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Background
Rixubis (recombinant factor IX, nonacog gamma) is indicated for the control and pre-
vention of bleeding episodes, perioperative management, and routine prophylaxis in he-
mophilia B patients. This real-world, postmarketing surveillance study aimed to evaluate 
the safety and effectiveness of Rixubis in adult and pediatric hemophilia B patients in South 
Korea.

Methods
This prospective, observational, multicenter study (clinicaltrials.gov identifier: NCT029 
22231) was conducted in hemophilia B patients between April 2015 and April 2019, who 
were observed for up to 6 months after the initiation of Rixubis treatment. Safety was 
evaluated based on the number and severity of adverse events (AEs) and serious AEs 
(SAEs). Hemostatic effectiveness was assessed by physicians and patients by using a 
four-point scale and rated as excellent, good, fair, or no response based on treatment type. 

Results
In all, 58 patients were enrolled from four centers by seven physicians during the study 
period. The safety and effectiveness analysis sets included 57 and 54 patients, 
respectively. Overall, 11 AEs were reported in eight patients (14.0%), of which three were 
SAEs and occurred in three patients (5.3%). All 11 AEs were reported as unexpected and 
mild in severity, with no anaphylactic reaction, and 10 AEs (90.9%) resolved. The majority 
of AEs (10) were unrelated to Rixubis. Of the 142 hemostatic effectiveness assessments, 
123 (86.6%) were reported as good or excellent. 

Conclusion
Rixubis demonstrated an acceptable safety and effectiveness profile in the treatment of 
bleeding, perioperative management, and prophylaxis in hemophilia B patients in a re-
al-world setting in South Korea.
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INTRODUCTION

Hemophilia B is a rare hereditary bleeding disorder caused 
by the deficiency or dysfunction of coagulation factor IX 
(FIX), resulting in prolonged and uncontrolled bleeding [1, 2]. 
According to the 2018 annual global survey report of the 

World Federation of Hemophilia (WFH), 34,289 patients 
from 124 countries worldwide were reported to have hemo-
philia B, and of these, 427 patients were from South Korea 
[3]. The prevalence of hemophilia B in South Korea increased 
by 17% in 6 years, from 365 patients in 2012 [4] to 427 
patients in 2018 [3].

The prevention and treatment of bleeding episodes in 
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Fig. 1. Overview of the study population. 
Abbreviation: CRF, case report form.

patients with hemophilia B are based on the replacement 
of deficient FIX with plasma-derived (pd) FIX products or 
recombinant FIX (rFIX) products either prophylactically or 
on an on-demand basis [5]. The Medical and Scientific 
Advisory Council of the National Hemophilia Foundation 
(NHF), WFH, and World Health Organization recommend 
prophylaxis as optimal therapy for patients with severe he-
mophilia B [6, 7]. 

Although treatment with pdFIX products has been in use 
for years, the risk of transmission of blood-borne pathogens 
such as non-enveloped viruses is a major concern [8, 9]. 
In contrast, the use of rFIX products eliminates such a risk 
of transmission. Furthermore, these products have a better 
viral safety profile than do pdFIX products because no human 
or animal plasma-derived proteins are used during their man-
ufacturing process. Over the past few years, several advanced 
treatment options, including FIX products with extended 
half-lives, have been approved for the treatment of hemo-
philia B [10]. However, access to these products remains 
limited in under-developed countries [11]. Therefore, there 
is a greater need to increase the worldwide availability of 
these products to support higher demand and expand treat-
ment options for hemophilia B. 

Rixubis (rFIX, nonacog gamma, Baxalta US Inc., Thousand 
Oaks, CA, USA), a coagulation rFIX product was approved 
for the prevention and treatment of bleeding episodes and 
routine prophylaxis in patients with hemophilia B in the 
United States (2013), Europe (2014), and South Korea (2015). 
It is currently available in 17 countries worldwide and in 
the European Union. Previously published studies have re-
ported the safety and efficacy of Rixubis globally in adults 
and children [12-15]. Because Rixubis has been recently 
launched in the global market, there is a paucity of published 
clinical studies evaluating its safety and effectiveness in a 
real-world scenario as an approved product. Therefore, this 
postmarketing surveillance (PMS) study aimed to evaluate 
the real-world safety and effectiveness of Rixubis in adult 
and pediatric patients with hemophilia B in South Korea.

