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Abstract
A global Phase 3 study evaluated the pharmacokinetics, efficacy and safety of recombinant
fusion protein linking coagulation factor IX with albumin (rIX-FP) in 63 previously treated male
patients (12-61 years) with severe hemophilia B (FIX activity ≤ 2%). The study included 2
groups: Group 1 patients received routine prophylaxis once every 7 days for 26 weeks, followed
by either 7-, 10- or 14-day prophylaxis regimen for a mean of 50, 38, or 51 weeks, respectively;
Group 2 patients received on-demand treatment for bleeding episodes for 26 weeks and then
switched to a 7-day prophylaxis regimen for a mean of 45 weeks. The mean terminal half-life of
rIX-FP was 102 hours, 4.3-fold longer than previous factor IX (FIX) treatment. Patients
maintained a mean trough of 20 and 12 IU/dL FIX activity on prophylaxis with rIX-FP 40 IU/kg
weekly and 75 IU/kg every 2 weeks, respectively. There was a 100% reduction in median
annualized spontaneous bleeding rate (AsBR) and 100% resolution of target joints when subjects
switched from on-demand to prophylaxis treatment with rIX-FP (P <0.0001). The median AsBR
was 0.00 for all prophylaxis regimens.

Overall, 98.6% of bleeding episodes were treated

successfully, including 93.6% that were treated with a single injection. No patient developed an
inhibitor and no safety concerns were identified. These results indicate that rIX-FP is safe and
effective for preventing and treating bleeding episodes in patients with hemophilia B at dosing
regimens of 40 IU/kg weekly and 75 IU/kg every 2 weeks. Clinicaltrials.gov (NCT0101496274)

Key words
Hemophilia B, factor IX, recombinant fusion protein linking recombinant human coagulation
FIX with recombinant human albumin (rIX-FP), prophylaxis regimen, on-demand treatment,
extended half-life
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Introduction
Hemophilia B, particularly moderate and severe forms (≤5% FIX activity), is associated with
spontaneous bleeding into joints, muscles and soft tissues that may lead to crippling arthropathy,
while bleeding in the intracranial, neck/throat or gastrointestinal spaces may be life-threatening.
The prevention of recurrent bleeding and joint deterioration in order to preserve normal
musculoskeletal function is the goal of routine prophylaxis treatment.1 Current prophylaxis
therapy requires frequent intravenous injections of FIX replacement product, maintaining
appropriate FIX trough levels to effectively reduce the incidence of hemarthroses and other
bleeding episodes.

Currently available standard half-life FIX replacement products require

intravenous injections twice per week.2,3 Recombinant FIX Fc fusion protein (rFIXFc, Alprolix,
Biogen/Idec), recently licensed in USA, has an extended half-life compared to standard FIX
products,4 so that time to 3 IU/dL FIX activity is 5.8 days with a dose of 50 IU/kg.5 The
necessity of frequent injections creates a burden for both patients and caregivers, impacting longterm compliance.6
Recombinant fusion protein linking recombinant coagulation factor IX with recombinant
albumin (rIX-FP) is produced as a single protein with a cleavable linker between FIX and
albumin that is derived from the endogenous activation peptide in native FIX. Because albumin
is protected from degradation by pH-dependent binding to the neonatal Fc receptor (FcRn),7,8
rIX-FP has an increased circulating half-life compared with recombinant FIX (rFIX).
rIX-FP has demonstrated improved pharmacokinetics (PK) and prolonged pharmacodynamic
activity, when compared with rFIX in preclinical studies9-11 and in earlier clinical trials.12,13 The
improved PK profile of rIX-FP may allow patients to be injected less frequently while
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maintaining a circulating FIX level high enough to minimize the occurrence of spontaneous
bleeding episodes.
The aim of this study was to evaluate PK, efficacy and safety of rIX-FP administered for the
treatment and prevention of bleeding episodes in previously treated adolescent and adult patients
with severe or moderately severe hemophilia B (FIX activity ≤2 IU/dL). We present the results
of a single-sequence cross-over study that compared the efficacy of different regimens, including
on-demand versus prophylaxis treatment and 7-day versus 14-day prophylaxis regimens, in
patients with hemophilia B.

Methods
Study Conduct
The study was approved by the institutional review board/ethics committee at each participating
center, registered at clinicaltrials.gov (NCT0101496274), and performed in accordance with
good clinical practice,14 the Declaration of Helsinki and local regulatory requirements. Written
informed consent was obtained from all patients or their legal guardians.
Study Patients
The main criteria for subject selection were based on the Guideline on the clinical investigation
of recombinant and human plasma-derived factor IX products by the Committee for Medicinal
Products for Human Use.15 Male patients, 12–65 years of age, with hemophilia B (FIX activity

≤2 IU/dL), at least 150 exposure days (EDs) with previous FIX replacement products and no
detectable inhibitor to FIX or inhibitor history were eligible for enrollment. Patients with a
known hypersensitivity to any FIX product or hamster protein, or on immunomodulating
treatment or having CD4 cell count < 200/mm3 were excluded. Patients with serum aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) >5 times the upper limit of normal
5
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were also excluded. Patients enrolled in the on-demand treatment group had a minimum of 2
non-trauma-induced bleeding episodes treated per month (any type or location), in the 3-6
months preceding study entry.

