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Abstract
Hemostatic management is essential for ensuring the safety of patients with hemophilia during surgery. This phase 3, prospective,
uncontrolled trial, evaluated hemostatic efficacy, consumption, and safety of a recombinant factor IX concentrate, nonacog gamma
(BAX 326, Rixubis® [Baxalta US Inc., a Takeda company, Lexington, MA, USA]), in intraoperative and postoperative settings in
previously treated patients (PTPs) with severe or moderately severe hemophilia B undergoing elective surgery (N¼ 38 surgeries; 21
major, 17 minor). Predefined preoperative hemostatic factor IX levels (80-100% of normal for major and 30-60% for minor sur-
geries) were maintained for each patient. Intraoperative efficacy was rated as “excellent” or “good” for all surgeries. Postoperative
hemostatic efficacy on day of discharge was rated as “excellent,” “good,” and “fair,” respectively, for 29 (76.3%), 7 (18.4%), and 2
(5.3%) surgical procedures. All adverse events were considered unrelated to study drug; most frequently reported was mild
procedural pain (9 patients). No thrombotic events, severe allergic reactions, or inhibitor formation were observed. Nonacog
gamma was well tolerated and effective for intraoperative and postoperative hemostatic management of PTPs with hemophilia B.
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Introduction

Hemophilia B is characterized by coagulation system malfunc-

tion of the factor IX (FIX) gene, resulting in increased uncon-

trolled hemorrhages as well as severe hemarthroses and

ensuing arthropathies.1,2 Increased life expectancy due to an

expanding array of treatment options has placed patients with

hemophilia at greater risk for developing hemophilic arthropa-

thy as well as age-related comorbidities, often requiring car-

diac, abdominal, or orthopedic surgical intervention. During

invasive procedures, patients with hemophilia B require effec-

tive management of hemostasis by elevating FIX plasma activ-

ity to hemostatically sufficient levels prior to, during, and after

surgery.1,2 However, due to low numbers of patients with
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hemophilia B,3 limited clinical data are available on the efficacy

of conventional plasma-derived and recombinant coagulation

FIX products used to maintain hemostasis during surgery.

Although a remote risk of infection remains for treatments

containing albumin, recombinant replacement factor products

are inherently free of blood-borne pathogens and could reduce

the risk of potential transmission of adventitious infectious

agents.4 The benefits of achieving adequate plasma levels of

FIX using recombinant FIX in patients with hemophilia B are

well known.5-7 A recombinant FIX, nonacog gamma (BAX

326, Rixubis® [Baxalta US Inc., a Takeda company, Lexing-

ton, MA, USA]), with structural and functional characteristics

comparable to endogenous FIX, was developed for the preven-

tion and control of bleeding in patients with hemophilia B.8-10

Nonacog gamma is formulated in the absence of any human- or

animal-derived components and is free of albumin. We have

previously reported results of an interim analysis of this study

after the first 10 major surgeries were completed.11 Here we

present the final evaluation of the hemostatic efficacy, con-

sumption, and safety of nonacog gamma in previously treated

patients (PTPs) with severe or moderately severe hemophilia B

undergoing surgery.

Methods

Study Design

This prospective, phase 3, open-label, uncontrolled, multicen-

ter clinical study (ClinicalTrials.gov: NCT01507896, 5 proto-

col amendments; EudraCT: 2011-000413-39) was conducted at

10 clinical sites in 8 countries (Bulgaria, Chile, Columbia,

Czech Republic, Poland, Romania, Russia, Ukraine) from

December 19, 2011, to May 15, 2014.

Participants

Eligible patients were aged 12 to 65 years, had severe (FIX level

<1%) or moderately severe (FIX level 1-2%) hemophilia B, and

were previously treated with plasma-derived and/or recombinant

FIX concentrate(s) for a minimum of 150 exposure days, with no

history of FIX inhibitors. Patients included in the study required

surgical, dental, or other invasive procedures (emergency or

elective, major or minor) and had participated in the pivotal

(NCT01174446),8 pediatric (NCT01488994),9 or continuation

(NCT01286779) nonacog gamma study. Patients who had not

participated in a prior study could enroll only if they were plan-

ning to undergo major elective surgery. All patients provided

written informed consent prior to enrollment.

Study Objectives

The primary objective was to evaluate the hemostatic efficacy

and safety of nonacog gamma in the intraoperative and post-

operative setting in PTPs with severe (FIX level <1%) or mod-

erately severe (FIX level 1-2%) hemophilia B undergoing

major or minor elective or emergency surgical, dental, or other

invasive procedures.