MATERIALS AND METHODS

Study design and patient population
This multicenter, prospective, observational, PMS study 

was conducted between April 2015 and April 2019 in adult 
and pediatric patients with congenital hemophilia B. Patients 
who consented, in whom the treatment of hemophilia B 
with Rixubis (according to the Korean product leaflet) was 
indicated, and who were previously prescribed and newly 
prescribed Rixubis were considered eligible to participate 
in the study. The exclusion criteria were as follows: 1) known 
hypersensitivity or presence of any contraindication to 
Rixubis or its excipients, including hamster protein, 2) dis-
seminated intravascular coagulation, and 3) signs of fibrinolysis. 
Following enrollment, information on patients’ demographic 
and clinical characteristics was collected. The scheduled dose 
and administration duration of Rixubis were determined 

based on the degree of FIX deficiency (severity), site and 
extent of bleeding, patient’s age and clinical conditions, and 
pharmacokinetic parameters of FIX. The safety and effective-
ness data were recorded for each patient by using case report 
forms filled by the investigators at the study sites. The study 
was conducted according to Korean regulations and guidelines. 
The study protocol was reviewed and approved by the institu-
tional review board of each study site.

Safety assessment
Safety was evaluated in terms of the number and incidence 

of adverse events (AEs) and serious AEs (SAEs), whether 
related or unrelated to the drug, their severity (mild, moder-
ate, or severe), and outcome. All AEs were categorized by 
preferred terms according to Medical Dictionary for 
Regulatory Activities (MedDRA) version 21.1 and catego-
rized as expected or unexpected AE according to the label 
information in South Korea.

Effectiveness assessment
Effectiveness was evaluated in terms of control and pre-

vention of bleeding episodes in patients with hemophilia 
B. The hemostatic effectiveness was assessed by physicians 
and patients for every treatment type (treatment of bleeding, 
prophylaxis, and surgery and/or perioperative coverage) and 
classified as “unknown,” “excellent,” “good,” “fair,” and 
“none.” The overall effectiveness rate was calculated by com-
bining the “good” and “excellent” assessment ratings and 
expressed as an effective number of assessments or in 
percentage. 

Statistical analysis
All study variables were analyzed using descriptive statistics. 

Continuous variables are presented as mean and standard 
deviation (SD) values, and categorical variables are summar-
ized as frequencies and percentages. Data analysis was per-
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Table 1. Baseline demographic and clinical characteristics of the 
study participants.

Characteristics N=57

Sex, N (%) 
     Male 57 (100.0)
Age, mean±SD 34.6±19.0
Age group (yr), N (%)
     ＜6   3 (5.3)
     ≥6 to ＜12   6 (10.5)
     ≥12 to ＜19   4 (7.0)
     ≥19 44 (77.2)
BMI (kg/m2), mean±SDa) 24.0±3.7
Hepatic impairment, N (%)
     Yes   6 (10.5)
     No 51 (89.5)
History of allergic reactions, N (%) 
     Yes   1 (1.8)
     No 55 (96.5)
     Unknown   1 (1.8)
Family history of inhibitor development, N (%)
     Yes   3 (5.3)
     No 51 (89.5)
     Unknown   3 (5.3)
Bleeding episodes by severity (number) within the last 12 mo 

(mean±SD)
     Minor (N=41) 22.4±24.8
     Moderate (N=14)   2.5±3.1
     Major (N=4)   1.3±0.5
Use of FIX before Rixubis treatment, N (%)
     Yes 54 (94.7)
     No   3 (5.3)
Total number of days of FIX product use after hemophilia B 

diagnosis, N (%)b)

     1–4 days   4 (7.4)
     5–20 days   4 (7.4)
     21–50 days   4 (7.4)
     51–100 days 16 (29.6)
     101–150 days   1 (1.9)
     ＞150 days 24 (44.4)
Current medical status, N (%)
     Acquired immunodeficiency syndrome   3 (5.3)
     Chronic hepatitis C   3 (5.3)
     Chronic hepatitis B   2 (3.5)
     Hepatitis C   1 (1.8)
     Hypertension   4 (7.0)
     Arthralgia   1 (1.8)
     Hemophilic arthropathy   1 (1.8)
     Osteonecrosis   1 (1.8)
     Arthroscopy   1 (1.8)
     Diabetes mellitus   1 (1.8)
     Bronchitis chronic   1 (1.8)
     Rehabilitation therapy   1 (1.8)
Duration of hemophilia B (yr), mean±SDb) 18.1±10.2

a)N=48 (data are missing for nine patients). b)N=53 (data are 
missing for four patients).
Abbreviations: BMI, body mass index; FIX, factor IX; SD, standard 
deviation.

formed using the SAS software package, version 9.4 (SAS 
Institute, Cary, NC, USA).