Trial design
This was a prospective, non-randomized, multinational, open-label phase 3 study, with patients
assigned to either a prophylaxis Group 1 (prophylaxis/prophylaxis) or an on-demand Group 2
(on-demand/prophylaxis) (Figure 1). Only patients who were previously receiving on-demand
treatment were eligible for Group 2 assignment. The study consisted of a 1-month screening
period to determine eligibility for the study, followed by an active rIX-FP treatment period of at
least 12 months. In addition, all subjects who had not previously undergone PK analysis of rIXFP in a previous study participated in a 14-day PK evaluation of 25 or 50 IU/kg rIX-FP at the
start of the study. A subset of patients in Group 1 (the first 15 rIX-FP-naïve patients enrolled)
underwent both a PK evaluation of their previous FIX product and a second PK evaluation of
50 IU/kg rIX-FP after 26 weeks of 7-day prophylaxis treatment.
Group 1 received rIX-FP once every 7 days as routine prophylaxis during the first 26 weeks with
starting dose of 35 to 50 IU/kg rIX-FP, as decided by the treating physician. After 26 weeks,
patients were allowed to switch to prophylaxis treatment intervals of 10 or 14 days with 75 IU/kg
rIX-FP after meeting the following switching criteria: no spontaneous bleeds for at least 4 weeks
before switching, and receiving ≤ 40 IU/kg rIX-FP in order to switch to the 14-day interval, or

≤ 50 IU/kg rIX-FP to switch to the 10-day interval. The dose could be adjusted up or down
based on the treating physician’s assessment of bleeding phenotype, physical activity level or
clinical outcome.
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Group 2 received on-demand (episodic) treatment with rIX-FP for bleeding episodes during the
first 26 weeks followed by 7-day prophylaxis for approximately ≥26 weeks with a fixed dose
between 35-50 IU/kg, determined by the physician.
All bleeding episodes were treated with rIX-FP, at doses between 35-50 IU/kg, as decided by the
physician.

Patients self-administered rIX-FP for both routine prophylaxis and on-demand

treatment of bleeding episodes; all home administrations were recorded in an electronic diary. A
second dose of rIX-FP was administered at least 24 hours after the first injection, if needed, to
achieve hemostatsis, as determined by the judgment of the patient and/ or provider. Efficacy and
safety assessments were performed at study sites on a monthly basis. Any patient requiring
surgery during the course of the study could participate in a surgical sub-study.
The study was considered completed when 50 patients achieved ≥50 EDs in the rIX-FP clinical
program, including previous studies. However, the active treatment period for the evaluation of
safety and efficacy was extended up to 27 months to allow subjects to receive continuous
treatment with rIX-FP until enrollment in the subsequent extension study.

Trial objectives and outcome measures
The primary efficacy objective of the study was to evaluate the efficacy of rIX-FP to prevent
bleeding episodes, as assessed by an intra-individual comparison of the annualized spontaneous
bleeding rate (AsBR) during 7-day prophylaxis with the AsBR during the on-demand treatment
period in Group 2. The primary safety objective of the study was to evaluate the safety of rIXFP, as assessed by the occurrence of inhibitors against FIX in all patients who received dose(s)
of rIX-FP.

7

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

The secondary objectives of the study were to evaluate the PK, the hemostatic efficacy of rIX-FP
for the prevention and treatment of bleeding episodes and the overall clinical safety of repeated
dosing of rIX-FP. The secondary efficacy endpoints included the annualized bleeding rates
(ABRs) in all prophylaxis regimens (once every 7, 10 and 14 days), the number of rIX-FP
injections required to achieve hemostasis when treating bleeding episodes and the Investigator’s
assessment based on a 4-point scale (see footnote of Table 5 for details). Safety was determined
by evaluating the frequency, severity and relatedness of adverse events (AEs), development of
non-inhibitory antibodies against rIX-FP and Chinese hamster ovary (CHO) cell proteins, local
tolerability, laboratory safety parameters, physical exam and vital signs.

Analytical methods
FIX activity was measured using a validated one-stage clotting method using Pathromtin SL
(Siemens Healthcare Diagnostics, Marburg, Germany) as an activator reagent; rIX-FP activity
determination was performed using the Behring Coagulation System.12

The results were

interpreted using a reference curve, prepared from standard human plasma calibrated to the
WHO standard for FIX, and reported in International Units. This assay was used to measure FIX
activity for PK assessment of both rIX-FP and the patients’ previous FIX product [plasma
derived FIX (pdFIX)] or rFIX].
Inhibitors were titrated by the Bethesda method according to the Nijmegen modification,16 and a
titer ≥ 0.6 Bethesda Units was defined as a positive result.
A tiered approach to immunogenicity testing for rIX-FP was employed during the study. A
direct binding ELISA assay was performed to detect antibodies against rIX-FP; if a positive
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signal was obtained, the sample was re-tested to confirm the specific antibody signal and to
discriminate between antibodies against rFIX, pdFIX and albumin. A second ELISA assay was
performed to test for antibodies against CHO cell proteins; if a positive signal was obtained, the
sample was re-tested by surface plasmon resonance to confirm the specific antibody signal. All
assays were performed in the central laboratory at CSL Behring, Marburg, Germany.

Statistical analysis
The efficacy and safety populations consisted of all patients who received at least 1 dose of rIXFP. The sample size of the study was based on the recommendations from regulatory agencies
due to the rarity of the disease. For the primary safety endpoint of incidence of anti-FIX
inhibitors, a sample size of 50 was considered sufficient to rule out an estimated incidence of
inhibitor development of 10.65%. The primary efficacy endpoint, the AsBR, was analyzed using
the Wilcoxon signed-rank test in the primary efficacy population, which consisted of all patients
assigned to Group 2 who received at least 1 dose of rIX-FP for prophylaxis after completing 26week period of on-demand treatment.

The null hypothesis was that the ratio of AsBR

(prophylaxis/on-demand) was ≥0.50; the test was conducted at the 1-sided 0.025 level. In
addition, the estimated AsBR (model-based AsBR) with 95% confidence interval (CI) based on a
Poisson distribution was presented for all treatment regimens.
The efficacy of the 10-day and 14-day prophylaxis regimens was determined by comparing the
model-based ABR with that obtained in the 7-day prophylaxis regimen. In addition, ABRs were
also calculated as matched pairs and compared using a t-test in patients who received both the 7day and 14-day prophylaxis regimens for a minimum of 12 weeks each.
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Treatment of minor or moderate bleeding episodes was considered successful if hemostasis was
achieved with 1 or 2 injections. The proportion of bleeds treated successfully was reported with
a 95% confidence interval. In order to consider on demand treatment satisfactorily effective, one
would expect to observe that 85% of bleeding episodes are treated with 1 or 2 infusions.17 As an
acceptance criterion, therefore, the lower limit of the 2-sided 95% confidence interval was set to
exceed 80%.
The PK analysis was performed by standard noncompartmental analysis using Phoenix
WinNonlin® software version 6.2 (Pharsight). Four main PK parameters (incremental recovery,
terminal half-life, area under the curve and total body clearance normalized to body weight) were
calculated using the actual collection times, according to International Society on Thrombosis
and Haemostasis recommendations.18,19
Normally or approximately distributed data are reported as mean and standard deviation; nonnormally distributed data, such as ABR, are reported as median and interquartile range.