Intraoperative and postoperative hemostatic efficacy of non-

acog gamma was rated by the operating surgeon and blood loss

was determined, with consumption of nonacog gamma mea-

sured daily and as the total weight-adjusted dose. Safety was

evaluated by monitoring for development of inhibitory and

total binding antibodies to FIX, adverse events (AEs) related

to nonacog gamma, and occurrence of thrombotic events.

Surgical or Invasive Procedures

Surgeries were classified as “major” or “minor” according to

the expected blood loss and potential requirement for addi-

tional therapy. Major surgeries12,13 were defined as those that

involved moderate or deep sedation, general anesthesia, or

major conduction blockade for patient comfort. These included

major orthopedic (eg, joint replacement), major abdominal,

intracranial, cardiovascular, spinal, and any other surgery that

has a significant risk of large volume blood loss or blood loss

into a confined anatomical space. Extraction of �2 teeth at the

same surgery or extraction of the third molar were considered

as major surgeries. Adeno-tonsillectomy was also considered

as major surgery in children. Minor surgeries12,13 comprised

surgeries that could be safely and comfortably performed on a

patient who had received local or topical anesthesia, without

more than minimal preoperative medication or minimal intrao-

perative sedation, and in which the likelihood of complications

requiring hospitalization or prolonged hospitalization was

remote. Examples of minor surgeries included interventions

such as removal of skin lesions, arthroscopy, minor dental

procedures, or dental extractions.

Treatment

On the day of surgery, prior to the procedure, a blood sample

was collected for determination of FIX activity and standard

hematology parameters. Within 60 minutes of blood collec-

tion, patients were administered a preoperative bolus intrave-

nous loading dose of nonacog gamma in order to elevate

plasma FIX levels to a target peak (80-100% for major sur-

geries and 30-60% for minor procedures).14,15 Each loading

dose was individually calculated according to the following

formula that used the patient’s most recent incremental recov-

ery measurement:

Required units ¼ body weight (kg) � desired factor IX rise (%)

(IU/dl) � {reciprocal of observed recovery}

Another blood sample was collected approximately 15 min

after the loading dose for determination of FIX activity and

activated partial thromboplastin time, to ensure target levels

of FIX activity had been achieved.

The subsequent treatment regimen was determined in line

with the standard of care. Following the loading dose, patients

received nonacog gamma as a bolus infusion; the regimen

determined by the intensity and duration of the hemostatic

challenge. Supplemental doses of nonacog gamma could be
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given at the discretion of the investigator. For major surgeries,

FIX activity was targeted to remain between 80% to 100% until

wound healing, with dosing repeated every 8 to 24 hours, most

commonly every 12 hours, depending on the patient’s individ-

ual pharmacokinetics (PK; half-life) until adequate wound

healing, then therapy for at least another 7 days to maintain a

FIX activity of 30% to 60% for 7 to 14 days. Presurgical PK

was only determined in patients (n ¼ 12) undergoing major

elective surgery who had not undergone a PK assessment in the

pivotal, pediatric or continuation nonacog gamma studies. For

minor surgeries (eg, single dental extraction), FIX activity was

maintained at 30% to 60%, with a dose frequency of approxi-

mately every 24 hours for �1 day. The dose regimens were

supported by the standard clinical dose for marketed plasma-

derived FIX concentrates used in the peri- and postoperative

setting described in the literature,14,15 as well as guidelines

provided by the Core Summary of Product Characteristics for

human plasma derived and recombinant coagulation FIX prod-

ucts,16,17 by the World Federation of Hemophilia17 and litera-

ture reviews.18

Plasma FIX coagulation activity (1-stage clotting assay) and

activated partial thromboplastin time were monitored every 24

hours, before and after infusion of nonacog gamma, to deter-

mine whether dose modifications were required.

Hemostatic Efficacy

The hemostatic efficacy of nonacog gamma was assessed by

the operating surgeon intraoperatively at drain removal or post-

operatively day 3, and on the day of discharge, using ratings of

“excellent,” “good,” “fair,” and “none” (Table 1).

The predicted intraoperative and postoperative blood loss

(average and maximum volume) as expected for a hemostati-

cally normal individual of comparable demographics and base-

line characteristics was estimated by the surgeon prior to each

intervention.5,6 Blood loss was measured by the total drainage

fluid volume (if applicable), and blood loss into swabs and

towels. Any bleeding episodes, associated treatments and blood

transfusions were recorded throughout the perioperative period.