RESULTS

Patient demographic and clinical characteristics
A total of 58 hemophilia patients were recruited at four 

centers by seven physicians in South Korea between April 
2015 and April 2019, who were observed for up to 6 months 
after the initiation of Rixubis treatment. Of these, 57 (98%) 
patients (mean age, 34.6±19.0 yr) were included in the safety 
analysis set (SAS) and 54 (93%) were included in the effec-
tiveness analysis set (EAS) (Fig. 1). The reasons for exclusion 
from SAS and EAS were no study drug administration (N=1) 
and missing effectiveness assessment (N=3), respectively. All 
patients were male and Asian. The mean patient age was 
34.6 years, with the majority (77.2%) aged 19 years or higher 
with a mean body mass index (BMI) of 24.0 kg/m2 (Table 1).

The average disease duration was 18.1 years; 1.8% (1 pa-
tient) of the patients had a history of an allergic reaction, 
5.3% (3 patients) had a family history of inhibitor develop-
ment, and no patient had a history of inhibitor development. 
Most of the patients (N=41) reported minor bleeding, fol-
lowed by moderate (N=14) and major (N=4) bleeding within 
the last 12 months. The mean number of episodes of minor, 
moderate, and major bleeding were 22.4, 2.5, and 1.3, 
respectively. Additionally, 54 patients (94.7%) used FIX con-
centrates before treatment with Rixubis. The most reported 
medical condition was hypertension (7.0%), followed by ac-
quired immunodeficiency syndrome and chronic hepatitis 
C (5.3% each) (Table 1). 

Most of the patients received Rixubis for prophylaxis 
(78.9%), followed by bleeding (63.2%), and surgery and/or 
perioperative coverage (3.5%). The mean (SD) doses of 
Rixubis for prophylaxis, bleeds, and surgery and/or perioper-
ative coverage was 41.9±11.1 IU/kg, 43.8±14.4 IU/kg, and 
45.0±1.8 IU/kg per infusion, respectively (Table 2).

Safety
In the SAS, 11 AEs were reported in eight patients (14.0%), 

of which three were SAEs and observed in three patients 
(5.3%). The SAEs included hemophilic arthropathy in two 
patients (3.5%) and one inhibitory antibody development 
in one patient (1.8%), for which the confirmatory test was 
negative. All 11 AEs that occurred were reported as un-
expected and mild in severity; only one AE (unconfirmed 
anti-FIX antibody increase) was related to the study drug 
while the remaining 10 AEs were unrelated to the study 
drug. Based on outcomes, the 10 AEs (90.9%) were considered 
resolved and one (upper abdominal pain) was in the recovery 
stage. Anaphylaxis was not reported in any of the patients 
during the study period (Table 3).

Effectiveness
In the EAS, 66 assessments for the treatment of bleeding 

were conducted in 25 patients, and hemostatic effectiveness 

was evaluated as “excellent,” “good,” and “fair” in 5 (7.6%), 
50 (75.8%), and 11 cases (16.7%), respectively. Overall, 55 
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Table 2. Information of study drug administration.

Treatment type Treatment dose (IU), mean±SD Treatment dose (IU/kg), mean±SD N (%)

Treatment of bleeding (on-demand) 36 (63.2)
   Total      32,241.7±39,659.9      482.3±486.1
   Average        2,831.5±1,341.2        43.8±14.4
Surgery and/or perioperative coverage   2 (3.5)
   Total      44,040.0±2,658.7      630.4±25.7
   Average        3,145.7±189.9        45.0±1.8
Prophylaxis 45 (78.9)

   Total 2,388,776.9±4,020,208.1 33,712.0±51,060.2
   Average        2,603.5±881.7        41.9±11.1

Treatment of bleeding and surgery and/or preoperative coverage: 
   • Total treatment dose (IU/kg)=sum of total dose per infusion for each treatment regimen/body weight
   • Average treatment dose (IU/kg)=(total treatment dose for each treatment regimen/body weight)/Total number of infusions for each 

treatment regimen 
Prophylaxis: 
   • Total treatment dose (IU/kg)=sum of [(total number of infusions)×(total dose per infusion/body weight)]
      ✓ Total number of infusions=(actual Dosing interval)×integer of {(stop date of treatment regimen-start date of treatment regimen+1)/7} 

+[7×decimal of {(stop date of treatment regimen-start date of treatment regimen+1)/7}]/(dosing interval)
      ✓ Actual dosing interval=stop date of treatment regimen-start date of treatment regimen 
   • Average treatment dose (IU/kg)=(total treatment dose/body weight)/total number of infusions
Abbreviations: IU, international unit; SD, standard deviation.

