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A bs tr ac t

Background
Prophylactic factor replacement in patients with hemophilia B improves outcomes but 
requires frequent injections. A recombinant factor IX Fc fusion protein (rFIXFc) with 
a prolonged half-life was developed to reduce the frequency of injections required.
Methods
We conducted a phase 3, nonrandomized, open-label study of the safety, efficacy, and 
pharmacokinetics of rFIXFc for prophylaxis, treatment of bleeding, and perioperative 
hemostasis in 123 previously treated male patients. All participants were 12 years of age 
or older and had severe hemophilia B (endogenous factor IX level of ≤2 IU per deciliter, 
or ≤2% of normal levels). The study included four treatment groups: group 1 received 
weekly dose-adjusted prophylaxis (50 IU of rFIXFc per kilogram of body weight to 
start), group 2 received interval-adjusted prophylaxis (100 IU per kilogram every 10 days 
to start), group 3 received treatment as needed for bleeding episodes (20 to 100 IU per 
kilogram), and group 4 received treatment in the perioperative period. A subgroup of 
group 1 underwent comparative sequential pharmacokinetic assessments of recombi-
nant factor IX and rFIXFc. The primary efficacy end point was the annualized bleeding 
rate, and safety end points included the development of inhibitors and adverse events.
Results
As compared with recombinant factor IX, rFIXFc exhibited a prolonged terminal half-
life (82.1 hours) (P<0.001). The median annualized bleeding rates in groups 1, 2, and 3 
were 3.0, 1.4, and 17.7, respectively. In group 2, 53.8% of participants had dosing inter-
vals of 14 days or more during the last 3 months of the study. In groups 1, 2 and 3, 90.4% 
of bleeding episodes resolved after one injection. Hemostasis was rated as excellent or 
good during all major surgeries. No inhibitors were detected in any participants receiv-
ing rFIXFc; in groups 1, 2, and 3, 73.9% of participants had at least one adverse event, 
and serious adverse events occurred in 10.9% of participants. These events were mostly 
consistent with those expected in the general population of patients with hemophilia.
Conclusions
Prophylactic rFIXFc, administered every 1 to 2 weeks, resulted in low annualized bleed-
ing rates in patients with hemophilia B. (Funded by Biogen Idec; ClinicalTrials.gov 
number, NCT01027364.)
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I n patients with severe hemophilia B, 
recurrent bleeding leads to painful hemarthro-
ses, disabling hemophilic arthropathy, and 

other sequelae.1,2 Prophylactic replacement of co-
agulation factor IX is associated with improved 
clinical outcomes3-7; however, the relatively short 
half-lives of currently available factor IX products 
necessitate frequent intravenous injections (two or 
three times weekly) to maintain protective levels (at 
or above 1 IU per deciliter).8,9 The frequency of in-
jections is a considerable burden, cited by patients 
as a key deterrent to undertaking prophylactic 
treatment.10 Various strategies to reduce this bur-
den and improve the treatment of hemophilia B are 
under investigation,11,12 including the use of bio-
engineered coagulation factors, which may re-
quire less frequent injections,13-17 and gene-transfer 
therapy,18,19 a potentially curative treatment option.

To prolong the half-life and reduce the fre-
quency of injections, recombinant factor IX Fc 
fusion protein (rFIXFc), or eftrenonacog alfa, has 
been developed. The protein is composed of a 
single molecule of recombinant factor IX cova-
lently fused to the dimeric Fc domain of IgG1.

15,17 
With Fc fusion proteins, the neonatal Fc recep-
tor and the endogenous IgG recycling pathway 
delay lysosomal degradation of IgG and the fu-
sion proteins, recycling them back into circula-
tion and thus prolonging the plasma half-life.20,21 
The pharmacokinetics and safety of rFIXFc were 
previously evaluated in a single-dose, phase 1–2a 
clinical study involving patients with severe he-
mophilia B.17 Here we report the results of a 
phase 3 nonrandomized, open-label, multicenter 
study designed to compare the pharmacokinetics 
of rFIXFc with those of recombinant factor IX 
and to assess the safety and efficacy of repeated 
administration of rFIXFc for the prevention and 
treatment of bleeding in adolescents and adults 
with severe hemophilia B.

Me thods

Study Oversight

The protocol (available with the full text of this 
article at NEJM.org) was developed by the spon-
sor of the study, Biogen Idec, in collaboration 
with the Food and Drug Administration for a 
prelicensure study and was approved by the insti-
tutional review board at each participating cen-
ter. The study was conducted in accordance with 
the International Conference on Harmonization 
Guideline for Good Clinical Practice. Data were 

collected by the investigators and analyzed by the 
sponsor. All authors had access to the final data, 
participated in data analysis and interpretation, 
and vouch for the completeness and accuracy of 
the data and adherence to the study protocol. The 
first draft of the manuscript was written by 
three of the authors (two were employees of the 
sponsor, and the third a paid consultant to the 
sponsor) with input from all coauthors and with 
assistance from a medical writer funded by the 
sponsor. All authors participated in revising 
subsequent drafts of the manuscript and made 
the final decision to submit it for publication. 
Biogen Idec reviewed the manuscript and pro-
vided feedback to the authors.

Study Participants

Male patients 12 years of age or older with severe 
hemophilia B (≤2 IU of endogenous factor IX per 
deciliter) were eligible for inclusion in the study 
if they were receiving prophylaxis or had a his-
tory of at least eight bleeding events in the year 
before enrollment and had been previously treat-
ed with at least 100 injections of replacement 
factor IX (i.e., had accrued at least 100 exposure 
days). Patients were excluded if they had a history 
of development of inhibitors (i.e., neutralizing anti-
bodies) or anaphylaxis associated with factor IX or 
intravenous immunoglobulin. Patients with other 
coagulation disorders, uncontrolled infection with 
the human immunodeficiency virus (HIV), renal 
dysfunction, or active hepatic disease were also 
excluded from the study. All patients or their guard-
ians provided written informed consent.