Consumption

The daily and total weight-adjusted dose of nonacog gamma per

patient was recorded from the initiation of surgery, until discharge

from hospital: 1 to 3 days postoperatively for minor surgery and

approximately 2 weeks postoperatively for major surgery.

Safety

Safety was assessed by the incidence of AEs, development of

inhibitory and total binding antibodies to FIX, and the occur-

rence of thrombotic events and severe allergic reactions, such

as hives, pruritus, urticaria, erythema, angioedema, hypoten-

sion, pain or tightness in the chest, dizziness and/or dyspnea.

Samples for inhibitory and total binding antibodies to FIX were

taken at screening; on the day of discharge; and if the patient

had excessive, unexplained bleeding at any time intraopera-

tively or postoperatively. The presence of FIX inhibitors was

measured using the Nijmegen modification of the Bethesda

assay, and total binding antibodies to FIX were determined

using an enzyme-linked immunosorbent assay (ELISA).19

Safety assessments during the postoperative period and at

study termination also included a daily evaluation for clinical

signs of thrombosis. In case of clinical signs of thrombosis,

additional diagnostic procedures were required according to

each institution’s standard of care.

Pharmacokinetics

Presurgical PK were assessed in patients aged �12 years and

not previously enrolled in a prior trial or who did not have a PK

Table 1. Rating Scale for Intra- and Postoperative Efficacy Assess-
ment Criteria.

Intraoperativea and Postoperativeb Efficacy

Rating Criteria

Excellent Blood loss was less than or equal to that expected for the
type of procedure performed (�100%)

Good Blood loss was up to 50% more than expected for the type
of procedure performed (101-150%)

Fair Blood loss was more than 50% of that expected for the
type of procedure performed (>150%)

None Uncontrolled hemorrhage that was the result of inadequate
therapeutic response despite proper dosing,
necessitating a change of FIX concentrate

Postoperative Efficacy Assessment 72 Hours Postoperativelyc

Rating Criteria

Excellent Postoperative hemostasis achieved with nonacog gamma
was as good or better than that expected for the type of
surgical procedure performed in a hemostatically normal
patient

Good Postoperative hemostasis achieved with nonacog gamma
was probably as good as that expected for the type of
surgical procedure performed in a hemostatically normal
patient

Fair Postoperative hemostasis with nonacog gamma was clearly
less than optimal for the type of procedure performed
but was maintained without the need to change the FIX
concentrate

None Patient experienced uncontrolled bleeding that was the
result of inadequate therapeutic response despite
proper dosing, necessitating a change of FIX concentrate

Abbreviation: FIX, factor IX.
aReflects the blood loss as compared with the expected amount of blood loss
estimated preoperatively (by the operating surgeon) for the type of procedure
in a hemostatically normal individual.

bReflects the volume in drain as compared with the volume estimated preo-
peratively (by the operating surgeon) for the type of procedure performed in
a hemostatically normal individual.

c In the case of major surgery and where no drain was employed, the post-
operative hemostatic efficacy was to be assessed by the operating surgeon on
postoperative day 3 (approximately 72 hours postoperatively).
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assessment in the preceding trial. The samples for PK analysis

were taken within 30 minutes before the start of the infusion

and at 30 minutes, 6 hours, 24 hours, 48 hours, and 72 hours

following the infusion. The PK parameters included area under

the plasma concentration versus time curve from 0 to 72 hours

postinfusion (AUC0-72 h/dose), area under the plasma concen-

tration versus time curve from time 0 to infinity (AUC0-inf/

dose), elimination phase half-life (t1/2), incremental recovery

at 30 minutes postinfusion; mean residence time (MRT); clear-

ance (CL); and volume of distribution at steady state (Vss).

Statistical Analysis

Sample size was guided by the availability of patients partici-

pating in prior studies who required surgical procedures.8,9 No

statistical considerations were applied to determine the sample

size. The safety analysis set (SAS) comprised all patients

exposed to nonacog gamma during the study. The full analysis

set (FAS) comprised all patients exposed to nonacog gamma

who provided data suitable for the hemostatic efficacy analysis.

The per-protocol analysis set (PPAS) comprised all patients in

the FAS who did not have protocol deviations that were asso-

ciated with efficacy end points or serious breaches of protocol.

