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Summary. Moroctocog alfa (AF-CC) (Xyntha!,
BDDrFVIII) is manufactured by a process designed
to enhance the theoretical viral safety profile
relative to ReFacto", its predecessor, and to
provide alignment with clinical monitoring by the
one-stage clotting assay. To evaluate the efficacy
and safety of B-domain-deleted recombinant factor
VIII (BDDrFVIII) was given as bolus injection (BI)
or continuous infusion (CI) in haemophilia patients
undergoing major surgery. BDDrFVIII was admin-
istered by BI or CI per investigator discretion peri-
operatively for at least 6 days. Thirty patients
enrolled and were treated with at least one dose
of BDDrFVIII. Twenty-five patients were evaluable
for efficacy. Outcomes were favourable against a
background of multiple major surgical procedures.
All haemostatic efficacy ratings were ‘excellent’ or
‘good’. End-of-surgery haemostasis ratings, the
primary efficacy endpoint, were excellent for 72%
(18/25) and good for 28% (7/25) of patients.

Haemostasis ratings following the initial postoper-
ative period were excellent for 92% (23/25) and
good for 8% (2/25) of patients. Intra-operative
blood loss was rated as normal in all patients.
Thirteen patients had postoperative blood loss; in
10, this was rated as normal. A low frequency of
transfusion was reported in both the intra-opera-
tive and postoperative settings. Adverse events
(AEs) were consistent with surgery; three were
considered related to BDDrFVIII. One patient had
a related AE of postoperative haemorrhage. A clin-
ically silent low-titre inhibitor was detected in one
patient, and one patient had a false-positive inhib-
itor titre. This study demonstrates that BDDrFVIII
is safe and efficacious for surgical prophylaxis in
haemophilia A patients undergoing major surgery.
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Introduction

Improvements in the manufacture of recombinant
factor VIII (rFVIII) have been intended to reduce the
risk of transmitting viral infection and to increase
ease of use. Moroctocog alfa (AF-CC) (Xyntha!,
BDDrFVIII) is a B-domain-deleted recombinant

factor VIII (BDDrFVIII) manufactured by a process
that has been modified to enhance the theoretical
viral safety profile relative to predecessor product,
ReFacto" [1].
In addition, the method for assignment of potency

for this preparation of BDDrFVIII has been aligned
with the one-stage clotting assay, thereby harmoniz-
ing the labelled potency of the drug with routine
clinical monitoring using the one-stage clotting assay
[2]. Previous studies have demonstrated that
BDDrFVIII is safe and effective in the prevention
and treatment of haemorrhages and has pharmaco-
kinetic (PK) equivalence to full-length rFVIII [2].
Factor VIII (FVIII) replacement therapy is critical

in maintaining haemostasis in patients with haemo-
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philia A undergoing surgery. This is usually
achieved by administering FVIII concentrate during
the surgical and postsurgical periods, until wound
healing has been completed. Typically, replacement
therapy is administered by bolus injections (BI);
however, reports suggest that administration by
continuous infusion (CI) may be associated with
reduced requirements for FVIII concentrate and less
fluctuation in FVIII activity plasma levels [3–8].
This open-label study was conducted to assess the
safety and efficacy of BDDrFVIII administered by
either BI or CI for the management of surgical
haemostasis in patients with severe and moderately
severe haemophilia A undergoing elective major
surgery.

Materials and methods

This was a phase 3, open-label, multicentre,
prospective study performed at a total of 13 study
sites in seven countries, including the United States,
New Zealand, Russia, Sweden, Austria, Poland and
Romania.
The study was designed in accordance with the

suggestions provided by the Committee for Medic-
inal Products for Human Use (CHMP) of the
European Medicines Agency (EMEA) and conducted
in accordance with the International Conference on
Harmonisation Guideline for Good Clinical Practice
(GCP) and the ethical principles that have their
origins in the Declaration of Helsinki. All patients
provided written informed consent/assent prior to
surgery.

