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Abstract

Rurioctocog alfa (recombinant factor VIII: Advate®) is available for the control of bleeding among patients with hemophilia
A in Japan. To evaluate the perioperative safety and hemostatic efficacy of Advate®, a postmarketing surveillance was con-
ducted in Japanese patients undergoing surgery in a real-world setting. A total of 74 surgical procedures performed in 58
subjects aged 0-75 years, including three females, were studied. A hemostatic efficacy rating of “excellent” or “good” was
reported in 73/74 surgical procedures (98.6%). Perioperative bleeding was successfully controlled by Advate® in five sub-
jects with positive FVIII inhibitors (2.4-9.1 BU/mL). Advate® was administered at higher initial bolus doses (114-385 IU/
kg) and at higher rates by subsequent initial continuous infusion (8.3-15 IU/kg/hour) in the five subjects with inhibitor than
in the subjects without inhibitor (n=47; mean initial bolus dose: 53.4 IU/kg; subsequent mean initial continuous infusion:
3.8 IU/kg/h). Adverse drug reactions were reported in 7/74 (9.5%) procedures, two of which were the development of de
novo FVIII inhibitors. Overall, the perioperative use of Advate® in a real-world setting was found to be safe and effective
among Japanese patients with hemophilia A.
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(plasma/albumin-free) recombinant anti-hemophilic fac-
tor VIII (FVIII), whose marketing approval in Japan was
granted in October 2006 with the indication for the control
of bleeding among patients with hemophilia A [1, 2]. In
clinical practice, Advate® has been used for regular replace-
ment therapy (hereinafter referred to as regular prophylaxis),
on-demand control of episodic bleeding, and perioperative
bleeding management in pediatric and adult patients with
hemophilia A [3].

Hemophilia A is a congenital bleeding disorder caused
by the deficiency of a functional coagulation FVIII, which
is often characterized by frequent bleeding into joints with
pain, swelling, and disability [4]. In some cases, intracra-
nial hemorrhage can be life threatening or fatal [5]. The
average life expectancies of patients with hemophilia
A had been far below normal before FVIII replacement
therapies became commercially available [6]. However,
the advent of plasma-derived coagulation factors and
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subsequent recombinant FVIII (rFVIII) concentrates has
enabled patients with hemophilia A to have near normal
male life expectancies with improved quality of life [7].

In the growing and aging patient population with hemo-
philia A, hemophilia-related comorbidities (such as hemo-
philiac arthropathy) and age-related comorbidities (such
as cardiovascular diseases and cancer) are expected to be
more common [8, 9]. These comorbidities often require
surgical interventions where patients with hemophilia A
face a risk of excessive bleeding.

To control bleeding during surgery, two methods of
administration are currently used: single or intermittent
bolus infusion (BI) and continuous infusion (CI) after
loading bolus infusion [10, 11]. For maintenance of
plasma FVIII level, intermittent BI results in remarkable
changes in FVIII between peaks and troughs according
to the interval of BI. In contrast, CI is advantageous in
keeping steady-state plasma FVIII level over time, thereby
avoiding a low trough level, which may potentially cause
excessive bleeding during the perioperative period. CI
could reduce the total consumption of FVIII by eliminat-
ing unnecessary high peaks compared to intermittent BI
infusion [12, 13].

Excessive and/or uncontrolled bleeding are potential
risks during the perioperative period for patients with hemo-
philia A who undergo surgery. In addition, the most serious
complication after surgical procedures is the formation of
inhibitors, neutralizing alloantibodies against FVIII [14, 15].
FVIII inhibitors attenuate the therapeutic effect of infused
FVIII and can result in serious bleeding unless proper treat-
ment is provided.

To investigate the safety and efficacy of hemostatic
treatment with Advate® during the perioperative period in
patients with hemophilia A undergoing surgery, a postmar-
keting surveillance (PMS) on the use of Advate® was under-
taken in Japan under the conditions of postapproval routine
clinical practice.