Descriptive statistics were used to evaluate the occurrence

of product-related AEs and thrombotic events. Hemostatic effi-

cacy was analyzed by the percentage of patients with an effi-

cacy rating (“excellent,” “good,” “fair,” and “none”) at each

time point. The differences between the expected and actual

average and maximum blood loss were summarized using

descriptive statistics including median and range. Noncompart-

mental methods were used to calculate PK parameters, which

were summarized with descriptive statistics.

Data handling, including data quality assurance, complied

with regulatory guidelines (eg, International Conference on

Harmonized Good Clinical Practice) and standard operating

procedures.

Results

Patients

There were 41 surgical enrollments in a study population of 30

unique patients, 8 of whom were enrolled for multiple surgeries

(Figure 1). One patient discontinued the study before any treat-

ment. The presurgical loading dose was administered for 40

surgeries. Safety analyses were performed for all surgeries that

involved �1 dose of nonacog gamma (n ¼ 40). Of the 40

planned surgeries, 21 were major and 17 were minor (FAS),

and 2 were not performed. One major surgery was excluded

from the PPAS, as FIX activity was not used to guide nonacog

gamma dosing. All but 3 patients had participated in the pivotal

or continuation nonacog gamma study.

Baseline characteristics of the study population were

recorded in terms of enrollments for surgery and not by unique

patients (Table 2). As a result, the number of treated patients

(surgery and/or PK assessment) was higher (n ¼ 40 in FAS/

SAS; n ¼ 39 in PPAS) than the number of unique patients who

were included in this study (n ¼ 30). Major surgeries (n ¼ 21)

included 14 orthopedic surgeries (11 joint replacements, 1

hardware/nail removal, and 2 synovectomies) and 7 non-

orthopedic surgeries (3 abdominal, 3 dental, and 1 surgical

excision of tumor from soft tissue). Minor surgeries (n ¼ 17)

comprised 5 orthopedic (4 intra-articular infiltration and 1

synoviorthesis) and 12 non-orthopedic surgeries (11 dental and

1 intra-articular injection).

FIX Activity

The median (range) exposure to nonacog gamma on the day of

surgery was 188.1 (124-296) IU/kg for major surgeries, and

88.1 (38-203) IU/kg for minor surgeries. The mean (standard

deviation [SD]) FIX activity level (Table 3) for major sur-

geries was raised from 5.29% (5.40) to 110.80% ( 21.30) after

the initial loading dose of nonacog gamma. During the first 3

postoperative days for major surgeries, the mean FIX levels,

which were monitored every 24 hours for up to 11 days,

increased from 55.08/62.00% (below the lower limit of the

target FIX activity of 80%) to 117.44/121.62% after infusion

of nonacog gamma (measured 10-30 minutes postinfusion),

maintaining hemostatic efficacy in the postoperative setting.

For minor surgeries, the mean (SD) FIX activity level was

raised from 3.86% (2.67) to 67.54% (17.79) after the initial

loading dose; subsequent FIX levels followed a similar pat-

tern to the major surgeries on the first 3 postoperative days,

with FIX levels increasing after 24 hours to hemostatic levels

10 to 30 minutes postinfusion (range: 65.65-78.02%) with

nonacog gamma.

Hemostatic Efficacy

For all surgeries (major and minor), the intraoperative hemo-

static efficacy rating based on the 4-point scale (Table 1) was

“excellent” (97.4%), except 1 knee joint replacement which

had a rating of “good” (2.6%). At drain removal, the ratings

for all surgeries with a drain placed (N ¼ 14) was either

“excellent” (n ¼ 10; 71.4%) or “good” (n ¼ 4; 28.6%). Two

major surgeries (Figure 2) had an efficacy rating of “fair” at

discharge (total left knee replacement and total right knee

replacement); both had ratings of “excellent” intraoperatively

and at drain removal. All minor surgeries received 100%
“excellent” efficacy ratings, intraoperatively (n ¼ 17), post-

operatively at day 3 (n ¼ 1), and at discharge (n ¼ 17).