Patients

At least 25 patients were to be enrolled, including 12
to be treated by CI. All patients were to be men
‡12 years of age with severe or moderately severe
haemophilia A undergoing elective major surgery
that was anticipated to require rFVIII infusions with
monitoring for at least 6 days after surgery. Major
surgery was defined as surgery involving open
abdominal, intracranial, orthopaedic, retroperito-
neal, thoracic, pharyngeal, or retropharyngeal
procedures, or invasive dental procedures involving
complicated extractions.
Inclusion criteria included FVIII concentration

(FVIII:C) £2%, negative assays for FVIII inhibitor
at both local and central laboratories at screening, a
negative history of a FVIII inhibitor and ‡150 prior
exposure days to treatment with any FVIII product.
Patients were to have adequate liver and kidney
function, prothrombin time £1.25 times the upper

limit of normal or international normalized ratio
£1.5 and an absolute CD4 count >200 cells lL)1.
Patients being treated for human immunodeficiency
virus (HIV) had to be on a stable antiviral regimen.
Exclusion criteria included a bleeding disorder in
addition to haemophilia A, regular use of antifibrin-
olytic agents or other agents known to influence
platelet function and concomitant therapy with
immunosuppressive drugs.

Study design and treatment

Patients were designated to receive BDDrFVIII by
either BI or CI by the investigator at screening based
on investigator preference and local treatment prac-
tices. At baseline (approximately 4 weeks before
surgery), following a 3-day washout of all FVIII
products, a 50 IU kg)1 infusion of BDDrFVIII was
administered for a recovery assessment in BI patients
and for PK assessment in CI patients to estimate
recovery and clearance rate, respectively. Investiga-
tors reported their target FVIII activity level for
surgery and used results from the baseline assess-
ments to plan the initial BDDrFVIII dose and
injection frequency (BI) or infusion rate (CI). Patients
returned to their usual FVIII replacement therapy
regimen after this assessment until the day of surgery.
On the day of surgery, all patients received a bolus

loading dose of BDDrFVIII to achieve the previously
planned target plasma level of FVIII:C. Blood sam-
ples were obtained before and after the loading dose
to determine levels of FVIII:C. Patients treated by CI
began a BDDrFVIII infusion approximately 30 min
after the start of the loading dose. Supplemental
bolus doses (BI and CI) or rate adjustments (CI)
could be made during the intra-operative period to
account for possible variation in recovery and/or to
account for individual variation from the expected
clearance if needed, based on subsequent determina-
tions of FVIII:C.
For administration by CI, BDDrFVIII was pre-

pared based upon the results from Neidhardt et al.
[9]. Large volume preparations were prepared with a
final BDDrFVIII concentration of ‡10 IU mL)1

resuspended in either 5% dextrose solution or
normal saline, with minimum flow rates of 6 or
20 mL h)1 respectively. Small doses of heparin
(2–6 IU heparin mL)1 of infusate) could be added
to the solution to assist the administration of CI.
Patients received BDDrFVIII for ‡6 consecutive

postoperative days (initial postoperative period) by
BI or CI depending on the investigator-assigned
treatment. Inpatient postoperative care had to be
‡2 days for BI patients and ‡6 days for CI patients;
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daily assessments at the study site were required
during the first 6 days after surgery for all patients.
During the initial postoperative period, preinfu-

sion blood samples for FVIII:C were obtained
approximately 15 min before BI at least once daily.
For CI patients, FVIII:C was measured and recorded
each day during infusion. If FVIII:C did not
sufficiently approximate the target level, additional
BI could be administered for BI patients, or for
CI patients, the infusion rate could be adjusted
accordingly. For CI patients, supplemental BIs
could be used in conjunction with CI at the
investigator’s discretion to acutely correct the
FVIII:C to the predetermined target level. Any
bleeding episodes occurring during either the initial
(first 6 postoperative days or period until discharge,
whichever occurred later) or final postoperative
period (remainder of treatment period up to a total
of 6 weeks) were to be treated with an on-demand
infusion(s) of BDDrFVIII.
During the final postoperative period, patients

could continue postsurgical treatment with
BDDrFVIII administered by BI on an outpatient
basis for a total of up to 6 weeks. The final study visit
was conducted at the end of this period, after which
the patients could return to their respective pre-
surgical regimens of commercially available FVIII
replacement therapy. Approximately 4 weeks after
the final visit, the patient completed the study
activities with a final study contact.