Materials and methods
Study design

This PMS was conducted in an open-label, multicenter,
prospective/retrospective, uncontrolled, non-interventional
manner and in accordance with the Japanese ordinance for
Good Post-Marketing Study Practice [16]. It was designed
to evaluate the safety and perioperative hemostatic efficacy
of Advate® in Japanese patients with congenital hemophilia
A, who were to undergo surgery between November 2010
and June 2013. The observation period started on the day
of the preoperative infusion of Advate® and ended either

on the day of the postoperative discharge or when the treat-
ing physician considered that postoperative treatment was
completed.

Subjects

Patients of any age with hemophilia A who had been sched-
uled to undergo surgery during the study period were regis-
tered, irrespective of sex, treatment regimen, type of surgical
procedure to be performed, or severity of hemophilia A. If
a patient was to undergo more than one surgical procedure,
the patient was registered again.

Statistical analyses

The sample size calculation was not based on statistical con-
siderations. Given the limited number of patients with con-
genital hemophilia A who were undergoing surgery in Japan
during the study period, the original plan was to register at
least 30 subjects.

For the evaluation of perioperative hemostatic efficacy
of Advate®, the attending surgeon or physician in charge of
bleeding control was responsible for the hemostatic efficacy
rating using the four-point rating scale, which comprised
“excellent,” “good,” “fair,” and “none” (Table 1). The evalu-
ation of perioperative hemostatic efficacy consisted of two
phases (i.e., intraoperative and postoperative), based on
which the overall hemostatic efficacy was determined. The
overall hemostatic efficacy was defined as the lesser rating
of the intra- and postoperative hemostatic efficacy.

Safety was assessed based on the occurrence of adverse
drug reactions (ADRs). To investigate the occurrence of
ADREs in subjects who received at least one dose of Advate®,

Table 1 Hemostatic efficacy rating scale

Rating Definition

Intraoperative hemostatic efficacy rating scale

Excellent The amount of blood loss was less than expected

Good The amount of blood loss was within expectations

Fair The amount of blood loss was more than expected;
an additional FVIII was needed to achieve hemo-
stasis

None Bleeding was not controlled

Postoperative hemostatic efficacy rating scale

Excellent The amount of blood loss was less than expected
Good Hemostasis was achieved with a dose increase
Fair Hemostasis was achieved with an additional FVIII
None Bleeding was not controlled

Overall hemostatic efficacy was based on the intra- and postoperative
efficacy assessments

Hemostatic efficacy was rated by the attending surgeon or physician
in charge for the bleeding control
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all adverse events were recorded and assessed for the rela-
tionship to the use of Advate® with the assessment of seri-
ousness (serious or non-serious) and expectedness (expected
or unexpected). Those ADRs not listed in the Japanese pack-
age insert throughout the PMS period were defined as unex-
pected ADRs.

Inhibitor titers were expressed in terms of Bethesda units
(BU/mL). A positive inhibitor was determined according to
the cutoff value of the local laboratory.

All data analyses were performed using SAS statistical
software version 9.2 (SAS Institute Inc., Cary, North Caro-
lina, USA).

Results
Subjects

Between November 2010 and December 2011, 75 surgical
procedures of 59 subjects (56 male patients with hemophilia
A, 1 female patient, and 2 female carriers of hemophilia
A) were registered at 10 medical institutions in Japan. One
procedure was excluded as an FVIII concentrate other than
Advate® was exclusively administered for tooth extraction.
Fifty-eight subjects received perioperative treatment with
Advate® in 74 surgical procedures. At baseline, the mean
(standard deviation: SD) age was 36.0 (19.3) years with a
median of 40.5 years (range 0-75), while the mean (SD)
body weight was 54.3 (21.0) kg with a median of 56.0 (range
5.7-110) kg.

Surgical procedures and mode of administration

Multiple surgical procedures were performed in 11 subjects
(19.0%) as follows: 2 surgeries (n=7), 3 surgeries (n=3),
and 4 surgeries (n=1). Fifty-seven surgical procedures were
performed in severe subjects (77.0%), 1 was performed in
a moderate subject (1.4%), and 16 were performed in mild
(21.6%) subjects including 1 female patient and 2 carriers.
The most commonly performed surgical procedures were
orthopedic in nature (n=41), followed by vascular (n=10),
gastroenterological (n=9), dermatologic (n=15), oral/dental
(n=5), obstetrical/gynecological (n=2), urological (n=1),
and ophthalmic (n=1) procedures (Table 2).