Blood Loss

As expected, blood loss was higher in major than in minor

surgeries (mean [SD]: 344.9 [SD ¼ 420.1] mL vs 1.2 [SD ¼
1.1] mL). The mean difference from the predicted average

blood loss (Table 4) was highest for major (n ¼ 21; mean

[SD]: �50.9 [SD ¼ 213.0] mL, range: �600 to 200) and ortho-

pedic surgeries (n ¼ 19; mean [SD]: �58.3 [SD ¼ 223.1] mL,

range: �600 to 200).
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The actual intraoperative blood loss in the majority of major

surgeries was either below (n ¼ 8) or equal to (n ¼ 8) the

predicted average blood loss. The blood loss volume for 5

major surgeries was higher than the predicted average. Of

these, 2 were less than the predicted maximum blood loss, and

2 were equal to the predicted maximum blood loss. Only 1

surgery had an intraoperative blood loss that was higher than

the predicted maximum blood loss (1400 mL vs 1200 mL). In

minor surgeries, intraoperative blood loss was below the pre-

dicted average for 12/17 minor surgeries; there were no cases

of blood loss higher than the maximum predicted for a hemos-

tatically normal individual.

For the 4/14 major surgeries (all orthopedic: joint replace-

ment, removal of residual nail from femur fracture, knee

replacement, hip replacement) with an actual postoperative

blood loss exceeding the predicted maximum blood loss, FIX

levels on postoperative days 1 to 3 were in the lower range of

target FIX levels for 2 patients (34.3-40.2% and 40.2-56.5%).

One patient, whose postoperative blood loss exceeded the max-

imum predicted by 10 mL, had FIX levels within the recom-

mended range on postoperative days 1 to 3 (84.4-91.3%); this

patient had a drain placed, which was not planned at the time

the blood loss was estimated. The fourth patient exceeded the

maximum predicted postoperative blood loss by 100 mL; this

patient had FIX levels ranging from 55.6 to 81.1% on post-

operative days 1 to 3.

Five patients, each of whom underwent major orthopedic

surgery, received blood product transfusions in the form of

packed red blood cells, fresh frozen plasma, or both (2-5 infu-

sions; mean [SD]: 2.8 [1.3] units); 1 of these patients also

received packed red blood cells during the postoperative

period.

Bleeding Episodes

Bleeding episodes were reported for 2 patients. Both patients

(aged 45 and 43 years and both with severe chronic knee

arthropathy) had undergone major orthopedic surgery (knee

replacements) and had minor bleeding from the surgical inci-

sion at 7.9 and 9.9 days after surgery and at 2.6 and 3.2 hours

after the last nonacog gamma infusion, respectively. Hospita-

lization was not required in either case.

Patients enrolled
N = 41 (including re-enrolled patients)

n = 30 (unique patients)

Patients treated with nonacog gamma
n = 40 planned surgeries in 30 patients (SAS)

Major surgeryc

n = 21 (FAS)
n = 20 (PPAS)

 

Patients who underwent surgeries
n = 38 surgeries in 28 unique patients (FAS)

n = 37 surgeries in 27 unique patients (PPAS)
 

Patients for
PK assessmentd

n = 12 (FAS, PPAS)

Major orthopedic
surgery

n = 14 (FAS)
n = 13 (PPAS)

 
 
 

Minor orthopedic
surgery

n = 5 (PPAS)
 Minor surgery

N = 17 (PPAS)

Patients who completed the study
n = 38 surgeries in 28 unique patients (FAS)

n = 37 surgeries in 27 unique patients (PPAS)
 

a

b

Figure 1. Patient flow and enrollments for surgery. Of 38 surgeries in 28 unique patients (FAS), 21 patients underwent a single surgery, 5
patients underwent 2 surgeries, 1 patient underwent 3 surgeries, and 1 patient underwent 4 surgeries. aConsent was withdrawn by 1 patient.
bConsent was withdrawn by 1 patient; surgery denied for 1 patient. cOne major surgery excluded from the efficacy analysis, as FIX activity was
not used to guide nonacog gamma dosing. dPresurgical PK parameters were only assessed in patients who underwent major elective surgery,
who had not undergone a PK assessment in a previous nonacog gamma study. Abbreviations: FAS, full analysis set; PPAS, per-protocol analysis
set; SAS, safety analysis set.

Windyga et al 5



Consumption

All major surgeries (n ¼ 21) utilized daily doses of nonacog

gamma from the day of surgery until postoperative day 5. Fif-

teen surgeries continued to utilize daily doses of nonacog

gamma until postoperative day 11 and beyond (up to postopera-

tive day 28). Of the 19 orthopedic surgeries, 12 utilized daily

doses of nonacog gamma from the day of surgery through post-

operative day 11 and beyond. On the day of surgery, the mean

(SD; range) weight-adjusted dose (IU/kg) for major surgery (n

¼ 21) was 191.5 (50.6; 124-296), and 87.2 (42.9; 38-203) for

minor surgery (n ¼ 17).