Drug Product
rIX-FP was produced by expression in CHO cells and supplied as freeze-dried powder in singleuse vials with a nominal content of 500, 1000 or 2000 IU per vial. The 500 and 1000 IU vials
were reconstituted with 2.5mL and the 2000 IU vial with 5.0mL of water for intravenous
injection.
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Results
Patient Characteristics
Overall, 63 male patients with hemophilia B (FIX activity ≤2 IU/dL) from 32 sites in 10
countries provided informed consent and were enrolled and treated with rIX-FP between
February 2012 and July 2014. Patients were between 12 and 61 years of age (mean 33.0 years);
7 patients were younger than 18 years. The patient population was geographically diverse and
included patients from North America, Europe, Asia and the Middle East (Table 1). Over half of
the patients in both Groups 1 and 2 reported chronic hemarthrosis or a target joint at the start of
the study (see footnote of Table 1 for details). Group 2 patients (on-demand prior to study entry)
reported a higher median non-trauma induced bleeding rate than Group 1 patients during the 12
months prior to study entry (21.0 vs 1.0). Patient enrollment and a study flow diagram are
presented in Figure 2.
Pharmacokinetics
All patients who had not been enrolled in a previous study of rIX-FP participated in a PK
assessment at the start of the study, and a subset of patients participated in repeat PK assessment
after 26 weeks of prophylaxis treatment. Overall, rIX-FP demonstrated an improved PK profile
compared to standard FIX products, with an incremental recovery of 1.27 (IU/dL)/(IU/kg), halflife of 101.7 hours, area under the curve of 7,176 IU*hr/dL and clearance of 0.769 mL/h/kg,
similar to that previously reported.12 After repeat dosing, pharmacokinetics of 50 IU/kg rIX-FP
were similar to initial results, and did not show time-dependence or accumulation.
After administration of a single intravenous dose of rIX-FP, mean FIX activity remained above
5 IU/dL through day 10 following a dose of 25 IU/kg and through day 14 following a dose of
50 IU/kg (Figure 3).
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Efficacy
Once weekly prophylaxis after switching from on-demand treatment with rIX-FP
The primary analysis was performed on the Primary Efficacy population (n=19), which included
Group 2 patients who received rIX-FP on-demand treatment during the first 26 weeks (median:
26.7, IQR: 26.0-27.4 weeks) and then switched to a once weekly prophylaxis regimen for the
remaining weeks on study (median: 45.1, IQR, 17.3-74 weeks). The AsBR was significantly
reduced following prophylaxis treatment with rIX-FP compared with on-demand treatment
(median AsBR of 0.00 and 15.43, respectively; P <0.0001, Table 2). The median rIX-FP dose
during the once weekly prophylaxis regimen was 40.3 IU/kg (IQR, 37.6-50.6). Overall, there
was a 100% reduction in AsBR and 90% reduction in total ABR for patients switching from ondemand to weekly prophylaxis with rIX-FP.
Group 2 patients showed a slight decrease in total ABR (median 19.2; Table 2) during ondemand treatment with rIX-FP as compared to the rate reported in the 12 months prior to study
entry (median 23.5; Table 1); non-trauma ABR decreased from a median of 21 (IQR 12-24;
Table 1) to 13.3 (IQR 7.7-17), respectively. There were 14 patients who reported chronic
hemarthrosis or at least 1 target joint at screening (Table 1), and target joints were observed in 10
patients during the on-demand treatment period in the study. After switching to the once weekly
prophylaxis regimen, target joints were resolved in all 10 patients: 7 patients had no joint bleeds
and 3 patients had only a single bleeding episode in the previously affected joints.
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Prophylaxis regimens every 10 or 14 days after switching from once weekly schedule
After completing at least 26 weeks on 7-day prophylaxis with a median dose of 40 IU/kg rIX-FP,
28 (70%) patients met the switching criteria (Figure 1) and switched to the 14-day prophylaxis
regimen with 75 IU/kg (21 patients) or to the 10-day regimen with 75 IU/kg (7 patients). The
median AsBR was 0.00 for all prophylaxis regimens tested in Group 1 and the estimated mean
AsBR was 0.83, 0.56 and 0.65 in the 14-, 10- and 7-day prophylaxis regimens, respectively
(Table 3). Results for total ABR and joint ABR were similar across treatment regimens, as
shown in Table 3. An intra-individual comparison of AsBR between the 7-and 14-day regimens
showed that the 14-day regimen was non-inferior to the 7-day regimen, with a mean difference
of −0.79 (95% CI, −1.780 to 0.197).

FIX trough levels and rIX-FP consumption during prophylaxis regimens
At Day 7 during once weekly prophylaxis with 40 IU/kg and Day 14 during 14-day prophylaxis
with 75 IU/kg, the mean trough FIX activity was 20.0 IU/dL (IQR 17-26 IU/dL, range, 2.536.2 IU/dL) and 12.4 IU/dL (IQR 10-14 IU/dL, range, 3.1-25.4 IU/dL), respectively. Patients
receiving 14-day and 7-day prophylaxis with rIX-FP had a median consumption of
162.3 IU/kg/month (IQR, 158.6-164.2) and 194.7 IU/kg/month (IQR, 167.4, 215.0), respectively.
Prior to study entry, the median consumption on prophylaxis with standard FIX products was
256.6 IU/kg/month (IQR, 208.7, 365.3).