Advate® was administered by CI in 51/74 (68.9%)
procedures. Most orthopedic (92.7%), vascular (60.0%),
and urological (100%) surgeries were performed by CI,
whereas the majority of other surgeries were performed
by BI. Sixty-nine surgical procedures were performed in
subjects who had no preoperative inhibitor. Of these, 22
were treated only by BI: single BI in 9 procedures and 2
BIs in 13 procedures; the mean (SD) initial BI dose was
44.6 (13.6) IU/kg (range 13.5-75.0). CI was used for the
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Table2 Types of surgical procedures performed and the mode of
administration

Type of surgery performed n (%) CI BI
Orthopedics (n=41)
Total joint arthroplasty 23 (31.1) 23 0
Synovectomy 4(5.4) 4 0
Neurolysis for cubital tunnel syndrome 3(4.1) 2 1
Joint irrigation 2(2.7) 2 0
Knee arthroscopic synechiotomy 1(1.4) 1 0
Resection of ankle bone spicule 1(1.4) 1 0
Arthrodesis 1(1.4) 1 0
Fasciotomy 1(1.4) 0 1
Removal of spinal epidural hematoma 1(1.4) 1 0
Laminoplasty 1(1.4) 1 0
Meniscus removal 1(1.4) 1 0
Open reduction of fracture 1(1.4) 1 0
Spondylodesis 1(1.4) 0 1
Vascular surgery (n=10)
Central venous catheterization 6 (8.1) 4 2
Central venous catheter removal 1(1.4) 1 0
Esophageal variceal sclerotherapy 1(1.4) 0 1
Radial arteriorrhaphy 1(1.4) 1 0
Surgical vascular shunt 1(1.4) 0 1
Gastroenterology (n=9)
Hepatic artery embolization 4(54) 0 4
Cholecystectomy 2(2.7) 2 0
Ileectomy 1(1.4) 1 0
Splenectomy 1(1.4) 0 1
Arterial embolization for splenic injury 1(1.4) 1 0
Dermatology (n=35)
Subcutaneous tumor excision 22.7) 1 1
Debridement and epidermization 1(1.4) 0 1
Mole excision 1(1.4) 0 1
Skin ulcer excision 1(1.4) 0 1
Dentistry and oral surgery (n=>5)
Tooth extraction 3@.1) 0 3
Hematoma evacuation 1(1.4) 0
Odontoma excision 1(1.4) 1 0

Obstetrics and gynecology (n=2)
Perineotomy 22.7 0 2
Urology (n=1)
Nephrectomy 1(1.4) 1 0
Ophthalmology (n=1)

Strabismus correction 1(1.4) 0 1

All CIs were started after loading bolus dose

BI bolus infusion, CI continuous infusion

rest of the 47 surgical procedures; the mean (SD) loading
bolus dose, 53.4 (11.8) IU/kg (range 27.0-99.0); the mean
(SD) initial CI rate, 3.8 (0.9) IU/kg/h (range 2.7-6.5).
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Six male subjects had a history of FVIII inhibitors, of
whom 5 tested positive again and 1 tested negative prior
to surgery. The preoperative FVIII inhibitor titers of the 5
subjects ranged from 2.4 to 9.1 BU/mL (Table 3). Case 1
was a 4-month-old previously untreated patient who devel-
oped a spinal epidural hematoma, for which removal surgery
was performed (registered as first surgery). On postoperative
(PO) day 18, FVIII inhibitor (2.46 BU/mL) was detected.
On PO day 19, the subject with the inhibitor subsequently
underwent spondylodesis (registered as second surgery).
Advate® was administered by BI twice daily for 7 consecu-
tive days and once daily for another 2 days. The other 4
subjects aged 1-17 years (Cases 2-5) received loading bolus
doses of 114-385 TU/kg, followed by CI (initial rate: 8.3-
15 IU/kg/h) for central venous catheterization (Cases 2, 3,
and 4) or central venous catheter removal (Case 5). On the
preoperative days and/or on PO day 1, plasma FVIII lev-
els were recovered to 50-124% (Cases 2-5). In Case 3, the
plasma FVIII level decreased to < 1% on PO day 5 with the
FVIII inhibitor titer increased to 6.6 BU/mL. In Case 5, the
plasma FVIII level decreased to < 1% on PO day 6 with the
FVIII inhibitor titer increased to 25.3 BU/mL (Table 4). No
additional bypassing agents were administered to the 5 sub-
jects perioperatively. All of the 5 subjects achieved hemosta-
sis with an overall hemostatic efficacy rating of “excellent.”