Endpoints and assessments

The primary endpoint was haemostatic efficacy
during the surgical procedure through 1 h after
surgery completion (referred to as end of surgery),
as assessed by the investigator or surgeon. The
assessment was based on comparison to experience
with similar patients undergoing similar procedures,
using the four-point Surgical Hemostasis Efficacy
Rating Scale (Table 1).

Secondary efficacy endpoints were the four-point
Surgical Hemostasis Efficacy Scale rating as assessed
on postoperative day 7 for previously discharged BI
patients or the day of hospital discharge for other
patients; the total consumption of BDDrFVIII and
consumption per bleeding event; the number of
bleeding episodes and the efficacy of BDDrFVIII in
treating the episode using a previously described
four-point scale [2]; the comparison of the predicted
and actual blood loss and transfusions and the PK of
BDDrFVIII in the patient population. Investigators
predicted and recorded estimates of intra-operative
blood loss and intra-operative transfusion needs
preoperatively based on the assumption that surgery
would be completed without major complications;
blood loss was rated as ‘normal’ or ‘abnormal’.
Information about infusions of study drug, bleeding
episodes (categorized as spontaneous or traumatic;
expected surgical blood loss was not included in
characterizing bleeding episodes), blood loss and
transfusions was recorded intra-operatively and
throughout the trial in medical records and patient
diaries.
The incidence of less-than-expected therapeutic

effect (LETE) was also evaluated in the prophylactic,
on-demand and low recovery settings. Definitions of
LETE in these specific circumstances have been
previously described [2].
Assessment of FVIII:C for preoperative planning

and to monitor intra-operative and postoperative
dosing was performed using assays for FVIII:C
activity performed at the local institution. Specimens
for central laboratory measurements of FVIII:C,
using the one-stage clotting assay, were collected in
parallel, analysed and used for analysis of PK
parameters. For BI patients, the FVIII recovery study
was performed with blood samples for FVIII activity
taken within 2 h before and 15 min, 30 min and 1 h
after infusion of a dose of approximately 50 IU kg)1

of BDDrFVIII. For CI patients, PK parameters were
calculated to determine FVIII recovery and clearance
via blood samples drawn within 2 h before and
15 min, 30 min, and 1, 3, 6, 9, 24, 28, 32 and 48 h
after infusion of a dose of approximately 50 IU kg)1

of BDDrFVIII.
Safety evaluations included recording of adverse

events (AEs) [AEs and haemophilia events (AEs
uniquely related to the condition of haemophilia or
the direct consequence of a bleeding episode)] and
concomitant treatments, physical examinations with
measurements of vital signs and laboratory evalua-
tions. Immunogenicity testing was performed by a
central laboratory (Covance Laboratories, Chantilly,
VA, USA) on samples obtained at screening, baseline,

Table 1. Surgical haemostasis efficacy rating scale.

Rating Criteria

Excellent Achieved haemostasis comparable to that expected
after similar surgery in a patient without
haemophilia

Good Prolonged time to haemostasis, with somewhat
increased bleeding compared with that expected
after similar surgery in a patient without
haemophilia

Moderate Obviously delayed haemostasis, but manageable
with additional infusions

None No haemostatic response
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day of surgery and final postoperative visits. Assess-
ment of the presence of activity-neutralizing anti-
bodies against FVIII (inhibitors) was performed using
the Nijmegen modification of the Bethesda inhibitor
assay and a normal plasma test base and reported in
Bethesda Units (BU); a patient was considered to
have developed a positive FVIII inhibitor if he had a
titre of ‡0.6 BU mL)1 in a sample assayed at the
central laboratory using the Nijmegen assay after
receiving study drug. Specimens testing positive for
inhibitor by Nijmegen assay were then tested by
Bethesda assay against a plasma-derived FVIII test
base and against a BDDrFVIII test base. Serum
samples were also tested for the development of
antibodies to BDDrFVIII; TN8.2, the affinity ligand
used in purification of BDDrFVIII and CHO cell
proteins derived from the cell line used in the
manufacture of BDDrFVIII, using a validated
enzyme-linked immunosorbent assay (ELISA).