Study Design

Participants were assigned to one of four treat-
ment groups (Fig. 1) by an investigator on the ba-
sis of the clinical site’s standard of care. Group 1 
received weekly prophylaxis with 50 IU of rFIXFc 
per kilogram of body weight to start, with the 
dose adjusted as needed; group 2 received interval-
adjusted prophylaxis with 100 IU of rFIXFc per 
kilogram at intervals of 10 days to start, with the 
interval adjusted as needed; group 3 received epi-
sodic (on-demand) treatment consisting of 20 to 
100 IU of rFIXFc per kilogram for bleeding epi-
sodes, with the dose adjusted according to bleed-
ing severity; and group 4 received treatment with 
rFIXFc as part of perioperative care. The dose (in 
group 1) and the interval (in group 2) were ad-
justed during the study to maintain a trough level 
of 1 to 3 IU per deciliter above baseline, or higher 
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if clinically necessary. The study was terminated 
when 53 participants had 50 or more rFIXFc ex-
posure days (i.e., administration of one or more 
rFIXFc injections in a 24-hour period) in conjunc-
tion with additional criteria (specified in the 
Supplementary Appendix, available at NEJM.org).

In a subgroup of participants in group 1, we 
performed sequential pharmacokinetic assess-
ments of an approved recombinant factor IX 
product (BeneFIX, Pfizer) and rFIXFc. At base-
line, a dose of 50 IU of recombinant factor IX 
per kilogram was injected and the pharmacoki-
netics were assessed for 96 hours, followed by a 
washout period of 120 hours and subsequent 

injection of 50 IU of rFIXFc per kilogram, with 
the pharmacokinetics assessed for 240 hours. 
Pharmacokinetic assessment in this subgroup 
was repeated at week 26, with results that were 
consistent with the baseline findings.

Outcome Measures

The primary efficacy end point was the per-patient 
annualized bleeding rate (the number of bleeding 
episodes per participant divided by the number of 
days in the efficacy period, multiplied by 365.25). 
Primary safety end points were the development of 
inhibitors (detected with the use of a Nijmegen-
modified Bethesda assay and confirmed on repeat 

123 Patients enrolled (all included in safety analysis)

Groups 1 and 2
Prior regimen: prophylactic or episodic

Group 3
Prior regimen: episodic

61 Were included in efficacy
analysis

1 Did not receive rFIXFc
1 Received only 1 dose

of rFIXFc

26 Were included in efficacy
analysis

2 Received an alternative
formulation of rFIXFc

1 Received only 1 dose
of rFIXFc

Group 3

Group 4

Group 4Group 1

22 Underwent
sequential rFIX vs. 
rFIXFc PK profiling

(50 IU/kg)

Group 2

4 Enrolled for surgery only
8 Enrolled from groups 1, 2, or 3

12 Were assigned to periopera-
tive management; dose
adjusted to type of surgery
(40–100 IU/kg)

3 Completed treatment
1 Did not complete treatment

owing to protocol violation
8 Returned to originally assigned

group after completing surgical
rehabilitation 

27 Were assigned to episodic
(on-demand) treatment
(20–100 IU/kg)

26 Completed treatment
1 Did not complete treatment

owing to adverse event

29 Were assigned to interval-based
prophylaxis (100 IU/kg) 
starting every 10 days, 
PK-driven interval

27 Completed treatment
2 Did not complete treat-

ment owing to withdrawal
of consent

63 Were assigned to weekly prophy-
laxis, 50 IU/kg starting dose,
PK-driven dosing

59 Completed treatment
4 Did not complete treatment
1 Withdrew consent
1 Had adverse event
1 Was lost to follow-up
1 Had protocol violation

27 Were included in efficacy
analysis

Figure 1. Numbers of Patients Who Were Enrolled, Assigned to a Study Group, and Included in the Efficacy Analysis.

After screening, patients who had been receiving a prophylactic regimen could enroll in group 1 or 2, whereas those who had been receiving 
episodic treatment could enroll in any treatment group. The regimen history was unknown for 1 participant in group 1. Participants meeting 
the criteria for study inclusion who required major surgery could enter group 4 either directly or from group 1, 2, or 3. Complete pharmaco-
kinetic (PK) profiles for recombinant factor IX (rFIX) and recombinant factor IX Fc fusion protein (rFIXFc) were available for 22 participants 
at baseline. Two participants were withdrawn from the study because of adverse events (an infection and a motorcycle accident); both par-
ticipants were hospitalized in countries where the study drug could not be imported; therefore, the study treatment was discontinued and 
the patients were withdrawn from the study. Owing to a change in the manufacturing process for rFIXFc, participants who had received 
only an earlier form of rFIXFc were excluded from the efficacy analysis.
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testing within 2 to 4 weeks if the titer reached 
0.6 Bethesda units or more per milliliter) and ad-
verse events. Secondary end points included phar-
macokinetic measures, the weekly dose of rFIXFc (in 
group 1), the dosing interval (in group 2), and the 
number of injections and dose per injection required 
to resolve a bleeding episode. Additional safety 
evaluations included assessment of non-neutraliz-
ing antibodies by means of an electrochemilumi-
nescence assay for rFIXFc-binding antibodies,22,23 
and measurements of laboratory markers (see the 
Supplementary Appendix). The rating of hemosta-
sis provided by the site investigator or surgeon dur-
ing the perioperative period was also evaluated.