Efficacy

An overall hemostatic efficacy rating of either “excellent”
or “good” was given to 57/58 (98.3%) subjects of 73/74
(98.6%) surgeries: 60 (81.1%) surgeries rated “excellent”
and 13 (17.6%) rated “good.” Blood transfusion was required
in 12/74 (16.2%). Intraoperative blood loss was <200 mL

in 52 procedures (70.3%), 200 to < 400 mL in 9 proce-
dures (12.2%), 400 <to < 600 mL in 7 procedures (9.5%),
and > 600 mL in 6 procedures (8.1%). None of the subjects
was concomitantly treated with FVIII products other than
Advate® or bypassing agents.

One subject was rated “fair.” This was a 43-year-old male
subject who had undergone total joint arthroplasty for hemo-
philic arthropathy of the right knee. The subject received
the loading BI of 52.6 IU/kg and subsequent initial CI at
4.4 IU/kg/h. Although the subject experienced an intraopera-
tive blood loss of 144 mL, the surgery was completed with
no transfusion and no clinical complications. The subject
was discharged on PO day 19.

All female subjects (n=3) achieved hemostasis with
an overall hemostatic efficacy rating of “excellent.” The
29-year-old female subject with mild hemophilia A under-
went nephrectomy of the right kidney for a renal tumor, with
a loading bolus dose of 40 IU/kg followed by CI (infusion
rate: 2.8 to 4.0 IU/kg/h). The intraoperative blood loss was
47 mL. No blood transfusion was performed. The 26-year-
old subject and the 33-year-old subject, both of whom were
carriers of hemophilia A, underwent perineotomy at vagi-
nal delivery, for which they received a single bolus dose
of 27.3 TU/kg and 13.5 IU/kg, respectively. Both subjects
experienced a small amount of intraoperative blood loss.

Safety

Of the 74 surgical procedures performed, 7 events of ADRs
were reported in 7 procedures (9.5%). Of the 7 ADRs, 3
events were serious ADRs and 4 events were non-serious
ADRs. The serious ADRs included 2 events of the develop-
ment of de novo FVIII inhibitor and 1 event of an increase

Table 3 Five subjects with positive inhibitor prior to registration and their clinical consequences after surgeries

Case Age Weight (kg) Procedure Mode of Latest inhibitor Postoperative Postoperative Outcome Outcome date
performed administra- titer (BU/mL)* titer (BU/mL) day measured inhibitor titer
tion (BU/mL)
1° 4 months 5.7 Spondylodesis® BI only 2.46 1.07 Day 14 0.3 1 year and
8 months
2 4 years 15.6 CcvC BlandCI 7 349 Day 9 1 3 years and
6 months
3 7years 232 CvC BlandCI 29 6.6 Day 5 Not followed — —
up
4 1 year 8.8 CVvC BlandCI 2.4 Not measured — Not followed — —
up
5 17 years 48.2 CVCremoval BlandCI 9.1 25.3 Day 6 Not followed  —
up

BI bolus infusion, CI continuous infusion, BU Bethesda unit, CVC central venous catheterization

*The latest FVIII inhibitor titer prior to registration

®The same patient who developed de novo inhibitor after the first surgery, removal of spinal epidural hematoma

“The second surgery of Case 1
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Table 4 Dose of Advate® during perioperative period in 5 inhibitor-positive subjects at registration