Treatment of bleeding episodes
A total of 358 bleeding episodes were treated with rIX-FP; 93.6% and 98.6% of these episodes
were successfully treated with 1 or ≤2 infusions of rIX-FP, respectively (Table 4).

The
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probability of success, defined as requiring ≤ 2 infusions to achieve hemostasis, was 98.6%
(95% CI: 96.2, 99.5). Patients re-dosed if needed, at a mean of 49 hours following the first
infusion (IQR 31-65 hours), based on the clinical judgment of patient or physician. Similar
treatment efficacy was observed in patients receiving prophylaxis and on-demand treatment,
regardless of the cause (spontaneous, trauma-induced or unknown) or location (joint, muscle or
other) of the bleeding episodes. Hemostatic efficacy of rIX-FP in the treatment of bleeding
episodes was rated by investigators as excellent or good for 94.1% of bleeding episodes. There
were no life-threatening bleeding episodes during the study.

The majority of total and

spontaneous bleeding episodes (58.7% and 66.2%, respectively) occurred in the elbow, knee and
ankle joints. There were 5 iliopsoas bleeds in 4 patients; 80% were successfully treated with 1
infusion.

Safety
There were 3907 injections of rIX-FP during the study with a mean of 64.8 exposure days (EDs)
per patient (72.4 in Group 1 and 51.5 in Group 2). No inhibitors against FIX were detected in
any patient receiving rIX-FP, thus the primary safety objective was successfully achieved. No
non-neutralizing antibodies against rIX-FP or CHO host cell proteins were detected.
A total of 347 treatment-emergent AEs were reported in 54 (85.7%) patients. Most treatmentemergent AEs were of mild or moderate severity (283 mild, 59 moderate, 5 severe). The most
frequently reported treatment-emergent AEs were nasopharyngitis (38 events in 16 [25.4%]
patients), headache (34 events in 15 [23.8%] patients), arthralgia (19 events in 9 [14.3%]
patients), and influenza (10 events in 7 [11.1%] patients). Eleven AEs (all mild or moderate in
severity) in 5 (7.9%) patients were considered by the physician to be possibly related to rIX-FP.
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Two patients chose to discontinue treatment after experiencing an AE (1 with hypersensitivity,
1 with headache). The AE of hypersensitivity was considered likely to be an infusion-related
reaction with nausea, mild palpitation and dysgeusia. The patient’s heart rate slightly increased
from 51 to 60 bpm and blood pressure was stable (134/78 mmHg). All symptoms resolved within
23 minutes without treatment. The patient decided to withdraw from the study, and had no
detectable inhibitors to FIX one month after the last dose of rIX-FP. The AE of headache was
reported as moderate in severity and resolved the same day without treatment.
There were a total of 28 (0.7%) injection site reactions reported by 12 patients. Two (3.2%)
patients reported serious adverse events (SAEs): 1 patient was hospitalized for treatment of
synovitis according to local practice, and 1 patient with a history of epilepsy following head
trauma was hospitalized for treatment of an episode of acquired epileptic aphasia, which resolved
as expected. Both SAEs were considered by the treating physician to be unrelated to rIX-FP.
There were no reports of thromboembolic events, anaphylaxis or life-threatening AEs.