Statistical Analysis

Efficacy analyses were performed with the use of 
data from participants who received one or more 
doses of rFIXFc during the efficacy period, not 
including the perioperative or surgical rehabilita-
tion period (i.e., the time from hospital discharge 
to 1 minute before the first prophylactic dose for 
groups 1 and 2 or, for group 3, the date of comple-
tion of the rehabilitation period). Safety analyses 
included data from participants who received one 
or more doses of rFIXFc or recombinant factor IX. 
Comparisons of prophylaxis with episodic treat-
ment (groups 1 and 2 vs. group 3) were based on 
annualized estimates of bleeding rates calculated 
with the use of a negative binomial regression 
model. Descriptive statistics included medians and 
interquartile ranges for groups 1, 2, and 3. Phar-
macokinetic measures of rFIXFc and recombinant 
factor IX were compared with the use of a repeated-
measures analysis-of-variance model with variables 
for study treatment and participant; 95% confi-
dence intervals were calculated for geometric 
means and for the intraparticipant ratio of rFIXFc 
to recombinant factor IX for each pharmacoki-
netic measure. For all tests, a two-sided alpha 
level of 5% was considered to indicate statistical 
significance. The incidence of inhibitor develop-
ment was assessed with the use of a group se-
quential design, with interim analyses conducted 
after at least 53 participants with 50 or more ex-
posure days to rFIXFc had undergone testing for 
the detection of inhibitors (see the Supplementary 
Appendix). The study was sufficiently powered to 
detect, with 95% confidence, a clinically mean-
ingful difference of 50% or more reduction in the 
annualized bleeding rate (group 1 vs. group 3) 
and to rule out an estimated incidence of inhibitor 
development of more than 10.65%.24

R esult s

Study Population

A total of 123 male patients were enrolled at 
50 investigational sites in 17 countries between 
January 22, 2010, and July 19, 2012. A total of 
115 participants (93.5%) completed the study 
(Fig. 1). Baseline characteristics (Table 1) showed 
a demographically diverse population, including 
many patients with HIV or hepatitis C virus in-
fection. The genotype profile was consistent with 
expectations in this population (with a missense 
mutation detected in 55% of participants). Enroll-
ment of the prophylaxis cohorts (groups 1 and 2) 
maintained a balanced distribution of prior regi-
mens and previous bleeding episodes. More than 
80% of participants who reported previous use of 
prophylaxis were receiving injections two or more 
times weekly. In groups 1, 2, and 3, the median 
durations of treatment were 51.6 weeks (range, 
<1 to 97), 58.3 weeks (range, <1 to 126), and 40.9 
weeks (range, 28 to 54), respectively, and the me-
dian numbers of exposure days were 55.0 (range, 
1 to 105), 38.0 (range, 1 to 71), and 16.0 (range, 
4 to 35), respectively. A total of 5243 rFIXFc injec-
tions were administered during the study, cor-
responding to 5144 exposure days (117.1 patient-
years of exposure). Overall, 96.6% of participants 
in the prophylaxis groups were adherent to their 
treatment regimen (i.e., took ≥80% of doses at 
the prescribed dose and ≥80% of doses at the 
prescribed interval) (95.1% in group 1 and 100% 
in group 2). Most participants self-administered 
rFIXFc at home.

Pharmacokinetic Measures

In the pharmacokinetics subgroup, 22 partici-
pants completed the baseline pharmacokinetic 
assessments for both recombinant factor IX and 
rFIXFc. The terminal half-life of rFIXFc was sig-
nificantly longer than that of recombinant factor 
IX (geometric mean, 82.1 vs. 33.8 hours; P<0.001) 
(Fig. 2, and Tables S1 and S2 in the Supplemen-
tary Appendix). The incremental recovery levels 
for rFIXFc and recombinant factor IX were simi-
lar (0.92 and 0.95 IU per deciliter per interna-
tional unit per kilogram, respectively). The time 
to reach a factor IX level of 1 IU per deciliter (1%) 
was 11.2 days with rFIXFc and 5.1 days with re-
combinant factor IX (Fig. 2, and Table S1 in the 
Supplementary Appendix). The pharmacokinetic 
findings at week 26 were consistent with those at 
baseline (data not shown).
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Efficacy

Prophylactic treatment significantly reduced the 
annualized rate of bleeding in group 1 (by 83%) 
and group 2 (by 87%) as compared with the rate 
in the group receiving episodic treatment, accord-
ing to estimates from a negative binominal re-

gression model (3.12, 2.40, and 18.67 for groups 
1, 2, and 3, respectively; P<0.001) (Table 2). The 
median weekly rFIXFc dose with weekly prophy-
laxis (group 1) was 45 IU per kilogram (starting 
dose, 50 IU per kilogram), and the median dos-
ing interval with interval-adjusted prophylaxis 

Table 1. Baseline Characteristics of the Study Participants.*

Characteristic

Group 1:  
Weekly 

Prophylaxis
(N = 63)

Group 2:  
Interval-Adjusted 

Prophylaxis
(N = 29)

Group 3:  
Episodic  

Treatment
(N = 27)

Total 
(N = 119)†

Age — yr

Median 28 33 36 30

Range 12–71 12–62 14–64 12–71

Weight — kg

Median 70.2 76.0 65.0 72.0

Range 45.2–186.7 50.0–128.0 45.0–91.7 45.0–186.7

Race or ethnic group — no. (%)

White 41 (65.1) 18 (62.1) 11 (40.7) 70 (58.8)

Black 7 (11.1) 2 (6.9) 1 (3.7) 10 (8.4)

Asian 7 (11.1) 7 (24.1) 14 (51.9) 28 (23.5)

Other‡ 8 (12.7) 2 (6.9) 1 (3.7) 11 (9.2)

Geographic location — no. (%)

Europe 21 (33.3) 12 (41.4) 2 (7.4) 35 (29.4)

North America 18 (28.6) 7 (24.1) 11 (40.7) 36 (30.3)

Other§ 24 (38.1) 10 (34.5) 14 (51.9) 48 (40.3)

Factor IX level — no. (%)