Statistical analysis

All safety analyses were performed on the intent-
to-treat (ITT) population, which included all en-
rolled patients who received ‡1 dose of study drug.
The efficacy evaluable population, which was used
for analyses of the primary and secondary efficacy
endpoints, was the subset of ITT patients that met
eligibility criteria, had a major surgical procedure,
had study drug administered over a period of ‡6 days
after surgery, had an efficacy assessment of study
drug use in support of surgery and did not have a
major protocol violation. Efficacy data on and
subsequent to the date of inhibitor development
were not included in efficacy analyses.
All efficacy and safety endpoints were summarized

with descriptive statistics as appropriate. For contin-
uous variables, number, mean, standard deviation
(SD), median, minimum and maximum were pro-
vided. For categorical variables, frequency and per-
centage are presented for each category. Missing data
were not imputed. The sample size was based on
clinical rather than statistical considerations and is
consistent with a sample size suggested by regulatory
authorities.

Results

Patients

Thirty patients enrolled (22 BI, 8 CI) were treated
with ‡1 dose of BDDrFVIII and were included in the
ITT population. A total of 29 patients underwent
surgery and completed the study; the remaining

patient withdrew for personal reasons before surgery
but had baseline PK determinations. Twenty-five
patients met the criteria for inclusion in the efficacy
evaluable population. Reasons for exclusion from
this population were inhibitor development before
surgery in one patient, protocol violations in three
patients (administration of autologous fresh frozen
plasma during the surgical procedure) and termina-
tion from the study prior to surgery in one patient.
Median patient age was 34.5 years (range, 18–53).

Demographical and baseline illness characteristics
were generally similar between treatment groups,
except for a greater proportional representation of
severe disease (FVIII:C £ 1%) in the BI patient
population (Table 2).
Most surgical procedures were orthopaedic; for

the efficacy evaluable population, the most common
was the total joint replacements in 12 (48%) patients
(11 total knee replacements and one hip replace-
ment) and knee/elbow synovectomies in five (20%)
patients.

Concomitant treatment

During the study, 29 of 30 (96.7%) patients used
concomitant medications; most were those
commonly used in the surgical setting. Non-study
drug FVIII concentrates were used by 14 patients
(46.7%). This largely reflects FVIII replacement
therapy during the screening period and subsequent
to the final visit, when patients used commercial

Table 2. Baseline demographics and clinical characteristics, all
patients.

Bolus injection,
n = 22

Continuous
infusion, n = 8

Total,
n = 30

Age, mean years 35.05 38.13 35.87
Male, n (%) 22 (100.0) 8 (100.0) 30 (100.0)
White race, n (%) 22 (100.0) 8 (100.0) 30 (100.0)
Weight, mean kg 76.68 75.99 76.50
Previous exposure
days ‡150, n (%)

22 (100.0) 8 (100.0) 30 (100.0)

Haemophilia severity, n (%)
£1% 17 (77.3) 3 (37.5) 20 (66.7)
>1% to £2% 5 (22.7) 5 (62.5) 10 (33.3)

Target joints, n (%)
No 3 (13.6) 0 3 (10.0)
Yes 19 (86.4) 8 (100) 27 (90.0)

HIV status, n (%)
Negative 19 (86.4) 7 (87.5) 26 (86.7)
Reactive 3 (13.6) 1 (12.5) 4 (13.3)

HCV status, n (%)
Negative 3 (13.6) 1 (12.5) 4 (13.3)
Reactive 19 (86.4) 7 (87.5) 26 (86.7)

HIV, human immunodeficiency virus; HCV, hepatitis C virus.

4 J. WINDYGA et al.

Haemophilia (2010), 1–9 # 2010 Blackwell Publishing Ltd



FVIII concentrate of their choice. At variance
with protocol-specified procedures, one patient
administered on-demand infusions of commercially
available rFVIII on two occasions during the final
postoperative period, once for the treatment of a
haemorrhage, and once for physiotherapy. Antifibri-
nolytics were used by two patients (aminocaproic
acid for 4 days and cyclokapron for 1 day; n = 1
patient each). Pharmacotherapy for systemic throm-
boprophylaxis was not administered to study
patients. Heparin flush was used for two BI patients
at one study site (surgical procedures: arthroscopic
synovectomy of the elbow) to establish and maintain
patency of peripherally inserted central catheter
lines.