Table 3. Summary of adverse events (safety analysis set, N=57).

AEs (PTa)) N of patients (%) N of AEs Unexpected AEs Serious AEs

Hemophilic arthropathy 2 (3.5) 2 2 2
Cataract 1 (1.8) 1 1 0
Upper abdominal pain 1 (1.8) 1 1 0
Aspergillus infection 1 (1.8) 1 1 0
Tinea pedis 1 (1.8) 1 1 0
Procedural pain 1 (1.8) 1 1 0
Anti-factor IX antibody increasedb) 1 (1.8) 1 1 1
Hyperuricemia 1 (1.8) 1 1 0
Insomnia 1 (1.8) 1 1 0
Hematuria 1 (1.8) 1 1 0
Total 8 (14.0) 11 11 3

a)Dictionary: MedDRA (version: 21.1). b)Confirmatory test was negative for this. 
Abbreviations: AE, adverse events; PT, preferred term.

assessments were reported as effective (excellent and good) 
in 18 patients (72.0%), and the clinical effectiveness rate 
was 83.3%. For prophylaxis, 76 assessments were conducted 
in 40 patients; of these, 68 (89.5%) assessments were reported 
as effective. The effectiveness was reported as “excellent,” 
“good,” and “fair” in 21 (27.6%), 47 (61.8%), and 8 cases 
(10.5%), respectively. A total of 142 assessments were con-
ducted for both treatment types in 54 patients; of these, 
123 were reported as effective in 42 patients (77.8%), and 
the overall clinical effectiveness rate was 86.6% (Table 4).

DISCUSSION

The present PMS study evaluated the safety and hemostatic 

effectiveness of Rixubis used prophylactically or on-demand 
and for surgery and/or perioperative coverage in pediatric 
and adult patients with hemophilia B in real-world settings 
in South Korea. Given the increased number of hemophilia 
B patients in South Korea in recent years [3, 4] and the 
paucity of prospectively collected data on real-world use, 
the clinical experiences of those receiving Rixubis for bleed-
ing control, surgery and/or perioperative coverage, and pro-
phylaxis in the current study are important. 

Previous studies have demonstrated the safety and efficacy 
of Rixubis for routine prophylaxis as well as for bleeds and 
surgery and/or perioperative management [12, 14]. The 
first-in-human trial and subsequent studies of BAX326 
showed improved outcomes with a reduction in the number 
of bleeds, a better safety profile, and improved health-related 
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Table 4. Assessment of hemostatic effectiveness (efficacy analysis 
set, N=54).

Treatment type N of 
assessments (%)

N of 
patients (%)b)

Treatment of bleedinga)

   Total 66 25c)

   None     0 (0.0)   0 (0.0)
   Fair   11 (16.7)   7 (28.0)
   Good   50 (75.8) 17 (68.0)
   Excellent     5 (7.6)   4 (16.0)
   Effective (excellent+good)   55 (83.3) 18 (72.0)
Prophylaxisa)

   Total 76 40c)

   None     0 (0.0)   0 (0.0)
   Fair     8 (10.5)   5 (12.5)
   Good   47 (61.8) 32 (80.0)
   Excellent   21 (27.6) 17 (42.5)
   Effective (excellent+good)   68 (89.5) 35 (87.5)
Overall treatment typea)

   Total 142 54c)

   None     0 (0.0)   0 (0.0)
   Fair   19 (13.4) 12 (22.2)
   Good   97 (68.3) 43 (79.6)
   Excellent   26 (18.3) 20 (37.0)
   Effective (excellent+good) 123 (86.6) 42 (77.8)

a)In case an assessment is performed by the patient as well as by 
the physician, then the worst-case assessment is considered. b)For 
the ratings “None,” “Fair,” “Good,” or “Excellent,” each patient 
could rate more often. For the rating “Good” or “Excellent,” in case 
a patient had more than one assessment, the worst-case 
assessment is considered for this patient. c)Number of unique 
patients with an effectiveness assessment available in the 
respective “Treatment type/Assessor.”

quality of life after prophylactic treatment in patients with 
hemophilia B [12-15]. Primary prophylaxis is considered 
the standard treatment for children with severe hemophilia 
in South Korea [16, 17]. In the current study, most patients 
received Rixubis for prophylaxis (78.9%) compared to that 
for bleeds (63.2%) or surgery (3.5%), indicating the safety 
awareness and importance of prophylactic treatment with 
recombinant products in South Korean patients with hemo-
philia B.