<1 IU/dl 50 (79.4) 22 (75.9) 26 (96.3) 98 (82.4)

1–2 IU/dl 13 (20.6) 7 (24.1) 1 (3.7) 21 (17.6)

Prestudy factor IX therapy — no. (%)¶

Prophylaxis 33 (53.2) 15 (51.7) 0 48 (40.7)

Episodic treatment 29 (46.8) 14 (48.3) 27 (100.0) 70 (59.3)

Estimated no. of bleeding episodes in prior  
12 mo

Overall

Median 10.5 10.0 18.0 12.0

Range 0–70 0–100 5–50 0–100

With prior prophylaxis

Median 2.5 2.0 NA 2.0

Range 0–21 0–7 NA 0–21

With prior episodic treatment 23.0 (6–70) 25.0 (10–100) 18.0 (5–50) 22.0 (5–100)

≥1 Target joint — no. (%) 36 (57.1) 8 (27.6) 14 (51.9) 58 (48.7)

HIV-positive — no. (%) 5 (7.9) 1 (3.4) 2 (7.4) 8 (6.7)

HCV-positive — no. (%) 38 (60.3) 15 (51.7) 14 (51.9) 67 (56.3)

*	HCV denotes hepatitis C virus, HIV human immunodeficiency virus, and NA not applicable.
†	The four participants who were enrolled only in the perioperative surgery group are not included.
‡	Other races and ethnic groups include Native American or Alaska Native, Hispanic, and mixed races (e.g., white and Asian 

or white and black).
§	Other locations included Australia, Brazil, China, India, Japan, and South Africa.
¶	The prestudy regimen was unknown for one participant in group 1; percentages were calculated on the basis of participants 

for whom data were complete.
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(group 2) was 12.5 days (starting interval, 10 days) 
(Table 2, and Fig. S1 in the Supplementary Appen-
dix). Among the participants in group 2 who were 
in the study for 6 or more months, 14 participants 
(53.8%) had a dosing interval that was 14 or more 
days during the last 3 months of the study.

The reduction in the annualized bleeding rate 
with prophylaxis as compared with episodic 
treatment was consistent across all demographic 
and disease-based subgroups in prespecified sub-
group analyses (Fig. 3 and Table 2). Participants 
who received prophylaxis and had previously 
received episodic treatment had lower median 
annualized bleeding rates during the study than 
during the 12-month period before study entry 
(group 1, 2.5 vs. 23.0; group 2, 1.9 vs. 25.0); this 
reduction in bleeding rates was not observed in 
participants who continued to receive episodic 
treatment (group 3, 17.7 vs. 18.0). Participants in 
groups 1, 2, and 3 with the highest bleeding fre-
quency before study entry (≥36 bleeding episodes) 
had median annualized bleeding rates of 2.05, 
2.76, and 29.43, respectively, while enrolled in the 
study. Among the participants receiving prophy-
laxis, 23.0% in group 1 and 42.3% in group 2 
had no bleeding episodes during the study.

A total of 636 bleeding episodes, primarily 
spontaneous joint bleeding, occurred during the 
efficacy period. One injection was sufficient to 
resolve 90.4% of bleeding episodes; 97.3% were 
resolved with one or two injections. The median 
dose per injection required to resolve bleeding 
episodes was 46 IU per kilogram (Table S3 in 
the Supplementary Appendix). For bleeding epi-
sodes that required more than one injection for 
resolution, the median interval between the first 
and second injection was 45 hours. In 14 major 
surgeries performed in 12 participants, including 
5 knee replacements, the hemostatic response 
during the perioperative period was rated by in-
vestigators or surgeons as excellent (for 13 surger-
ies) or good (for 1).

Safety

Inhibitors were not detected in any participants 
with test results that could be evaluated, including 
55 participants with 50 or more exposure days, for 
whom the inhibitor incidence was 0% (95% con-
fidence interval [CI], 0 to 6.5); the inhibitor inci-
dence overall was also 0% (95% CI, 0 to 3.0). In the 
safety-analysis population, non-neutralizing anti-
bodies were detected at a low titer or at a borderline-
positive titer (defined as a maximum level two 

times as high as the lowest measurable titer) in 
three participants before exposure to rFIXFc; all 
three had negative test results during the study. 
One participant who had a borderline-negative 
test result (two of three screening-assay results 
just below the limit of detection) before exposure 
to rFIXFc had a borderline-positive result at the 
end of study. These transient and low antibody 
titers did not affect the pharmacokinetics of 
rFIXFc and had no discernible clinical effect.

Among the 119 participants in groups 1, 2, 
and 3, a total of 88 (73.9%) had at least one ad-
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Figure 2. Duration of Factor IX Activity with Recombinant 
Factor IX and rFIXFc at a Dose of 50 IU per Kilogram  
of Body Weight.