FVIII consumption

Extent of exposure to BDDrFVIII for the ITT
population is described in Table 3. Among the ITT
patients, the median total dose was 83 002 IU (range
36 500–231 044 IU) for the BI patients and
74 311 IU (range 4405–96 251 IU) for the CI
patients. BI patients received a median dose of
25.5 IU kg)1 (range 8.4–72.9 IU kg)1) per infusion
over a median of 43 (range 16–72) infusions. CI
patients received a mean ± SD rate of 3.7 ±
0.9 IU kg)1 h)1 during the intra-operative period
and 2.8 ± 0.9 IU kg)1 h)1 in the initial postoperative
period. In addition, during the final postoperative
period, all CI patients received a median BI dose of
13 IU kg)1 (range 5.6–47.2 IU kg)1) over a median
of 17 (range 13–29) infusions. Exposure data were

similar for the 25 patients who were evaluable for
efficacy; the median total dose was 90 841 IU (range
36 500–231 044 IU) for the BI patients and
68 621 IU (range 50 854–96 251 IU) for the CI
patients. Owing to the non-random designation of
patients to respective treatment groups and the
limited patient numbers in the CI group, no formal
comparison of consumption is possible.
Two BI patients had a supplemental intra-opera-

tive dose of BDDrFVIII prompted by local laboratory
FVIII:C measurements below the predetermined
target FVIII:C level. For each CI patient, the initial
rate of CI was informed by the respective study site
standard of care rather than the clearance calculated
from the patient’s baseline PK assessment. All CI of
BDDrFVIII were administered by large volume
preparation, for six patients (all at one study site)
using normal saline and for one patient (at another
study site) using 5% dextrose in water (D5W) for
BDDrFVIII resuspension. For each CI patient, there
was at least one occasion in which the infusion
concentration of BDDrFVIII was lower than the
protocol-specified limit (10 IU mL)1). For five CI
patients (all administered normal saline solution), the
infusion rate was less than the protocol-specified
limit (20 mL h)1) on at least one occasion.

Efficacy

Target FVIII:C levels in support of the surgical
procedure ranged from 1.0 to 1.5 IU mL)1, reflecting
the varying local treatment practices of the respective
study sites. The median presurgical BDDrFVIII dose
was 50.6 IU kg)1 (range: 22.9–77.7 IU kg)1). The
resultant median postinfusion FVIII:C was
0.97 IU mL)1 (range: 0.592–1.574 IU mL)1), with
five of 25 patients having preinfusion FVIII:C values
of ‡0.03 IU mL)1. These data are consistent with the
results predicted by the baseline K-values.
All haemostatic efficacy ratings were reported as

excellent or good during the intra-operative period,
and similar results were reported for efficacy ratings
at the end of the initial postoperative period (Fig. 1).
The percentage of evaluable (BI and CI combined)
patients with a rating of excellent was 72% in the
intra-operative period and 92% at day 7/day of
discharge.
Intra-operative blood loss was reported in 24 of

the 25 efficacy evaluable patients; for all patients,
blood loss was rated as normal (Fig. 2). In 20 of 25
patients, intra-operative blood loss was less than or
equal to the volume predicted preoperatively. Thir-
teen patients had postoperative blood loss; in 10
cases, the blood loss was rated as normal. Of those

Table 3. BDDrFVIII exposure, all patients.

BI, n = 22 CI, n = 8*

Total units (IU per patient)
Mean 92 608 66 247
Median 83 002 74 311
Range 36 500–231 044 4405*–96 251

Surgical dose, IU kg)1 per infusion)1 – median (range)
Preoperative 49.3 (21.3–72.9) 49.8 (22.9–52.2)
Intra-operative 25.8 (23.6–27.9) N/A
Initial postoperative 30.4 (8.4–70.5) N/A
Final postoperative 23.4 (8.4–58.3) 13.0 (5.6–47.2)

Continuous infusion rate, IU kg )1h)1 per patient – mean ± SD
Intra-operative N/A 3.7 ± 0.9
Initial postoperative N/A 2.8 ± 0.9

Exposure days/patient
Mean ± SD 31.0 ± 7.2 25.5 ± 11.4
Median 33 29
Range 15–40 1*–37