During the postoperative period, the mean (SD; range)

weight-adjusted dose (in IU/kg) for major surgery (n ¼ 21)

was 1350 (617; 415-2965), and 138 (136; 38-601) for minor

surgery (n ¼ 17).

Safety

Nonacog gamma was well tolerated during perioperative man-

agement in PTPs with hemophilia B. None of the patients

developed inhibitors or total binding antibodies to FIX. There

were no severe allergic reactions and no thrombotic events. No

deaths or treatment-related serious AEs occurred. Thirty-nine

nonserious AEs were reported for 15/40 (37.5%) instances of

nonacog gamma administration. One case of moderate hemor-

rhagic anemia was initially considered to be “possibly related”

to treatment with nonacog gamma. The patient, for whom this

AE was reported, went into surgery (a total left knee replace-

ment) with a very high FIX activity level (105.8 IU/dL); FIX

levels were kept constantly high throughout the entire post-

operative period, which is a prerequisite for stable hemostasis.

Therefore, this AE was subsequently assessed as unrelated to

nonacog gamma, and related to the surgical procedure. The

most frequently reported AE was procedural pain (15 reports

for 9 patients, all considered “mild”). Thrombocytosis was

reported 4 times (for 4 patients) and was considered “mild”

in 3 patients and “moderate” in 1 patient. Postprocedural swel-

ling was reported 4 times (for 4 patients) and was also consid-

ered “mild” in 3 patients and “moderate” in 1 patient.

Abnormal hematology results such as thrombocytosis were

either considered a consequence of the surgery or “not clini-

cally significant” or due to a pre-existing disease.

Pharmacokinetic Parameters

The presurgical PK parameters determined for 12 patients

(Table 5) were similar to those obtained in the pivotal study

(NCT01174446).8

Discussion

A FIX concentrate therapy that provides the optimal dose and

administration rate is essential for patients with hemophilia B

in the management of bleeding during high-risk surgical set-

tings and can lead to a positive postoperative clinical outcome.

Nonacog gamma was well tolerated and hemostatic efficacy

was demonstrated for perioperative management in 38 sur-

geries during this first controlled, prospective, multicenter clin-

ical study in a surgical setting of PTPs (aged 12-65 years) with

severe and moderately severe hemophilia B undergoing major

or minor elective or emergency surgical, dental, or other inva-

sive procedures.

During the first 3 postoperative days, the mean preinfusion

FIX levels increased from 55.08/62.00% to 117.44/121.62%
for major surgeries, and from 20.39/27.88% to 65.65/78.02%
for minor surgeries postinfusion with nonacog gamma, main-

taining hemostatic efficacy in the postoperative setting. Thus,

when used for perioperative management, nonacog gamma

allows for achieving and maintaining recommended postopera-

tive FIX levels (80-100% for major surgeries and 30-60% for

minor surgeries), which is consistent with the European

Agency for the Evaluation of Medicinal Products, Committee

for Proprietary Medicinal Products (CPMP) guidelines.17 This

differs slightly from guidance provided by the World Federa-

tion of Hemophilia,20 which recommends initial trough levels

of 60% to 80% for major surgeries to be maintained for �3

days.

Overall, this study met its primary efficacy end point, and

the final outcome is consistent with that reported for other

recombinant coagulation factors used for intraoperative and

postoperative management in individuals with hemophilia

B.5,6,15 Intraoperatively, hemostasis was rated as “excellent”

Table 2. Baseline Characteristics of the Study Population by Surgical
Enrollments.

Parameter Statistic
Surgical

Enrollments

Age at consent (years) N 40
Mean (SD) 39.7 (11.2)
Median 41.5
Range 17-57

Weight (kg) N 40
Mean (SD) 70.4 (11.0)
Median 70.0
Range 52-100

Gender Male 40 (100.0)
Female 0 (0.0)

FIX activity level (%) <1% 18 (45.0)
1-2% 11 (27.5)
Not reported 11 (27.5)

FIX antigen level (%) <1% 9 (22.5)
�1% 20 (50.0)

1-2% 3 (7.5)
>2-5% 2 (5.0)
>5-<40% 4 (10.0)
�40% 11 (27.5)

Not reported 11 (27.5)
Arthropathy at screening Yes 39 (97.5)

No 1 (2.5)
Type of surgery Major 21 (52.5)

Minor 17 (42.5)
No surgery performed 2 (5.0)

Abbreviations: FIX, factor IX; SD, standard deviation.
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Table 3. Nonacog Gamma Pre- and Postinfusion Factor IX Activity Levels (% Normal).