The data presented represent factor IX activity (mean 
±SD) for each treatment group. The dashed lines indi-
cate factor IX trough levels of 1 IU per deciliter (1%) 
and 3 IU per deciliter (3%). Pharmacokinetic measures 
were assessed for 22 participants at baseline. The ter-
minal half-life of rFIXFc (geometric mean, 82.1 hours) 
was significantly longer than that of rFIX (geometric mean, 
33.8 hours, based on a 96-hour sampling schedule) 
(P<0.001). The half-life of rFIX, calculated on the basis 
of the traditional 48-hour pharmacokinetic sampling 
schedule, was 17.04 hours (95% confidence interval [CI], 
15.89 to 18.26), which is similar to previously reported 
48-hour data.25 Clearance was significantly lower for 
rFIXFc (3.2 ml per hour per kilogram of body weight; 
95% CI, 2.8 to 3.6 ) than for rFIX (6.3 ml per hour per kilo-
gram; 95% CI, 5.6 to 7.1). The dose-normalized area un-
der the curve was 31.3 IU × hour per deciliter per inter-
national unit per kilogram (95% CI, 27.9 to 35.2) and 
15.8 IU × hour per deciliter per IU per kilogram (95% CI, 
14.0 to 17.7) for rFIXFc and rFIX, respectively. Times to 
1 and 3 IU per deciliter above baseline were 11.2 days 
(95% CI, 10.2 to 12.4) and 5.8 days (95% CI, 5.1 to 6.6), 
respectively, for rFIXFc versus 5.1 days (95% CI, 4.6 to 
5.7) and 2.8 days (95% CI, 2.6 to 3.1), respectively, for 
rFIX (P<0.001).
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verse event during the rFIXFc treatment period 
(excluding adverse events that occurred during the 
perioperative period) (Table S4 in the Supple-
mentary Appendix). The most common adverse 
events (with an incidence ≥5% in a pooled analy-
sis of groups 1, 2, and 3) were nasopharyngitis, 
influenza, arthralgia, upper respiratory tract infec-
tion, headache, and hypertension. The majority of 
these events were judged by the investigators to 
be unrelated or unlikely to be related to treatment 
with rFIXFc. Thirteen of the 119 participants 
(10.9%) had at least one serious adverse event. One 
participant had a single serious adverse event that 
was considered to be possibly related to treatment 
with rFIXFc. In this participant, who had a history 
of painful hematuria, an obstructive clot developed 
in the urinary collecting system. The clot resolved 
with medical management, and the participant 
continued with the study treatment and com-
pleted the study. There were no reports of vascu-
lar thrombotic events, serious hypersensitivity, 
or anaphylaxis, and there were no deaths during 
the study. No unique safety concerns were iden-
tified in participants undergoing major surgery.

Discussion

This phase 3 study confirmed data from a phase 
1–2a study showing the prolonged half-life of 
rFIXFc, as compared with recombinant factor 
IX,17 and showed that rFIXFc had an acceptable 
safety profile and was effective in the prevention 
and treatment of bleeding in previously treated 
adolescents and adults with severe hemophilia B. 
All participants who received prophylactic rFIXFc, 
including those with a high frequency of bleeding 
before study entry, had marked reductions in the 
annualized bleeding rate, as compared with pa-
tients who received episodic treatment. Before 
study entry, 80% or more of participants treated 
prophylactically required injections at least two 
times per week, whereas during the study, pro-
phylaxis was effective with injections adminis-
tered every 1 to 2 weeks. These dosing intervals 
are longer than those observed in previous trials 
of recombinant factor IX.25-27

The neonatal Fc-receptor–mediated extension 
of half-life was apparent in the intraparticipant 
comparison of the pharmacokinetics of rFIXFc 
and recombinant factor IX. The terminal half-life 
of rFIXFc was 82.1 hours. The terminal half-life 
for recombinant factor IX (33.8 hours), which we 
calculated by means of pharmacokinetic sampling 

over the course of 96 hours, was substantially 
longer than that reported in some previous studies 
on the basis of 48-hour sampling (terminal half-
life, approximately 18 hours),14,16,25,26,28 whereas 
it was more in line with the terminal half-life in 
studies that performed 72-hour sampling (termi-
nal half-life, 21.3 to 33.4 hours).13,27,29-31 When we 
analyzed the pharmacokinetics of recombinant 
factor IX on the basis of sampling for only 48 hours 
(Table S2 in the Supplementary Appendix), the 
terminal half-life was 17.0 hours, which is consis-
tent with the results of the studies using 48-hour 
sampling, thus confirming the method used in our 
analysis of recombinant factor IX. All clearance-
dependent pharmacokinetic measures in this study 
were prolonged with rFIXFc as compared with 
recombinant factor IX and remained stable over 
the course of long-term treatment, suggesting 
that the pharmacokinetics of rFIXFc may be used 
to individualize dosing regimens.

Adverse events observed in this study were 
consistent with those expected in the popula-
tion of persons with hemophilia,27 and the rate of 
study completion was high (93.5%). Inhibitors of 
rFIXFc were not detected in any participant, in-
cluding 55 participants who were followed for 
50 or more exposure days. Inhibitors generally 
develop within the first 50 exposure days of 
factor IX replacement therapy32; they can pose 
a challenge to the establishment of hemostasis 
and can be associated with anaphylaxis.33,34 
Since participants with a history of inhibitors to 
factor IX were excluded from the study, which 
was limited to previously treated patients (a pa-
tient population at low risk for the development 
of inhibitors),35,36 further clinical study is need-
ed to assess the likelihood of the development of 
inhibitors of rFIXFc in previously untreated pa-
tients and to determine whether patients with a 
history of the development of inhibitors to factor 
IX will benefit from rFIXFc.

Although the incidence of non-neutralizing 
antibodies in patients with hemophilia B is un-
known, such antibodies have been reported in 
up to 30% of patients with hemophilia A.37,38 In 
this study, non-neutralizing antibodies were ob-
served at low titers in 3% of participants before 
treatment with rFIXFc began, but their presence 
was transient and had no discernible effect on the 
pharmacokinetics of rFIXFc or on bleeding rates. 
The clinical significance of non-neutralizing anti-
bodies is not well understood and requires further 
longitudinal study.
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Clinical trial design for patients with hemo-
philia B presents a challenge to investigators 
owing to the small population of patients and 
ethical considerations that preclude the conduct 
of placebo-controlled studies in which partici-
pants are unaware of the group assignment.39,40 
Although our study included a controlled intra-
participant comparison of the pharmacokinetics 
of rFIXFc and recombinant factor IX, it did not 
include an active-comparator control group for 
the evaluation of trial end points. The study was 
designed to allow a participant’s treatment regi-
men to be consistent with current clinical practice. 
It would have been unethical to allow a participant 
who had been receiving a prophylactic regimen to 
undergo randomization to an episodic regimen, 
given that prophylaxis is the standard of care in 
many regions of the world. Thus, treatment assign-
ments were performed in a nonrandomized man-
ner, with every effort made to balance the pro-
phylactic treatment groups with respect to prior 
regimens and the history of bleeding.