Discussion
Results from this prospective Phase 3 study demonstrate that rIX-FP is a safe and effective FIX
replacement product with an improved PK profile as compared to standard FIX products,
supporting a prophylaxis dosing interval up to 14 days while maintaining FIX trough levels
above the target of 1 IU/dL commonly recommended for prophylaxis.2
rIX-FP regimens were highly effective in bleeding prevention, as demonstrated by the
achievement of a median AsBR of 0.0 across all prophylaxis regimens. The 7-day regimen with
40 IU/kg and the 14-day regimen with 75 IU/kg resulted in similarly low total ABR and AsBR,
indicating that rIX-FP given once every 14 days represents an effective and convenient
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prophylactic option. In addition, overall consumption of rIX-FP for prophylaxis was
approximately 40% lower than the previous product used prior to study entry. Indeed, the
efficacy of rIX-FP over longer treatment intervals translates to a reduced number of injections
for patients compared to currently available rFIX and pdFIX products, with a reduction in
consumption. Therefore, routine prophylaxis with rIX-FP may reduce the burden of disease
management for patients, caregivers, and healthcare providers.
The efficacy of prophylaxis treatment compared to on-demand treatment was demonstrated by a
within-subject comparison of the two rIX-FP regimens; this study design controlled for the
variability of bleeding frequency within the hemophilia B patient population, as Group 2 patients
started rIX-FP treatment on-demand and continued on 7-day prophylaxis with a median dose of
40 IU/kg rIX-FP. A drastic reduction of the median AsBR to 0.0 while on 7-day prophylaxis was
observed and, in addition, all target joints resolved in these patients after switching to 7-day
prophylaxis regimen.
Measures of hemostatic efficacy indicated that rIX-FP provides rapid and complete control of
bleeding episodes, with a success rate of 98.6%. In particular, 93.6% of bleeds were controlled
with 1 infusion, which compares favorably to results reported for both pdFIX and rFIX products,
including extended half-life FIX products.3,4,20,21
It is intriguing to note that a slight decrease of ABR was observed in Group 2 patients during ondemand treatment with rIX-FP as compared to the ABR in the 12-month period preceding study
entry. This finding raises the possibility that on-demand treatment with rIX-FP might provide, to
a certain extent, some protection against a subsequent bleeding episode. Therefore, patients with
a severe bleeding phenotype treated on-demand might experience fewer bleeding episodes if
switched to rIX-FP. Furthermore, such on-demand patients who require more than one infusion
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per month may have the benefit of a reduction of ABR by administering a similar number of
infusions according to a 14-day prophylaxis regimen with rIX-FP. This observation may have
been affected by the small sample size and differences of care received by patients while on a
clinical study; further data are needed to understand if rIX-FP can lower the ABR of patients
receiving only on-demand treatment.
The median rIX-FP doses of 40 IU/kg for 7-day and 75 IU/kg for 14-day prophylaxis regimens
provided FIX activity troughs of 20.0 IU/dL and 12.4 IU/dL, respectively. While not tested in
this trial, a 7-day prophylaxis regimen of 25 IU/kg and a 14-day prophylaxis regimen of
50 IU/kg are supported by current and previous PK results with rIX-FP 12,13,22, and should allow
patients with severe and moderate hemophilia B to experience the benefit of a mild bleeding
phenotype.
rIX-FP demonstrated improved PK parameters over all marketed FIX products3,4,23 with an
extended terminal half-life of 102 hours. Other PK parameters, such as area under the curve
(AUC; 7176 IU*h/dL), clearance (0.77 mL/h/kg) and incremental recovery (1.27 IU/dL per
IU/kg) are improved as well. Mean FIX activity was above 5 IU/dL at Day 7 and 14 following a
single dose of 25 or 50 IU/kg rIX-FP, respectively. While no statistical comparisons have been
performed, rFIXFc has reported a faster clearance of 3.304 mL/kg/h, and reached 3 IU/dL FIX
activity 5.8 days after administration.5 The median AsBR of 7-day prophylaxis with rIX-FP
(median dose 40 IU/kg) was 0.00, lower than the reported AsBR of 1.04 with weekly
prophylaxis with rFIXFc (median dose 45.2 IU/kg).4,5 A direct comparison of the efficacy of
prophylaxis with rIX-FP and rFIXFc is difficult due to the differences in patient population,
study design and prophylaxis regimens between these trials; however, these findings suggest that
a slower clearance may be a factor in the success of prophylaxis regimens rather than half-life
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alone.
FIX activity levels play a key role in preventing bleeding. Den Uijl et al.24 showed that joint
bleeding occurs in a relevant proportion of hemophilia A patients with factor levels up to
12 IU/dL. While no hemophilia B patients were included in that study, it suggests that FIX
levels required to prevent bleeding may be higher than currently targeted with standard
prophylaxis regimens. Patients on prophylaxis with standard FIX products administered 2 times
per week may have an increased risk of bleeding when FIX activity is low, particularly prior to
the next scheduled prophylaxis dose. In contrast, the improved PK parameters of rIX-FP offer
higher FIX activity for longer durations, reducing the risk of both spontaneous and traumarelated bleeding episodes, in addition to offering a less frequent dosing schedule and potential
improvements in adherence.25
In conclusion, rIX-FP is safe and effective in preventing and treating bleeding episodes in
previously treated adolescents and adults with hemophilia B. The enhanced pharmacokinetic
profile allows for a paradigm shift of routine prophylaxis regimen at dosing intervals of up to 14
days. With a half-life of over 100 hours, 5 to 7-fold better clearance and AUC and higher
incremental recovery than standard FIX products, rIX-FP will provide prolonged hemostatic
coverage. A study is currently underway to evaluate the efficacy of a 21-day prophylaxis
regimen with a dose of 100 IU/kg rIX-FP.
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Figure 1. Study design. The study consisted of a 1 month screening period, 14-day PK
assessment, followed by active treatment for at least 12 months. Patients were assigned to either
er
prophylaxis treatment (Group 1) or on-demand treatment (Group 2) based on previous treatment
regimen. Group 1 patients received weekly prophylaxis for 26 weeks and then were evaluated
for eligibility to switch to a longer treatment interval (star). Group 2 received on demand
treatment for the first 26 weeks followed by weekly rIX-FP prophylaxis for additional 26 weeks
or longer. Subjects were required to have no spontaneous bleeds for at least 1 month and be on a
stable dose of ≤ 40 IU/kg or ≤ 50 IU/kg rIX-FP to switch to a 14-day or 10-day treatment
interval, respectively. Subjects continued on 7-, 10- or 14-day prophylaxis for the remaining
treatment period. A subset of subjects in Group 1 (the first 15 patients naïve to rIX-FP to enroll)
repeated the PK assessment of 50 IU/kg rIX-FP at approximately week 26, prior to switching to
a longer treatment interval. EOS indicates end of study.
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Figure 2.

Patient enrollment and study flow diagram

The diagram shows the flow and disposition of patients in the trial. Following screening,
63 subjects were enrolled in the study. All subjects who had not previously undergone
pharmacokinetic analysis of rIX-FP in a previous study participated in PK evaluation of 25 IU/kg
g
(n=6) or 50 IU/kg rIX-FP (n=46). A subset of subjects (n=13) also participated in a PK
evaluation of their previous FIX product (pdFIX or rFIX). A subset of subjects (n=15) repeated
PK analysis of 50 IU/kg rIX-FP at approximately week 26. Subjects were assigned either
weekly prophylaxis (Group 1) or on-demand treatment (Group 2) with rIX-FP, based on their
prior treatment regimen. Eight subjects discontinued from the study for the following reasons:
AEs (n=2), subject decision (n=2), lost to follow-up (n=3) and protocol violation (n=1,
unwillingness to switch to prophylaxis after on-demand treatment).
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Figure 3. FIX activity after injection of a single dose of rIX-FP or previous FIX product
(PK population). Mean baseline-uncorrected plasma factor IX (FIX) activity after
administration of a single infusion of 25 or 50 IU/kg of recombinant fusion protein linking
X
recombinant coagulation factor IX with recombinant albumin (rIX-FP) or 50 IU/kg previous FIX
product (plasma-derived or recombinant FIX). Linear (A) and semi-log (B) plots of rIX-FP over
time. (C) Matched-pair plot patients who participated in both 50 IU/kg rIX-FP and 50 IU/kg
previous FIX product. FIX activity was measured in international units per deciliter. Vertical
bars represent standard deviation. A horizontal dotted line represents the 5 IU/dL FIX activity
level. (D) Box plot of FIX activity of rIX-FP at Day 7 and Day14; the bar within the box
represents the median, diamond represents the mean, the ends of the box are the interquartile
range, whiskers represent minimum and maximum values. FIX activity levels are not available
for a dose of 25 IU/kg rIX-FP at Day 14.