Period Time Point Statistic* Major Minor Orthopedic Non-orthopedic

Day of surgery 60 min preoperative n 21 16 18 19
Mean (SD) 5.29 (5.40) 3.86 (2.67) 4.74 (5.04) 4.61 (3.92)
Median 3.40 4.10 3.15 3.70
Range 0.5-16.9 1.2-11.3 0.5-16.9 0.5-16.2

15 min post bolus infusion n 21 15 17 19
Mean (SD) 110.80 (21.30) 67.54 (17.79) 102.77 (27.37) 83.83 (28.55)
Median 108.70 65.20 106.30 79.20
Range 65.1-142.7 49.2-115.6 49.2-141.7 49.5-142.7

Postoperative day 1 30 min preinfusion n 21 17 19 19
Mean (SD) 55.08 (16.91) 20.39 (10.52) 44.98 (25.26) 34.14 (18.55)
Median 55.10 16.40 46.10 32.70
Range 24.8-89.5 8.1-44.5 8.6-89.5 8.1-71.2

10-30 min postinfusion n 20 17 19 18
Mean (SD) 117.44 (34.32) 65.65 (20.64) 105.10 (40.94) 81.55 (33.02)
Median 118.65 62.00 106.10 69.20
Range 58.5-176.2 31.6-110.8 37.1-176.2 31.6-168.5

Postoperative day 2 30 min preinfusion n 21 8 14 15
Mean (SD) 58.00 (16.96) 25.79 (8.89) 58.98 (15.37) 39.91 (21.74)
Median 55.80 24.45 57.85 32.40
Range 27.1-91.3 17.0-40.5 34.3-91.3 17.0-86.6

10-30 min postinfusion n 20 8 14 14
Mean (SD) 117.66 (33.82) 65.84 (15.32) 123.78 (29.54) 81.93 (34.10)
Median 120.05 62.25 124.65 67.80
Range 65.5-172.0 50.6-98.4 70.1-172.0 50.6-158.1

Postoperative day 3 30 min preinfusion n 21 5 14 12
Mean (SD) 62.00 (18.26) 27.88 (12.18) 62.52 (16.84) 47.17 (24.78)
Median 63.60 24.80 65.40 42.40
Range 28.5-88.2 16.0-48.2 28.5-84.4 16.0-88.2

10-30 min postinfusion n 20 5 14 11
Mean (SD) 121.62 (33.40) 78.02 (15.86) 130.88 (26.71) 90.01 (31.99)
Median 130.00 84.90 133.30 84.90
Range 57.5-164.3 57.6-95.1 69.9-164.3 57.5-154.2

Abbreviations: SD, standard deviation.
*Mean, median and range refer to factor IX activity levels (% normal).
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Figure 2. Perioperative hemostatic efficacy ratings in major surgeries.
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(97.4%) in all surgeries except 1 knee joint replacement, which

had a rating of “good” (2.6%). At discharge from hospital,

76.3% of surgeries were rated “excellent” and 18.4% were

“good.” Two surgeries, both major (total left knee replacement

and total right knee replacement), had an efficacy rating of

“fair” at discharge from hospital, following a rating of

“excellent” intraoperatively and at drain removal.

In general, intraoperative and postoperative blood loss in

the study was similar to that expected for the type of invasive

procedures in patients without hemophilia undergoing sur-

gery.5,6 Intraoperative actual blood loss was below or equal

to the maximum predicted blood loss for all but 1 surgery. As

reported previously, the mean postoperative blood loss was

equal to or above the maximum predicted blood loss for 4

major surgeries, in which 3 patients had lower postoperative

FIX levels than targeted and 1 patient received an unplanned

drain, which was not considered at the time of blood loss

estimation.7,11 The lower postoperative FIX levels seen in

these 3 patients could be explained by increased clearance

of FIX during/after surgery,21 as well as increased FIX con-

sumption due to activation of hemostasis by tissue damage

and blood loss.22

Table 4. Actual and Difference From Predicted Average/Maximum Blood Loss.