Case Preoperation
dosing

Postoperative days

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Thereafter
1 Preoperation: BI: 175/132  BI: 88/44 BI: 88 (FVIII BI: 44/88 BI: 44/44 BI: 44/44 BI: 44 Day 8, BI: 88
BI 175 15%)%/88 Day 14, 1.07
Postopera- BU
tion: BI 88
2 Preoperation: CI: 8.3 CI: 8.3 CI: 8.3 CI: 8.3 CI: 8.3 BI: 128 BI: 128  Day 8, BI: 128
BI 385, (FVIII Day 9, BI: 128,
followed by~ 53%)° 349 BU
CI8.3
3 One day CI: 6.8 CI: 5.2, CL:5.2 BI: 65/65 BI: 43 - BI: 43 Day 10, BI: 43
before oper-  (FVIII (FVIII 80%)° (FVIII< 1%,
ation: BI 100%)° 6.6 BU)°
151 (FvVIII reduced to
52%)?, fol- 52
lowed by CI
9.0 (FVIII
90%)P,
reduced to
6.8 after
operation
4 Preoperation: CI: 8.4 (FVIII 86%)°¢, (FVIII 64%)°¢, BI: 85/57 BI: 85/57 BI: 85/57 BI: 85/57 Day 9, BI 57
BI 114, fol- (FVIII BI: 85 BI: 85/57 Day 12, BI: 57
lowed by CI  124%)",
8.4 (FVIII reduced to
80%)* 5.6
5 Preoperation: CI: 10 (FVIII CI: 8 CI: 8 CI: 8 CI: 7 CI: 7 - -
BI 311 90%)®, (FVIII 73%)° (FVIII< 1%,
(FVIII reduced reduced 25.3 BU)®
30%)%, to 8 to 7
additional
Bl 41
(FVIII
50%)%,
followed by
CI15

The case number corresponds to that of Table 3

FVIII plasma FVIII activity, BI bolus infusion (IU/kg), CI continuous infusion (IU/kg/hour), BU FVIII inhibitor (BU/mL)

“Plasma sample taken after BI
PPlasma sample taken during CI

“Plasma sample taken before BI

in FVIII inhibitor titers'. The non-serious ADRs were 2
events of anemia, 1 event of postoperative anemia, and 1
event of abnormal liver function. No perioperative death was
reported. No ADRs were considered unexpected.

There were 2 subjects (4-month-old and 22-year-old)
who developed de novo FVIII inhibitor during periopera-
tive treatment with Advate®. The 4-month-old male subject

! The increase in FVIII inhibitor titers was coded into two discrete
serious ADRs (i.e., FVIII inhibition and condition aggravated) by
the sponsor, which was reported in the reexamination application of
Advate® PMS (a special investigation on surgery).
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was a previously untreated patient with severe hemophilia A,
who underwent removal of spinal epidural hematoma (first
surgery). On the day of the surgery, the subject received a
loading bolus dose of 43.9 IU/kg followed by CI (infusion
rate: 5.4 IU/kg/h) until PO day 4 and a daily bolus dose until
PO day 10. On PO day 18 (12 EDs), FVIII inhibitor (2.46
BU/mL) was detected. The second surgery of spondylode-
sis was covered by intermittent BI of Advate® (Case 1 in
Tables 3 and 4). Immune tolerance induction therapy was
then implemented. The inhibitor consequently decreased to
0.3 BU/mL at 20 months after the first surgery. The 22-year-
old male subject with severe hemophilia A had> 151 EDs
with other FVIII products prior to registration. The subject
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had an infected pilonidal cyst, for which debridement and
epidermization were performed. On the day of the surgery,
the subject received two bolus doses of Advate® (42.4 and
14.1 IU/kg), followed by bolus doses of 28 [U/kg for 7 days
and 14 IU/kg for 2 days. On PO day 19 (11 EDs after sur-
gery), FVIII inhibitor (1.94 BU/mL) was detected, which
became undetected spontaneously 17 days later.

Discussion

The present study evaluated the safety and hemostatic effi-
cacy of Advate® in perioperative bleeding management
among 58 Japanese subjects (aged 0-75 years) with con-
genital hemophilia A who underwent a total of 74 surgi-
cal procedures in a real-world postmarketing setting. The
perioperative hemostatic efficacy of Advate® in 73/74 sur-
gical procedures was shown to be effective. The result was
comparable to the results of the previous Advate® surgery
study [10] and to the findings on other commercially avail-
able rFVIII concentrates [17, 18].