23

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

Table 1. Baseline demographics and patient characteristics
Prophylaxis
(N=40)

On-Demand
(N=23)

Overall
(N=63)

31.6 (15.2)

35.3 (11.1)

33.0 (13.9)

Adolescents (12–17 years), n

7

0

7

Race, n (%)
White
Asian
Black/African-American

33 (82.5)
6 (15.0)
1 (2.5)

19 (82.6)
4 (17.4)
0

52 (82.5)
10 (15.9)
1 (1.6)

Weight, kg
Mean (SD)

69.6 (14.4)

75.1 (20.7)

71.6 (17.0)

Geographic location, n (%)
Asia
Europe
Middle East
North America

6 ( 15.0)
21 ( 52.5)
11 ( 27.5)
2 ( 5.0)

4 ( 17.4)
15 ( 65.2)
0
4 ( 17.4)

10 ( 15.9)
36 ( 57.1)
11 ( 17.5)
6 ( 9.5)

Previous treatment regimen
On-demand
Prophylaxis

0
40 (100.0)

23 (100.0)
0

23 ( 36.5)
40 ( 63.5)

Previous FIX product
rFIX
pdFIX
rIX-FP *

20 ( 50.0)
9 ( 22.5)
11 ( 27.5)

7 ( 30.4) ¶
12 ( 52.2)
4 ( 17.4)

27 ( 42.8)
21 ( 33.3)
15 ( 23.8)

Classification of hemophilia†, n(%)
≤ 1 IU/dL
≤ 2 IU/dL

35 (87.5)
40 (100.0)

20 (87.0)
23 (100.0)

63 (100.0)

HIV positive
HBV positive
HCV positive

7 (17.5)
1 (2.5)
10 (25.0)

5 (21.7)
1 (4.3)
13 (56.5)

12 (19.0)
2 (3.2)
23 (36.5)

Chronic hemarthrosis/target joint‡,
n (%)

21 (52.5)

14 (60.9)

35 (55.6)

3.4 (3.8)
2.0 (0, 4.5)

24.3 (7.3)
23.5 (22, 28)

1.5 (2.2)
0 (0, 2)

16.6 (8.6)
17.0 (10, 24)

Characteristics
Age, years
Mean (SD)

Total ABR §
Mean (SD)
Median (IQR)
Spontaneous ABR §
Mean (SD)
Median (IQR)

Non-trauma ABR §
Mean (SD)
1.7 (2.5)
18.3 (6.7)
Median (IQR)
1.0 (0, 2)
21.0 (12, 24)
SD indicates standard deviation; HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV,
hepatitis C virus; ABR, annualized bleeding rate; IQR, interquartile range.
* Patients previously enrolled in Phase 2 study with rIX-FP. 13
† FIX activity level (IU/dL) as recorded in subject medical records or measured at screening. All
subjects had FIX activity ≤ 2 IU/dL in order to be eligible for the study.
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‡ Percentages are based on the number of patients with chronic hemarthrosis in at least 1 major joint
(ankle, knee or elbow) or a target joint, defined as at least 3 spontaneous bleeding episodes in the same
joint in a 6-month period. 26
§ Bleeding episodes in the 12 months prior to study entry.
 Non-trauma defined as spontaneous and unknown cause bleeding episodes.
¶ Includes 1 subject previously on an investigational rFIX product.
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Table 2. Annualized bleeding rates of Group 2 switching from on-demand treatment to
once weekly prophylaxis with rIX-FP

Number of Subjects with at
Least 1 Spontaneous Bleeding
Episode, n (%)
AsBR *
Median (IQR)
Estimated rate (95% CI) †

On-Demand Regimen
(N=19)

Prophylaxis
Regimen
(N=19)

19 (100.0)

9 ( 47.4)

15.43 (7.98, 17.96)
13.62
(11.001, 16.868)

0.00 (0.00, 0.96)
0.55
(0.233, 1.322)

Prophylaxis /
On-demand

0.04
(0.019, 0.089)

Reduction in AsBR with
prophylaxis treatment (%)
100.00
(90.53, 100.00)
<0.0001

Median (IQR)
p-value ‡
Total ABR *
Median (IQR)
Estimated rate (95% CI) †

19.22 (16.70, 25.84)
20.09
(16.808, 24.003)

1.58 (0.00, 4.06)
2.22
(0.942, 5.243)

0.11
(0.051, 0.238)

Reduction in Total ABR with
prophylaxis treatment (%)
90.94
(81.19, 100.00)
p-value ‡
<0.0001
The median rIX-FP dose during the once weekly prophylaxis regimen was 40.3 IU/kg (IQR, 37.6-50.6).
Median (IQR)

ABR indicates annualized bleeding rate; AsBR, annualized spontaneous bleeding rate; IQR, interquartile
range; CI, confidence interval.
* The ABR was defined as: 365.25 * (number of bleeding episodes) / (number of days in the observed
treatment period of interest).
† The estimated rate was calculated assuming a Poisson distribution.
‡ P-values are based on Wilcoxon Signed-rank test, with a hypothesis of H0: AsBR ratio (prophylaxis/ondemand) ≥ 0.50.
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Table 3. Annualized bleeding rates of 7-, 10- and 14-day prophylaxis regimens

AsBR
Median (IQR)
Estimated rate †
95% CI †
Mean difference
(95% CI) ‡
Total ABR
Median (IQR)
Estimated rate †
95% CI †
Mean difference
(95% CI) ‡
Joint ABR
Median (IQR)
Estimated rate †
95% CI †
Mean difference
(95% CI) ‡

Prophylaxis (Group 1)*
Within Subject Comparison
7-Day
14-Day
7-Day vs 14Regimen
Regimen
Day Regimen
(N=21)
(N=21)