Since determination of the efficacy of prophy-

laxis was based on nonrandomized comparisons 
with episodic treatment, there is potential for 
bias. However, multiple subgroup analyses sup-
ported the primary efficacy results, including an 
analysis limiting the comparison to participants 
who had received episodic treatment before study 
entry, which revealed a reduction in the annual-
ized bleeding rate during prophylactic therapy 
that was similar to that observed in the primary 
analysis. There is evidence that participants with 
prior episodic treatment and a high frequency of 
bleeding episodes may have preferentially elected 
to enter the prophylaxis groups (i.e., bleeding 
rates in the 12 months preceding study entry were 
higher among participants in groups 1 and 2 who 
had been receiving episodic treatment than among 
participants in group 3). Allowing participants to 
elect to enter a prophylactic group may introduce 
self-selection bias. The potential for confounding 
remains; however, it is unlikely that the magni-
tude of the reduction in bleeding rates with pro-
phylaxis as compared with episodic treatment is 
the result of confounding alone.

Table 2. Efficacy End Points for Weekly Prophylaxis, Interval-Adjusted Prophylaxis, and Episodic Treatment.

End Point

 Group 1: Weekly 
Prophylaxis

(N = 61)

Group 2: Interval-
Adjusted Prophylaxis

(N = 26)

 Group 3: Episodic 
Treatment

(N = 27)

Annualized bleeding rate (95% CI)* 3.12 (2.46–3.95) 2.40 (1.67–3.47) 18.67 (14.01–24.89)

Reduction in annualized bleeding rate 
vs. group 3 — %*

83 (<0.001) 87 (<0.001)

Annualized bleeding rate

Overall 3.0 (1.0–4.4) 1.4 (0.0–3.4) 17.7 (10.8–23.2)

Spontaneous 1.0 (0.0–2.2) 0.9 (0.0–2.3) 11.8 (2.6–19.8)

Traumatic 1.0 (0.0–2.1) 0.0 (0.0–0.8) 2.2 (0.0–6.8)

Joint 1.1 (0.0–4.0) 0.4 (0.0–3.2) 13.6 (6.1–21.6)

Spontaneous 1.0 (0.0–2.1) 0.0 (0.0–1.7) 5.1 (2.6–17.3)

Traumatic 0.0 (0.0–1.1) 0 1.3 (0.0–3.6)

Muscle 0.0 (0.0–1.0) 0 4.0 (1.0–6.8)

Spontaneous 0 0 1.0 (0.0–3.6)

Traumatic 0 0 1.1 (0.0–2.7)

Baseline trough level of factor IX†

<1 IU/dl

Median 2.6 1.1 18.5

Interquartile range 1.0–4.1 0.0–2.9 13.2–23.2

1–2 IU/dl

Median 4.5 3.4 7.7

Interquartile range 0.0–6.4 0.0–5.7 7.7–7.7
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This study was not designed to compare the 
two prophylactic regimens. Both the weekly dos-
ing and interval-adjusted dosing regimens re-
sulted in significantly reduced annualized rates 
of bleeding, as compared with episodic treat-
ment. Whether one approach to dosing is supe-
rior to the other cannot be determined on the 
basis of this study. In clinical practice, the two 
approaches may offer patients the choice between 
more frequent dosing (e.g., weekly dosing), which 
would maintain higher trough levels of factor IX, 
providing greater protection, and less frequent 

dosing, which would result in lower trough 
levels but would reduce the required frequency 
of injections.

In conclusion, this study showed that rFIXFc 
is safe and effective for the treatment and pre-
vention of bleeding events, including those in-
curred during major surgeries, in previously 
treated adolescents and adults with hemophilia B. 
Fc fusion did not impair factor IX activity or 
result in increased immunogenicity. The pro-
longed half-life of rFIXFc allowed for effective 
prophylaxis, with injections every 1 to 2 weeks.  

Table 2. (Continued.)

End Point

 Group 1: Weekly 
Prophylaxis

(N = 61)

Group 2: Interval-
Adjusted Prophylaxis

(N = 26)

 Group 3: Episodic 
Treatment

(N = 27)

Dose for weekly prophylaxis — IU/kg‡

Overall

Median 45.2

Range 25.0–74.3

Last 6 mo in study

Median 40.7

Range 21.3–82.7

Last 3 mo in study

Median 40.5

Range 16.7–87.6

Interval for interval-adjusted prophylaxis 
— no. of days‡

Overall

Median 12.5

Range 7.8–15.9

Last 6 mo in study

Median 13.8

Range 7.8–19.1

Last 3 mo in study

Median 14.0

Range 7.7–20.8

*	Annualized bleeding rates (the number of bleeding episodes per participant divided by the number of days in the efficacy 
period, multiplied by 365.25) were calculated with the use of the negative binomial regression model to control for par-
ticipants’ time in the study. CI denotes confidence interval. P<0.001 for the rate reductions in groups 1 and 2 as com-
pared with group 3.

†	The baseline trough level was the minimum factor IX level measured in screening and baseline laboratory tests. In 
groups 1, 2, and 3, the numbers of participants with trough levels of less than 1 IU per deciliter were 48, 21, and 26,  
respectively, and the numbers with levels between 1 and 2 IU per deciliter were 13, 5, and 1, respectively.