Orthopedic surgery was performed most commonly
in this study, accounting for 55.4% (41/74) of all surgical
procedures performed. Total joint arthroplasty accounted
for 56.1% (23/41) of all orthopedic procedures. Given that
77.0% (57/74) of subjects had severe hemophilia A and the
mean (median) age of the subjects was 36.0 (40.5) years,
it can be inferred that these subjects had developed severe
arthropathy during the period when prophylactic treatment
had not been standard care.

The peak level of plasma FVIII> 100% with a trough
above 50-80% during major surgeries is recommended in
the treatment guideline for hemophilia A patients without
inhibitors [19]. The guideline recommends CI for hemo-
static control during major surgical procedures in hemo-
philia patients without inhibitors. In the present study, CI
was applied to 68.9% (51/74) of surgical procedures per-
formed, most of which were orthopedic in nature. CI was
also applied to the majority of vascular surgeries: central
venous catheterization, central venous catheter removal,
and radial arteriorrhaphy. The mean loading bolus dose of
53.4 TU/kg followed by the mean initial CI with 3.8 IU/kg/h
(n=47) would reflect that the treating physicians attempted
to achieve a target plasma FVIII above 100% as stated in
the guideline. Although the type of surgical procedure was
not predefined as major or minor in this study, most surgi-
cal procedures that required CI would have been classified
as major if defined in terms of risk of excessive bleeding
during surgery, whereas 23 procedures treated by BI were
considered to be minor surgeries because only 1 or 2 Bls
were required perioperatively.

Five subjects with a positive FVIII inhibitor at regis-
tration underwent surgery with FVIII replacement dosing

in addition to a neutralizing dose. The large initial bolus
doses (114-385 IU/kg for patients with 2.4-9.1 BU/mL of
inhibitor) were considered to be elected as total replacement
doses including the inhibitor-neutralizing dose (Table 4).
In 4 subjects (Cases 2-5), subsequent CIs started with ini-
tial rates of 8.3—11.5 IU/kg/h, which were higher than the
mean (SD) initial CI rate of 3.8 (0.9) IU/kg/kg in surgeries
of 47 non-inhibitor subjects. Although the rationale for the
higher setting of CI rates during the perioperative phase in
the inhibitor-positive subjects was not recorded by the treat-
ing physicians, a higher rate of CI would be required due to
larger FVIII clearance by the production of inhibitor anti-
body even after neutralization with a large initial dose. The
plasma FVIII levels were kept at 53 to 86% during PO day
1-4, although the available data are sparse and all 4 cases
resulted in effective control of bleeding. It is suggested that
surgeries such as central venous catheterization for patients
with relatively low-titer inhibitors (< 10 BU/mL) could be
managed by a large dose of FVIII replacement therapy. It
should be noted that vigilant plasma FVIII monitoring will
be required in the postoperative hemostatic management
with FVIII, especially for inhibitor-positive patients.

The formation of inhibitory alloantibodies to FVIII is
a major obstacle of hemophilia treatment. Inhibitors are
likely to develop in certain environmental settings such as
intensive FVIII treatment, inflammation, and infection [20].
Inflammation may provoke antibody formation by the con-
current presence of cytokine release arising from injured
tissues, which is considered a ‘danger signal’ [21]. Surgery
can trigger the development of inhibitors, as a danger signal
causing tissue damage and injury during the procedure with
intensive FVIII administration [22]. In severe hemophilia A
patients, inhibitors predominantly occur early in treatment;
during the first 50 EDs. Of 2 de novo inhibitors reported
in the present study, 1 case of 4-month-old severe hemo-
philia A had risk factors: a PUP case (0 ED) at registration
and intensive treatment of > 5 EDs during the perioperative
period. Another case of a 22-year-old developed low-titer
transient inhibitor despite having more than 150 EDs with
other FVIII products at registration but had intensive perio-
perative Advate® administration for 10 days, resulting in
inhibitor formation at 11 EDs with Advate®.

Conclusion

Although the types of surgical procedures performed
were mostly orthopedic in nature, this PMS covered a
wide range of the surgical spectrum, from ophthalmic to
gastroenterological surgeries, and resulted in ratings of
“excellent” or “good” hemostatic efficacy by the treating
physician for all but one surgery. The results demonstrated
that perioperative bleeding control with Advate® is well
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tolerated and effective in Japanese patients with hemo-
philia A in a real-world postmarketing setting.
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