The safety profile of any rFIX product is characterized 
by a low incidence of AEs [18-20]. In the present study, 
the overall incidence of AEs was 14% (11 AEs reported 
in eight patients). All the AEs reported in this study were 
unexpected and mild in severity. Furthermore, most of the 
AEs (10) were unrelated to the study drug. Three SAEs 
were reported in three patients (5.3%) and included hemo-
philic arthropathy in two patients (3.5%) and one uncon-
firmed event of inhibitory antibody development in one 
patient (1.8%), which was found to be negative in subsequent 
testing. Of note, all AEs that occurred were temporarily 
associated and resolved by the time the study was completed. 
None of the patients developed anaphylaxis, and no death 
was reported during the study. Our observations on the 
safety of Rixubis are consistent with those of a prospective 

study that reported a 17% incidence of AEs (22 AEs in 
11 patients) in previously untreated patients receiving 
BeneFix [19].

The development of inhibitory antibodies against FIX is 
the most critical complication in patients with hemophilia 
B [21], with an incidence of 1–4% [22, 23]. In the current 
study, there was an unconfirmed report of increased anti-FIX 
antibody levels in one patient (1.8%), for which the dose 
was not changed, and the outcome was recovery/resolution 
at the end of the study. Additionally, in this study, there 
were three patients with a family history of inhibitor devel-
opment, which is one of the high-risk factors for inhibitory 
antibody development; inhibitor development did not occur 
in these patients [24]. Similar to our findings, previously 
published studies reported no incidence of inhibitory or 
Rixubis-related specific antibody development [12, 14, 15]. 
However, other studies reported a higher incidence of in-
hibitor development in patients with hemophilia B. In a 
20-year Swedish population-based study, 37% (6/16) of pa-
tients with hemophilia B developed inhibitors after treatment 
with a high-purity pdFIX product [25]. 

Early prophylactic treatment aimed at maintaining a 
trough level higher than 1% has been associated with a 
decrease in the number of bleeds [6]. In this study, the 
overall hemostatic efficacy of Rixubis was rated as “effective” 
in 86.6% (123) of the assessments by both physicians and 
patients. When individual treatment type was considered, 
the effectiveness rates were 83.3% (55) and 89.5% (68) for 
on-demand treatment of bleeding and prophylaxis, respectively. 
The study results are consistent with those of previously 
published studies that have reported the hemostatic efficacy 
of rFIX products as good/excellent for ≥90% of bleeding 
episodes [9, 12, 15]. Further, the ratings for hemostatic effec-
tiveness by physicians were higher than those of patients’ 
for both treatment of bleeding and prophylaxis. This finding 
is similar to that of a PMS study wherein the physicians’ 
evaluation of drug effectiveness was favorable for both on-de-
mand treatment and prophylaxis [26]. 

The development of Rixubis is an important step toward 
increasing the worldwide availability of rFIX products for 
the treatment of hemophilia B. As a recombinant protein 
product devoid of viruses and other pathogens, Rixubis mini-
mizes the risk of transmission of blood-borne pathogens and 
thereby can be an important treatment option over pdFIX 
products. Furthermore, Rixubis, which is an rFIX product 
with a standard half-life, has the ability to control FIX activity 
and may help in reducing thrombotic risk during acute bleed-
ing episodes and surgery [27].

Limitations
This prospective real-world study is limited by its study 

design, wherein causal inferences cannot be made due to 
the lack of a control or comparator group. Furthermore, 
the data on annualized joint bleed and bleeding rates (based 
on both treatment types, i.e., on-demand vs. prophylaxis) 
were not estimated, and hence, the effectiveness of Rixubis 
in terms of lowering the frequency of joint bleeds and all 
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bleeds could not be inferred. Rixubis was recently approved 
in the global market, and a complete elucidation of its safety 
profile for routine use will require long-term PMS studies 
in various geographies and different cohorts.

CONCLUSION

The study results demonstrated that Rixubis administered 
for on-demand treatment of bleeding, surgery and/or peri-
operative coverage, and prophylaxis was effective without 
increasing the risk of AEs in pediatric and adult patients 
with hemophilia B in real-world settings in South Korea. 
The overall safety and effectiveness rate were comparable 
with those of other currently available rFIX products, sup-
porting the use of Rixubis in the prevention and treatment 
of bleeding in hemophilia B.
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