‡	Changes in pharmacokinetically driven dosing for groups 1 and 2 were allowed to achieve trough levels that were 1 to  
3 IU per deciliter above baseline. If participants had two breakthrough spontaneous bleeding episodes in a rolling 
3-month period, the dose (in group 1) or the interval (in group 2) could be adjusted to provide more protection. The 
numbers of participants who remained in the study for 9 or more months were 58 in group 1 and 26 in group 2; the 
numbers were the same for participants who remained in the study for 6 or more months.
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The potential for higher trough levels of rFIXFc  
or longer intervals between doses may lead to 
greater use of prophylaxis among patients with 
hemophilia B.
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The authors’ affiliations are as follows: the University of California at Davis, Davis (J.S.P.); Royal London Haemophilia Centre, Barts 
and London School of Medicine and Dentistry, London (K.J.P.); University of Pittsburgh and Hemophilia Center of Western Penn-
sylvania, Pittsburgh (M.V.R.); INCT do Sangue Hemocentro UNICAMP, University of Campinas, Campinas, Brazil (M.C.O.); Rush 
University Medical Center, Chicago (L.A.V.); Haemophilia Comprehensive Care Centre, University of the Witwatersrand, National 
Health Laboratory Service, Charlotte Maxeke Johannesburg Academic Hospital, Johannesburg (J.N.M.), and Comprehensive Hae-
mophilia Centre, Groote Schuur Hospital, University of Cape Town Medical School, Cape Town (N.N.) — both in South Africa; 
Puget Sound Blood Center, Seattle (N.C.J.); Addenbrooke’s Hospital, Cambridge, United Kingdom (D.P.); Children’s Hospital, 
University of Colorado School of Medicine and Mountain States Regional Hemophilia and Thrombosis Center, University of Colorado 
School of Medicine, Aurora (M.J.M.-J.); Sahyadri Hospital, Department of Hematology, Mahara, India (S.A.); Centre for Thrombosis and 
Haemophilia, Murdoch University, Royal Perth Hospital, Perth, WA, Australia (R.I.B.); Department of Pediatrics and Adolescent 
Medicine, University of Hong Kong (G.C.C.), and Department of Medicine and Therapeutics, Prince of Wales Hospital, Chinese Uni-
versity of Hong Kong (R.S.W.) — both in Hong Kong; Biogen Idec Hemophilia, Cambridge, MA (S.K., G.A., H.J., A.I., S.L., L.M.C., J.G., 
J.M.S., J.A.D., K.N., A.B., A.L., G.F.P.), and drug-development consultant in private practice, Newton, MA (G.V.). 

appendix

The New England Journal of Medicine 
Downloaded from nejm.org on December 4, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



recombinant Factor IX Fc Fusion Protein in Hemophilia B

n engl j med  nejm.org 11

References

1.	 Giangrande P. Haemophilia B: Christ-
mas disease. Expert Opin Pharmacother 
2005;6:1517-24.
2.	 Mannucci PM, Tuddenham EG. The 
hemophilias — from royal genes to gene 
therapy. N Engl J Med 2001;344:1773-9. 
[Erratum, N Engl J Med 2001;345:384.]
3.	 Nilsson IM, Berntorp E, Löfqvist T, 
Pettersson H. Twenty-five years’ experi-
ence of prophylactic treatment in severe 
haemophilia A and B. J Intern Med 1992; 
232:25-32.
4.	 Manco-Johnson MJ, Abshire TC, Sha-
piro AD, et al. Prophylaxis versus episodic 
treatment to prevent joint disease in boys 
with severe hemophilia. N Engl J Med 2007; 
357:535-44.
5.	 Aledort LM, Haschmeyer RH, Petters-
son H. A longitudinal study of orthopaedic 
outcomes for severe factor-VIII-deficient 
haemophiliacs. J Intern Med 1994;236: 
391-9.
6.	 Panicker J, Warrier I, Thomas R, 
Lusher JM. The overall effectiveness of 
prophylaxis in severe haemophilia. Hae-
mophilia 2003;9:272-8.
7.	 Nilsson IM, Hedner U, Ahlberg A. 
Haemophilia prophylaxis in Sweden. Acta 
Paediatr Scand 1976;65:129-35.
8.	 White GC II, Beebe A, Nielsen B. Re-
combinant factor IX. Thromb Haemost 
1997;78:261-5.
9.	 National Hemophilia Foundation. 
MASAC recommendation concerning pro-
phylaxis (regular administration of clotting 
factor concentrate to prevent bleeding). 
Medical and Scientific Advisory Council 
document #179 (http://www.hemophilia 
.org/NHFWeb/Resource/StaticPages/menu0/ 
menu5/menu57/masac179.pdf).
10.	 Hacker MR, Geraghty S, Manco-John-
son M. Barriers to compliance with pro-
phylaxis therapy in haemophilia. Hemo-
philia 2001;7:392-6.
11.	 Mannucci PM, Mancuso ME. Investi-
gational drugs for coagulation disorders. 
Expert Opin Investig Drugs 2013;22:945-
53.
12.	 Pipe SW. Hemophilia: new protein ther-
apeutics. Hematology Am Soc Hematol 
Educ Program 2010;2010:203-9.
13.	 Martinowitz U, Shapiro A, Quon DV, 
et al. Pharmacokinetic properties of IB1001, 
an investigational recombinant factor IX, in 
patients with haemophilia B: repeat phar-
macokinetic evaluation and sialylation 
analysis. Haemophilia 2012;18:881-7.
14.	 Negrier C, Knobe K, Tiede A, Gian
grande P, Møss J. Enhanced pharmaco
kinetic properties of a glycoPEGylated re-
combinant factor IX: a first human dose 
trial in patients with hemophilia B. Blood 
2011;118:2695-701.
15.	 Peters RT, Low SC, Kamphaus GD, et al. 
Prolonged activity of factor IX as a mono-