BI, bolus injection; CI, continuous infusion; N/A, not applicable.
*Includes one patient who only underwent a PK assessment and
did not undergo a surgical procedure.
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rated as abnormal, one followed surgical trauma to
the epigastric artery, one was because of an 800 mL
blood loss after hip replacement surgery and one
occurred after an elbow synovectomy in which the
lost blood was absorbed into the surgical dressing
and could not be quantified by the investigator.
Of the nine patients predicted to require red blood

cell (RBC) transfusions during the intra-operative
period, only one received a transfusion. Two patients
predicted not to require intra-operative RBC trans-
fusion received transfusions with packed RBCs; for
both, blood loss was reported as normal. During the

postoperative period, three patients received RBC
transfusions, including the patient who had surgical
trauma to the epigastric artery, and one patient
received fresh frozen plasma.
A total of 10 bleeding episodes in seven patients

were reported in the postoperative setting and
required on-demand treatment with BDDrFVIII.
The range of infusion doses was 12.2–49.9 IU kg)1

with a median dose among BI patients of
24.4 IU kg)1 and a median dose among CI patients
of 19.7 IU kg)1. Seven cases were due to injury, in
three instances affecting the joint that had undergone
surgery, and three cases were spontaneous. Nine
episodes were treated and resolved with a single
infusion of study drug, and one bleeding episode of
traumatic origin required a second infusion. All but
one of these episodes occurred during the final
outpatient postoperative period. Response ratings
to the initial BDDrFVIII infusion to treat the episode
were excellent or good for all haemorrhages.
There were two true events of LETE (i.e., in the

absence of confounding factors), both in the
prophylactic setting with spontaneous bleeding with-
in 48 h of a prophylactic dose of BDDrFVIII. In one
patient, the investigator reported at the final postop-
erative visit that there had been a spontaneous soft

Fig. 1. Surgical haemostasis efficacy ratings, efficacy evaluable
population.

Fig. 2. Blood loss, efficacy evaluable population. All blood loss rated as normal unless otherwise indicated. *Postoperative blood loss rated
abnormal but volume could not be quantified. **Occured during the intraoperative period. !Postoperative blood loss rated abnormal due
to hemorrhage following surgical trauma to epigastric artery. "Postoperative blood loss rated abnormal.
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tissue bleeding episode 33.9 h after a prophylatic
infusion of BDDrFVIII. The second patient had a
spontaneous bleeding episode of the right hip 1 day
after total knee replacement while receiving treat-
ment by CI. Steady-state FVIII:C was 100% and
104% by the local and central laboratories respec-
tively. The bleeding episode was not treated with any
BI of study drug. The patient required no additional
transfusions. Haemostatic efficacy assessment at the
conclusion of the initial postoperative period had
been reported as excellent.

Pharmacokinetics

PK data were available for all 30 patients. For both
BI and CI patients, the mean ± SD K-value was
2.11 ± 0.43 IU dL)1 per IU kg)1, and the
mean ± SD in vivo recovery value was 101 ± 20%.
For CI patients undergoing full PK assessments, the
mean plasma FVIII:C-vs.-time profiles increased
sharply after intravenous infusion of BDDrFVIII.
After the end of the infusion, the decline of FVIII:C
exhibited biphasic disposition characteristics with
relatively rapid but limited distribution into an
extravascular space followed by a slow elimination
phase with a mean ± SD t! of 16.7 ± 5.4 h.

Safety

Adverse events. There were no reported AEs of
allergic reaction or thrombosis. AEs occurring in
>10% (>3 patients) of the study population were
fever in 13 (43.3%), local reaction to procedure
(postoperative pain in the operative wound) in 11
(36.7%), anaemia in nine (30%), infection in five
(16.7%) and headache and nausea in four patients
each (13.3%). AEs considered to be related to
BDDrFVIII were one event of haemorrhage and one
event of a false-positive inhibitor, both in the same
patient, and one event of FVIII inhibitor develop-
ment in a second patient. Both events were reported
by the respective investigators as FVIII inhibition.
Seven serious AEs (fever, postoperative haemor-
rhage, accidental injury, cough increased, cellulitis
and both events of FVIII inhibition) were reported in
five patients. All except FVIII inhibition were con-
sidered unrelated to BDDrFVIII and resolved. The
two reported instances of FVIII inhibition are
discussed below. There were no changes in labora-
tory values that were considered to be related to
BDDrFVIII. Unexpected bleeding in the postopera-
tive period was reported as an AE for two patients.
Both events (abnormal bleeding following surgical
trauma to the epigastric artery and unquantifiable

blood loss into the surgical dressing after an arthro-
scopic synovectomy of the elbow) were discussed
above.