0 (0, 0)
0.65
0.37, 1.13

0 (0, 0)
0.56
0.27, 1.17

0 (0, 1.0)
0.83
0.38, 1.77

0 (0, 0)
0.29
0.068, 1.198

0 (0, 1.0)
0.83
0.385, 1.771

0 (0, 1.87)
1.58
1.02, 2.44

0 (0, 1.78)
1.69
0.87, 3.28

1.08 (0, 2.7)
1.61
0.93, 2.80

0 (0, 1.53)
0.69
0.296, 1.626

1.08 (0, 2.70)
1.61
0.930, 2.801

0 (0, 1.53)
1.13
0.70, 1.84

0 (0, 0.88)
0.92
0.41, 2.04

0 (0, 1.04)
1.11
0.51, 2.41

0 (0, 0)
0.41
0.141, 1.161

0 (0, 1.04)
1.11
0.513, 2.414
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Prophylaxis (Group 1)
Across Treatment Regimens
7-Day
10-Day
14-Day
Regimen
Regimen
Regimen
(N=40)
(N=7)
(N=21)

0.35
0.076, 1.575
-0.79
(-1.780, 0.197)

0.43
0.162, 1.138
-1.25
(-2.562, 0.070)

0.36
0.111, 1.199
-0.97
(-2.197, 0.249)

Treatment duration, weeks
Median (IQR)

38.4
34.3
55.1
(30.0, 82.3)
(21.3, 58.6)
(37.0, 63.6)
The median assigned doses for the 7-, 10- and 14-day prophylaxis regimens were 40, 75 and 75 IU/kg, respectively.
AsBR indicates annualized spontaneous bleeding rate; ABR, annualized bleeding rate; IQR, interquartile range; CI, confidence interval.
* Includes subjects with a minimum of 12 weeks of treatment on both 7-day and 14-day prophylaxis.
† The estimated rate was calculated assuming a Poisson distribution.
‡ 95% CI based on t-test from matched pairs design.
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Table 4. Summary of bleeding episodes and hemostatic response to rIX-FP
On-Demand (Group 2)
On-Demand
Regimen

Prophylaxis
Regimen

Overall

40

23

19

63

30

23

11

53

101

220

37

358

Type of bleeding episode, n (%)
Spontaneous
Traumatic
Post-surgery
Unknown

48 (47.5)
48 (47.5)
0
5 (5.0)

145 (65.9)
67 (30.5)
0
8 (3.6)

11 (29.7)
25 (67.6)
0
1 (2.7)

204 (57.0)
140 (39.1)
0
14 (3.9)

Injections to treat a bleeding
episode, n (%)
1 injection
2 injections
> 2 injections

93 ( 92.1)
8 ( 7.9)
0

208 ( 94.5)
9 ( 4.1)
3 ( 1.4)

34 ( 91.9)
1 ( 2.7)
2 ( 5.4)

335 ( 93.6)
18 ( 5.0)
5 ( 1.4)

101 (100.0)

217 ( 98.6)

35 ( 94.6)

353 ( 98.6)

NC
NC

98.6
(94.3, 99.7)

94.6
(76.9, 98.9)

98.6
(96.2, 99.5)

Prophylaxis
(Group 1)
Number of patients
Number of patients with
bleeding episodes requiring
treatment
Number of bleeding episodes
requiring treatment

1 or 2 Injections
Probability of Success *
95% CI for Probability of
Success

Number of Bleeding Episodes
Requiring Treatment

Prophylaxis
(Group 1)

On-Demand
(Group 2)

Overall
(N=63)

101

257

358

Hemostatic response†, n (%)
Excellent
72 ( 71.3)
225 ( 87.5)
297 ( 83.0)
Good
21 ( 20.8)
19 ( 7.4)
40 ( 11.2)
Moderate
3 ( 3.0)
6 ( 2.3)
9 ( 2.5)
Poor/ No Response
0
1 ( 0.4)
1 ( 0.3)
Missing
5 ( 5.0)
6 ( 2.3)
11 ( 3.1)
CI indicates confidence interval, NC, not calculated.
A second dose of rIX-FP was administered at least 24 hours after the first injection, if needed, to
achieve hemostatsis, as determined by the judgment of the patient and/ or provider.
* Probability of success is derived from a repeated measures model (expressed as percentages) and is
defined as the probability of achieving hemostasis with 1 or 2 infusions.
† Hemostatic response was evaluated by the physician. Definitions of hemostatic response: Excellent pain relief and/or unequivocal improvement in objective signs of bleeding at approximately 24 hours
after the first infusion and no additional infusions required in order to achieve hemostasis.; Good definite pain relief and/or improvement in signs of bleeding at approximately 24 hours after the first
infusion, but required a second infusion in order to achieve hemostasis; Moderate - probable or slight
beneficial effect at approximately 24 hours after the first infusion, and required more than 2 infusions
to achieve hemostasis; Poor/ No response - no improvement or worsened at approximately 24 hours
after the first infusion and additional hemostatic intervention required with other FIX product or
plasma to achieve hemostasis.

28

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

Reference List

1. Bolton-Maggs PHB, Pasi KJ. Haemophilias A and B. Lancet 2003;361:1801-1809.
2. Srivastava A, Brewer AK, Mauser-Bunschoten EP et al. Guidelines for the management
of hemophilia. Haemophilia 2013;19:e1-e47.
3.

RIXUBIS Package Insert. http://www.rixubis.com/pdf/rixubis_pi.pdf. 2014. Accessed
September 1, 2015.

4.

Alprolix Package Insert. http://www.alprolix.com/pdfs/PrescribingInformation.pdf. 32-0014. Accessed September 1, 2015.