Period Parameter Statistic Major Minor Orthopedic Non-orthopedic

Intraoperative Actual blood loss (mL)a n 21 17 19 19
Mean (SD) 344.9 (420.1) 1.2 (1.1) 374.3 (432.1) 7.9 (12.7)
Median 150.0 1.0 150.0 2.0
Range 6-1400 0-3 0-1400 0-50

Predicted average blood loss (mL)b n 21 17 19 19
Mean (SD) 294.0 (289.4) 3.6 (4.9) 316.1 (296.9) 12.2 (15.4)
Median 150.0 2.0 300.0 5.0
Range 7-800 1-20 1-800 1-50

Difference from predicted average
blood loss (mL)c

n 21 17 19 19
Mean (SD) -50.9 (213.0) 2.4 (4.9) -58.3 (223.1) 4.2 (7.2)
Median 0.0 1.0 0.0 1.0
Range -600 to 200 -1 to 20 -600 to 200 0 to 20

Predicted maximum blood loss (mL)b n 21 17 19 19
Mean (SD) 566.9 (546.5) 13.8 (24.4) 605.9 (562.4) 32.9 (50.2)
Median 300.0 4.0 600.0 10.0
Range 10-1500 1-100 1-1500 2-200

Difference from predicted maximum
blood loss (mL)c

n 21 17 19 19
Mean (SD) 222.0 (323.7) 12.5 (24.5) 231.6 (339.8) 25.0 (43.1)
Median 100.0 3.0 100.0 5.0
Range -200 to 1000 1 to 100 -200 to 1000 0 to 170

Postoperative Actual blood loss (mL)a n 14 NA 12 2
Mean (SD) 603.6 (388.7) NA 695.0 (338.3) 55.5 (62.9)
Median 545.0 NA 690.0 55.5
Range 11-1270 NA 70-1270 11-100

Predicted average blood loss (mL)b n 14 NA 12 2
Mean (SD) 382.2 (157.4) NA 433.3 (91.3) 75.5 (105.4)
Median 400.0 NA 425.0 75.5
Range 1-600 NA 300-600 1-150

Difference from predicted average
blood loss (mL)c

n 14 NA 12 2
Mean (SD) -221.4 (331.7) NA -261.7 (342.8) 20.0 (42.4)
Median -180.0 NA -245.0 20.0
Range -870 to 430 NA -870 to 430 -10 to 50

Predicted maximum blood loss (mL)b n 14 NA 12 2
Mean (SD) 750.8 (337.3) NA 841.7 (253.9) 205.5 (275.1)
Median 700.0 NA 900.0 205.5
Range 11-1200 NA 500-1200 11-400

Difference from predicted maximum
blood loss (mL)c

n 14 NA 12 2
Mean (SD) 147.1 (330.1) NA 146.7 (353.1) 150.0 (212.1)
Median 60.0 NA 60.0 150.0
Range -270 to 930 NA -270 to 930 0 to 300

Abbreviation: NA, not applicable; SD, standard deviation.
aActual blood loss determined by drainage volume, if applicable, and the estimated blood loss into swabs and towels during the procedure.
bPredicted average blood loss and predicted maximum blood loss as expected for a hemostatically normal individual was estimated by the surgeon prior to each
intervention.

cPredicted average/maximum blood loss minus actual blood loss.
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Limitations to this study include small sample size, and the

heterogeneity of surgeries (extent of trauma, extent and dura-

tion of blood loss perioperatively). Direct comparisons (eg,

blood loss, consumption) were not possible due to several fac-

tors, such as the difference in surgical settings and standards,

preinfusion FIX levels, use of tourniquets and drains, and wide

variability in blood loss levels per patient (Table 4). In this

study, the intraoperative and postoperative blood loss for major

surgeries following treatment with nonacog gamma ranged

from 6 to 1400 mL and 11 to 1270 mL respectively, indicating

the role of multifactorial conditions that influence postopera-

tive blood loss.

There were no deaths or serious AEs reported for any of the

patients who were treated with nonacog gamma for periopera-

tive management. In addition, there were no severe allergic

reactions, no bleeding complications, no thrombotic events,

and no FIX inhibitor formation or binding antibody develop-

ment observed during the study. Overall, nonacog gamma had a

favorable safety profile when used in major or minor elective or

emergency surgical, dental, or other invasive procedures for

perioperative management in PTPs with severe to moderately

severe hemophilia B.

When used for perioperative management, nonacog gamma

allows for maintenance of postoperative FIX levels as sug-

gested by CPMP17 for major and minor surgeries, and provides

a reliable, convenient treatment option for patients with hemo-

philia B, allowing for appropriate intraoperative and postopera-

tive hemostatic control.
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