Immunogenicity. Positive inhibitor results by
Nijmegen assay were reported (by the central labora-
tory) for two patients, one of which had a true
inhibitor under complex clinical circumstances and
the other a false positive without clinical sequelae.
The true inhibitor was detected in a patient who
tested negative for inhibitors at screening and base-
line, but subsequently had a low-titre inhibitor
(0.9 BU mL)1) detected preoperatively by the central
laboratory. Prior to inhibitor onset, he had one
dose of BDDrFVIII for the PK study dose at the time
of his baseline assessment. Between the baseline
assessment and the time of his surgery when the
initial positive preoperative inhibitor was detected,
the patient had 3 days of treatment with commer-
cially available plasma-derived FVIII to successfully
control a haemorrhage. As central laboratory results
of the preoperative blood draw were not available
until after surgery, the patient underwent a surgical
knee synovectomy as planned. The patient was
administered BDDrFVIII by BI for a total con-
sumption of 66 920 IU. The patient’s preinhibitor
baseline K-value was 1.96 IU dL)1 per IU kg)1.
Postinhibitor (prior to surgery), the patient’s K-value
was 1.25 IU dL)1 per IU kg)1. Efficacy ratings
were excellent at end of surgery and at postoperative
day 7/day of discharge, blood loss was rated normal
and the patient had no transfusion or bleeding
episode. At the final postoperative visit, the FVIII
inhibitor titre was 1.51 BU mL)1 as determined by
the central laboratory, and 1 BU mL)1 at final contact
as determined by the local laboratory.
The second patient had a false-positive low-titre

result (by central laboratory Nijmegen assay) at the
final study visit. This low-titre FVIII inhibitor of
0.63 BU mL)1 was reported by the central labora-
tory (Nijmegen result), while the same specimen
tested negative in the central laboratory against
plasma-derived FVIII test base and against
BDDrFVIII test base, indicating that the positive
Nijmegen assay result was spurious. In addition, the
paired local laboratory FVIII inhibitor result from
this visit was also negative. At 2-month follow-up,
the local laboratory reported a titre of 0.47 BU mL)1

(defined as a negative result) and the central labora-
tory reported a titre of 0.0 BU mL)1. The ELISA
result from the final visit, when the isolated spurious
low-titre inhibitor was noted, was negative for an
immune response to BDDrFVIII, confirming the
false-positive designation of this result.
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One patient developed anti-BDDrFVIII antibodies
that were considered a positive immune response by
ELISA at the final postoperative visit; there was no
inhibitor development reported in this patient. One
patient developed anti-CHO antibodies that were
considered a positive immune response by ELISA at
the final postoperative visit, with no reported asso-
ciated allergic reaction. One patient had anti-TN8.2
antibodies at study entry but did not have an immune
response following treatment with BDDrFVIII. These
findings in the absence of symptoms or other
evidence of FVIII neutralizing antibodies are of
unknown clinical significance.

Discussion

In this prospective clinical trial of patients undergo-
ing elective major surgery, BDDrFVIII given by either
BI or CI resulted in excellent haemostasis in most
patients and good haemostasis in the remainder.
Blood loss was rated as normal during the intra-
operative period in all patients, and in the postop-
erative period, abnormal bleeding was rare. Few
patients required transfusions either intra-operatively
or postoperatively. Median total BDDrFVIII con-
sumption per patient (by ITT analysis) was
83 002 IU for BI and 74 311 IU for CI. BDDrFVIII
was safe and well-tolerated, with a persistent low-
titre inhibitor detected in one patient and a transient
false-positive inhibitor detected in another patient.
The central laboratory mean ± SD K-value of
BDDrFVIII (2.11 ± 0.43 IU dL)1 per IU kg)1)
aligned with prior experience (2.35 ± 0.47 IU dL)1