5. Powell JS, Pasi KJ, Ragni MV et al. Phase 3 Study of Recombinant Factor IX Fc
Fusion Protein in Hemophilia B. N Engl J Med 2013;369:2313-2323.
6. Santagostino E., Mancuso ME. Venous access in haemophilic children: choice and
management. Haemophilia 2010;16:20-24.
7. Kuo TT, Baker K, Yoshida M et al. Neonatal Fc Receptor: From Immunity to
Therapeutics. J Clin Immunol 2010;30:777-789.
8. Andersen JT, Pehrson R, Tolmachev V et al. Extending Half-life by Indirect Targeting
of the Neonatal Fc Receptor (FcRn) Using a Minimal Albumin Binding Domain.
Journal of Biological Chemistry 2011;286:5234-5241.
9. Metzner HJ, Weimer T, Kronthaler U, Lang W, Schulte S. Genetic fusion to albumin
improves the pharmacokinetic properties of Factor IX. Thromb Haemost 2009;102:634644.

29

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

10. Nolte MW, Nichols TC, Mueller-Cohrs J et al. Improved kinetics of rIX-FP, a
recombinant fusion protein linking factor IX with albumin, in cynomolgus monkeys and
hemophilia B dogs. J Thromb Haemost 2012;10:1591-1599.
11. Herzog E, Harris S, Henson C et al. Biodistribution of the recombinant fusion protein
linking coagulation factor IX with albumin (rIX-FP) in rats. Thromb Res 2014;133:900907.
12. Santagostino E, Negrier C, Klamroth R et al. Safety and pharmacokinetics of a novel
recombinant fusion protein linking coagulation factor IX with albumin (rIX-FP) in
hemophilia B patients. Blood 2012;120:2405-2411.
13. Martinowitz U, Lissitchkov T, Lubetsky A et al. Results of a phase I/II open-label,
safety and efficacy trial of coagulation factor IX (recombinant), albumin fusion protein
in haemophilia B patients. Haemophilia 2015;21:784-790.
14. International Conference on Harmonization. Harmonized Tripartite Guideline:
Guideline for Good Clinical Practice (E6). ICH. 1996. Accessed March 23, 2015.
15. European Medicines Agency. Committee for medicinal products for human use
(CHMP), Guideline in the Clinical Investigation of Recombinant and Human PlasmaDerived Factor IX Products. EMEA. 2009.CHMP/BPWP/144552/2009.
16. Verbruggen B, Novakova I, Wessels H et al. The Nijmegen modification of the
Bethesda assay for factor VIII:C inhibitors: improved specificity and reliability. Thromb
Haemost 1995;73:247-251.
17. Windyga J, Lissitchkov T, Stasyshyn O et al. Efficacy and safety of a recombinant
factor IX (Bax326) in previously treated patients with severe or moderately severe

30

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

haemophilia B undergoing surgical or other invasive procedures: a prospective, openlabel, uncontrolled, multicentre, phase III study. Haemophilia 2014;20:651-658.
18. Morfini M, Lee M, Messori A. The design and analysis of half-life and recovery studies
for factor VIII and factor IX. Factor VIII/Factor IX Scientific and Standardization
Committee of the International Society for Thrombosis and Haemostasis. Thromb
Haemost 1991;66:384-386.
19. Lee M, Morfini M, Schulman S, Ingerslev J, and Factor VIII / Factor IX Scientific and
Standardization Committee of the International Society forThrombosis and
Haemostasis. Scientific and Standardization Committee Communication: The Design
and Analysis of Pharmacokinetic Studies of Coagulation Factors.
http://c.ymcdn.com/sites/www.isth.org/resource/group/d4a6f49a-f4ec-450f-9e0f7be9f0c2ab2e/official_communications/fviiipharmaco.pdf. 2001. Accessed September
1, 2015.
20. Collins PW, Young G, Knobe K et al. Recombinant long-acting glycoPEGylated factor
IX in hemophilia B: a multinational randomized phase 3 trial. Blood 2014;124:38803886.
21. Roth DA, Kessler CM, Pasi KJ et al. Human recombinant factor IX: safety and efficacy
studies in hemophilia B patients previously treated with plasma-derived factor IX
concentrates. Blood 2001;98:3600-3606.
22. Martinowitz U, Lubetsky A. Phase I/II, open-label, multicenter, safety, efficacy and PK
study of a recombinant coagulation factor IX albumin fusion protein (rIX-FP) in
subjects with hemophilia B. Thromb Res 2013;131S2:S11-S14.

31

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

23.

Benefix Package Insert. http://labeling.pfizer.com/showlabeling.aspx?id=492. 2012.
Accessed September 1, 2015.

24. Den Uijl IEM, Mauser Bunschoten EP, Roosendaal G et al. Clinical severity of
haemophilia A: does the classification of the 1950s still stand? Haemophilia
2011;17:849-853.
25. Savage N. Clotting factors: Stretching time. Nature 2014;515:S162-S164.
26. Blanchette VS, Key NS, Ljung LR et al. Definitions in hemophilia: communication
from the SSC of the ISTH. J Thromb Haemost 2014;12:1935-1939.

32

From www.bloodjournal.org by guest on May 25, 2019. For personal use only.

Prepublished online January 11, 2016;
doi:10.1182/blood-2015-09-669234

Long acting recombinant coagulation factor IX albumin fusion protein
(rIX-FP) in hemophilia B: results of a phase 3 trial
Elena Santagostino, Uri Martinowitz, Toshko Lissitchkov, Brigitte Pan-Petesch, Hideji Hanabusa,
Johannes Oldenburg, Lisa Boggio, Claude Negrier, Ingrid Pabinger, Mario von Depka Prondzinski,
Carmen Altisent, Giancarlo Castaman, Koji Yamamoto, Maria-Teresa Álvarez-Roman, Christine Voigt,
Nicole Blackman and Iris Jacobs

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Advance online articles have been peer reviewed and accepted for publication but have not yet
appeared in the paper journal (edited, typeset versions may be posted when available prior to
final publication). Advance online articles are citable and establish publication priority; they are
indexed by PubMed from initial publication. Citations to Advance online articles must include
digital object identifier (DOIs) and date of initial publication.

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society of
Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.