meric Fc fusion protein. Blood 2010;115: 
2057-64.
16.	 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: 
2405-11.
17.	 Shapiro AD, Ragni MV, Valentino LA, 
et al. Recombinant factor IX-Fc fusion pro-
tein (rFIXFc) demonstrates safety and pro-
longed activity in a phase 1/2a study in he-
mophilia B patients. Blood2012;119:666-72.
18.	 Manno CS, Pierce GF, Arruda VR, et 
al. Successful transduction of liver in he-
mophilia by AAV-Factor IX and limita-
tions imposed by the host immune re-
sponse. Nat Med 2006;12:342-7.
19.	 Nathwani AC, Tuddenham EG, Rangar
ajan S, et al. Adenovirus-associated virus 
vector–mediated gene transfer in hemo-
philia B. N Engl J Med 2011;365:2357-65.
20.	 Roopenian DC, Akilesh S. FcRn: the 
neonatal Fc receptor comes of age. Nat 
Rev Immunol 2007;7:715-25.
21.	 Rath T, Baker K, Dumont JA, et al. 
Fc-fusion proteins and FcRn: structural 
insights for longer lasting and more ef-
fective therapeutics. Crit Rev Biotechnol 
2013 October 24 (Epub ahead of print).
22.	 Committee for Medicinal Products for 
Human Use (CHMP). Guideline on immu-
nogenicity assessment of biotechnology-
derived therapeutic proteins. London: Euro-
pean Medicines Agency, 2007 (http://www 
.ema.europa.eu/docs/en_GB/document 
_library/Scientific_guideline/2009/09/
WC500003946.pdf).
23.	 Guidance for industry: draft guidance 
— assay development for immunogenicity 
testing of therapeutic proteins. Silver 
Spring, MD: Food and Drug Administra-
tion, 2009 (http://www.fda.gov/downloads/ 
Drugs/.../Guidances/UCM192750.pdf).
24.	 Clopper C, Pearson ES. The use of con-
fidence or fiducial limits illustrated in the 
case of the binomial. Biometrika 1934;26: 
404-13.
25.	 BeneFIX (coagulation factor IX [Re-
combinant]). Pfizer, 2011 (package insert) 
(http://labeling.pfizer.com/showlabeling 
.aspx?id=492).
26.	 Kisker CT, Eisberg A, Schwartz B. 
Prophylaxis in factor IX deficiency prod-
uct and patient variation. Haemophilia 
2003;9:279-84.
27.	 Lambert T, Recht M, Valentino LA, et 
al. Reformulated BeneFix: efficacy and 
safety in previously treated patients with 
moderately severe to severe haemophilia B. 
Haemophilia 2007;13:233-43. [Erratum, 
Haemophilia 2007;13:450.]
28.	 Ewenstein BM, Joist JH, Shapiro AD, 
et al. Pharmacokinetic analysis of plasma-
derived and recombinant F IX concen-

trates in previously treated patients with 
moderate or severe hemophilia B. Trans-
fusion 2002;42:190-7.
29.	 Ragni MV, Pasi KJ, White GC, Gian
grande PL, Courter SG, Tubridy KL. Use 
of recombinant factor IX in subjects with 
haemophilia B undergoing surgery. Hae-
mophilia 2002;8:91-7.
30.	 Chang HH, Yang YL, Hung MH, Tsay W, 
Shen MC. Pharmacokinetic study of re-
combinant human factor IX in previously 
treated patients with hemophilia B in Tai-
wan. J Formos Med Assoc 2007;106:281-7.
31.	 Lissitchkov T, Matysiak M, Zavilska K, 
et al. Head-to-head comparison of the 
pharmacokinetic profiles of a high-purity 
factor IX concentrate (AlphaNine) and a 
recombinant factor IX (BeneFIX) in pa-
tients with severe haemophilia B. Haemo-
philia 2013;19:674-8.
32.	 Dimichele D. Inhibitors: resolving di-
agnostic and therapeutic dilemmas. Hae-
mophilia 2002;8:280-7.
33.	 Chitlur M, Warrier I, Rajpurkar M, 
Lusher JM. Inhibitors in factor IX defi-
ciency a report of the ISTH-SSC interna-
tional FIX inhibitor registry (1997-2006). 
Haemophilia 2009;15:1027-31.
34.	 Recht M, Pollmann H, Tagliaferri A, 
Musso R, Janco R, Neuman WR. A retro-
spective study to describe the incidence of 
moderate to severe allergic reactions to 
factor IX in subjects with haemophilia B. 
Haemophilia 2011;17:494-9.
35.	 Tandra A, Shapiro AD. Treatment of 
inhibitors in hemophilia B. In: Lee CA, 
Berntorp E, Hoots WK, eds. Textbook of 
hemophilia. 2nd ed. Hoboken, NJ: Wiley-
Blackwell, 2010:97-103.
36.	 DiMichele D. Inhibitor development 
in haemophilia B: an orphan disease in 
need of attention. Br J Haematol 2007;138: 
305-15.
37.	 Klintman J, Hillarp A, Donfield S, 
Berntorp E, Astermark J. Antibody forma-
tion and specificity in Bethesda-negative 
brother pairs with haemophilia A. Hae-
mophilia 2013;19:106-12.
38.	 Whelan SF, Hofbauer CJ, Horling FM, 
et al. Distinct characteristics of antibody 
responses against factor VIII in healthy 
individuals and in different cohorts of he-
mophilia A patients. Blood 2013;121:1039-
48.
39.	 Guideline on clinical investigation of 
recombinant and human plasma-derived 
factor IX products. London: European 
Medicines Agency, 2012 (http://www.ema 
.europa.eu/docs/en_GB/document_library/ 
Scientific_guideline/2011/08/WC500109691 
.pdf).
40.	 Dimichele DM, Blanchette V, Bern-
torp E. Clinical trial design in haemophilia. 
Haemophilia 2012;18: Suppl 4:18-23.
Copyright © 2013 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on December 4, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 