per IU kg)1) [2].
Findings in this study expand the published

evidence that BDDrFVIII is safe and effective in the
management of patients with haemophilia. Results
from this study are consistent with published expe-
rience using the predecessor BDDrFVIII ReFacto
product. In a prospective, multinational study of 38
previously treated or untreated patients undergoing
48 major or minor surgical procedures, patients were
treated preoperatively with ReFacto to attain a
target level of 0.5–1.0 IU mL)1 for major and
0.2–0.5 IU mL)1 for minor surgery [10]. During
the peri-operative period, the mean dose per surgical
procedure was 62 IU kg)1, and a total of 1759
infusions were given over a median period of
20 days. Surgical procedures were major in 31 cases.
Haemostasis was rated excellent or good by the
surgeon for 99.6% of infusions given either intra-
operatively or postoperatively. Blood loss and trans-
fusion requirements were not greater than would be
expected for patients without haemophilia.

In a retrospective study of 16 patients with
haemophilia who had major surgical procedures
and were treated with ReFacto, all patients were
treated with preoperative BI followed by CI for a
period of 5–21 days [11]. Intra-operative haemo-
stasis was rated excellent or good in 12 (75%) of
patients, and moderate in the remainder; there was
no evidence of insufficient FVIII levels in patients
with moderate ratings. Intra-operative blood loss
was considered normal. Transfusions were required
for bleeding episodes in 20% of patients. Reasons for
the increased transfusion frequency and a greater
proportion of moderate ratings in that report of
treatment with predecessor product are unclear.
Administration of BDDrFVIII by BI is most com-

monly used to manage haemophilia patients under-
going surgical procedures and is considered the
standard of care. However, adjusted-dose CI has
been proposed to offer advantages over BI by
preventing both wasteful high FVIII peaks and
sub-therapeutic FVIII concentrations [3–8]. Data
from non-randomized studies suggest a lower inci-
dence of decreases in haemoglobin and fewer trans-
fusions in patients treated by CI [3]. BDDrFVIII has
been demonstrated to be stable in vitro in simulated
CI conditions [9]. This study provides initial, albeit
limited, data regarding administration of BDDrFVIII
by CI. Although BDDrFVIII was successfully admin-
istered by CI in large volume preparations, the
requisite 20 mL h)1 minimum infusion rate when
resuspended in normal saline was not easily main-
tained; however, this had no apparent impact on
clinical efficacy outcomes. Preparing BDDrFVIII for
CI in D5W permits a minimum flow rate of 6 mL h)1

without excessive adsorption loss to tubing surfaces
[9] and therefore provides greater flexibility.
Although efficacy results were encouraging, addi-
tional experience would be required to support any
definitive conclusions regarding administration by CI.
A high incidence of thromboembolic disease is

known to be associated with knee and hip joint
replacement surgery in non-haemophilic patients
[12,13]. Despite the high proportion of joint replace-
ment procedures in this study and the absence of
pharmacological systemic thrombophrophylaxis, no
instances of symptomatic thrombosis were observed.
Potential explanations include the use of non-phar-
macological/mechanical measures in a subset of
patients (e.g., antiembolic stockings) and a younger
patient population than might usually experience
replacement surgery. An incidence of transfusions in
joint replacement surgery as high as 67% has been
reported in general patient populations [14]. In the
current study, 4 of 12 (33%) patients who under-
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went joint replacement surgery required transfusions
in the intra-operative or postoperative period; pro-
viding additional evidence for the clinical efficacy of
FVIII replacement with BDDrFVIII in the surgical
setting.
The development of FVIII inhibitors is a serious

complication of treatment with FVIII. Treatment-
related risk factors for inhibitor development include
surgery and a period of intensive treatment, which are
hypothesized to increase risk by creating an inflam-
matory state [15–17]. It has been suggested that
treatment using CI may increase this risk [18]. In the
current study, one patient treated by BI developed a
low-titre inhibitor after exposure to a single dose of
study drug preoperatively followed by his usual
replacement therapy over 3 days; the low-titre inhib-
itor was present at final follow-up in this patient. In a
second patient treated by BI, a transient false-positive
inhibitor was reported at the final study visit.
In conclusion, the findings of this study provide

additional evidence that BDDrFVIII is efficacious for
surgical prophylaxis in haemophilia A patients
undergoing major surgery when administered either
by intravenous bolus or CI. BDDrFVIII is associated
with a favourable safety profile and low frequency of
immune response.
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