FIX.16 There have been no
studies demonstrating steady-state FIX trough levels for
pediatric patients treated with rFIXFc (ALPROLIX, Biovera-
tiv); additionally, the phase 3 protocol does not define target
trough levels during this study, and is thus difficult to
compare with the data described here.

Both rIX-FP and rFIXFc have shown excellent tolerability,
with no inhibitor development, no treatment-related AEs, or
thromboembolic events in a pediatric population.10,17 No
inhibitor development or thromboembolic events have also
been reported in pediatric patients receiving N9-GP16; how-
ever, the implications of long-term exposure to PEGylated
products—especially from a young age—have not been estab-
lished and therefore N9-GP is not currently indicated for
prophylactic use in pediatric patients.

Prophylaxis with rIX-FP was highly effective in preventing
bleeding episodes, demonstrated by low AsBRs across all
regimens. There was a similar proportion of patients
experiencing zero joint bleeding episodes across all dosing
regimens; this is an important observation that should be
considered when selecting patients who will benefit from
extended dosing intervals. Additionally, the majority (50.4%)
of bleeding episodes were traumatic, consistent with bleed-
ing characteristics seen in highly active pediatric popula-
tions; the phase 3N9-GP trial in pediatric patients reported
61.9% of all bleeds were traumatic.16 rIX-FP demonstrated
efficient treatment of bleeding episodes, with themajority of
bleeding episodes (96%) controlled with one or two infu-
sions. ABRs for 7-day prophylaxis were comparable between
the lead-in (median: 3.1; mean: 3.7) and extension (median:
2.0; mean: 3.3) studies, showing that rIX-FP provides stable
bleeding protection at both early and late-phase weekly
prophylaxis. Median (mean) ABRs reported in this pediatric
cohort were higher than those reported in the adult cohort
(2.0 [3.3] and 1.3 [2.5], respectively),11whichmay reflect the
higher activity levels of younger patients. rIX-FP 7-day
prophylaxis had a comparable median (mean) ABR to anoth-
er extended half-life FIX product, rFIXFc (initial weekly dose

50–60 IU/kg; subsequent dose to a maximum of 100 IU/kg or
maximum frequency of twice weekly) and a slightly higher
ABR than N9-GP (2.0 [3.3], 2.0, and 1.0 [1.44], respectively)
16,17; however, these studies were conducted in different
patient populations and so these comparisons should be
interpreted with caution.

Two patients transiently showed target joints during the
extension study. This was unexpected considering that no
target joints previously developed in pediatric patients in the
lead-in phase 3 trial, and the relatively high trough levels
reported during this study. However, trough levels were not
measured immediately prior to or following these bleeding
episodes; therefore, it is difficult to draw solid conclusions
regarding the relationship of trough levels to these specific
bleeds. Additionally, two of these target joints developed
following a traumatic bleeding event and so were not neces-
sarily correlated with reported trough levels. All reported
target joints were well managed with dosing adjustments
that allowed patients to continue with rIX-FP prophylaxis
and at the end of the study, target joints were resolved in
both patients. Comparable target joint incidence was identi-
fied during pediatric trials with rFIXFc and N9-GP, with no
spontaneous bleeds reported in target joints during these
studies16,17; however, the nature or frequency of these target
joints was not reported.

Dosing every 14 days with rIX-FP showed a comparable
AsBR to 7-day prophylaxis in selected pediatric patients and
might be considered an alternative treatment option for
some patients. Extended dosing intervals of every 8 to
16 days with rFIXFc have been investigated in a small group
of selected pediatric patients (n¼5).18 Median AsBR was 0.0
in the extended interval dosing regimen with rFIXFc18;
however, it must be considered that only patients aged 6
to 12 were eligible to participate in the extended interval
dosing cohort, and so these data are not directly comparable
to the rIX-FP extension study where younger patients could
receive rIX-FP with extended dosing intervals of 10 or
14 days, at the investigators discretion, irrespective of their
age. The dosing regimen was also adjusted per patient and
the median dosing interval was 10 days with a median
weekly dose of 66.6 IU/kg, and so these results cannot be
directly compared with the 14-day results with rIX-FP.
Currently, there are no other published trials demonstrating
an extended dosing interval of longer than 7 days with other
rFIX products in pediatric patients. There are no head-to-
head clinical studies comparing extended dosing intervals
with rIX-FP and other extended half-life rFIX products in
pediatric patients, making reliable comparisons in terms of
efficacy and safety difficult.

Conclusion

This extension study has demonstrated the long-term safety
and efficacy of rIX-FP prophylaxis in pediatric patients
treated for up to 4 years. This study has also shown that
extended intervals of 10 or 14 days are possible with rIX-FP
in selected pediatric patients well controlled on a 7-day
regimen while maintaining adequate efficacy. Reduced
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infusion frequency provides dosing flexibility and higher
trough levels have the potential to improve long-term out-
comes in pediatric patients with hemophilia B. Prophylaxis
with rIX-FP represents a paradigm shift in the treatment of
hemophilia B, setting a new standard of care.

What is known about this topic?

• Weekly prophylaxis with rIX-FP is effective for the
prevention and treatment of bleeding episodes in
children with hemophilia B.

• Compared with adult patients, pediatric patients have
additional considerations when choosing a treatment
regimen such as difficulty with venous access, a higher
number of traumatic bleeds, higher FIX clearance and
requirement for higher activity levels.

• Extended dosing intervals and reduced infusion fre-
quency may decrease both patient and caregiver
burden.

What does this paper add?

• The results of this study confirm the safety and efficacy
of rIX-FP prophylaxis over approximately 4 years in
pediatric patients with hemophilia B.

• Very low annualized spontaneous bleeding rates were
achieved with dosing regimens up to 14 days.

• Extended regimens of 10 or 14 days are possible with
rIX-FP in selected pediatric patients while maintaining
safety and efficacy.
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