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The mainstay of treatment for patients with hemophilia A is replacement
with either plasma-derived or recombinant (r) coagulation factor (F)VIII. As
compared with whole plasma, plasma-derived FVIII concentrates clearly
improved the clinical outcome for patients with hemophilia A; however, their
use was associated with the transmission of blood-borne viruses such as
hepatitis B and C virus and HIV, and prompted the introduction into clinical
use of biotechnologically engineered recombinant clotting factor concentrates, with a much lower theoretical risk of transfusion-associated infections.
Continued efforts to further improve safety have led to the introduction of
newer generations of rFVIII, with each subsequent generation representing
an incremental step with regard to pathogen safety. Between 1980 and 1985,
research demonstrated that removing the middle portion (the B-domain)
of wild-type FVIII protein had no detrimental effect on its procoagulant
activity as assessed in vitro. This finding was the basis for the development of a recombinant B‑domain-deleted FVIII (BDDrFVIII), moroctocog
alfa (ReFacto®). Moroctocog alfa albumin-free cell culture (ReFacto AF® in
Europe, Xyntha® in the USA) has been developed as a successor to ReFacto.
The aim of this article is to describe the clinical evidence about moroctocog
alfa and moroctocog alfa albumin-free cell culture.
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Hemophilia A is a genetic disease, resulting in a deficiency of coagulation factor
(F)VIII. It occurs in approximately one out of 5–10,000 male live births [1,2] . The
mainstay of treatment for patients with hemophilia A is replacement therapy with
either plasma-derived (pd) or recombinant (r) FVIII concentrates [3] , which were
shown to clearly improve the clinical outcome for patients with hemophilia A
until the mid 1980s [4–7] . Until then, the concentrates were produced exclusively
from human plasma (Figure 1) , without adoption of effective measures to prevent
transmission of blood-borne pathogens [3] , so that their use was associated with the
transmission of blood-borne viruses, such as hepatitis B and C beginning in the
early 1980s, and HIV [8] . Although after 1985 the advances in the pd concentrate
production process have resulted in improved safety, and no new case of infection
has been reported, highly thermoresistant viruses, prions (associated with variant
Creutzfeld-Jacob Disease) or new pathogens might still be on a theoretical plan
transmitted by this class of products [4,6,9–11] .
The clinical introduction of biotechnologically engineered recombinant clotting factor concentrates has virtually eliminated the risk of transfusion-associated
infections. This notwithstanding, since the cell line producing the protein is
susceptible to infections, continued efforts to improve safety have led to the
introduction of newer generations of rFVIII, with each subsequent generation
representing an incremental step with regard to pathogen safety. The first generation of rFVIII products contained human serum albumin as a stabilizer in
the final formulation [12] . Albumin has been eliminated from the vials of the
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Mid 1960s

• Cryoprecipitate

1970s

• Low-purity pdFVIII
• Donor/plasma screening for HBV concentrates

Early 1980s

• Viral inactivation through heat treatment

Mid 1980s

• Intermediate-purity concentrates
• HIV screening
• Heat-treated concentrates widely available

Late 1980s

• High-purity concentrates
• Viral partitioning via chromatography steps
• Solvent/detergent available

Early 1990s

• rFVIII available
• HCV screening

Late 1990s

• rFIX available
• Nanofiltration

Early 2000s

• Manufacturing changes for rFVIII products

Late 2000s

• Manufacturing changes to rFVIII products

Figure 1. Major steps in the progress of hemophilia treatment.

second-generation products, but human and/or animal protein components were still used in the cell
culture processes [13,14] . In third-generation products,
all exogenous human- and animal-derived proteins
have been removed from the whole process, with the
exception of murine monoclonal antibodies, which
continued to be used for immunoaffinity purification
of rFVIII [15] .
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B-domain-deleted rFVIII

■■ From the laboratory to the clinic

Between 1980 and 1985, research demonstrated that
removing the middle portion (the B-domain) of a
pdFVIII protein had no negative effect on its activity
as assessed in vitro [16] . In vivo testing in hemophilic
dogs demonstrated that pharmacokinetic parameters
remained essentially unchanged when compared with the
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full-length protein [17] . This finding was the basis for the
development of a recombinant B‑domain-deleted FVIII
(BDDrFVIII), named moroctocog alfa (ReFacto®). The
recombinant molecule lacks all but 14 amino acids of
the B-domain. The active component in moroctocog
alfa is synthesized by a genetically engineered CHO cell
line. To create the production cell line, the BDDrFVIII
gene, encoding the 170-kDa moroctocog alfa primary
translation product, was cloned into a mammalian cell
expression vector containing a strong viral enhancer and
promoter, and transcriptional termination and polyadenylation sequences derived from the human tissue-type
plasminogen activator gene [18] . In addition, a second
vector was designed to express the mouse DHFR gene,
which was used as a selectable, amplifiable marker gene.
These two expression vectors were cotransfected into
the DHFR-deficient CHO cell line. After selection in
nucleoside-free medium, transformants were subjected
to methotrexate-induced gene amplification, resulting
in amplification of the mouse DHFR and BDDrFVIII
genes. The engineered cell line was cultured in a human
serum albumin-rich medium to produce the active molecule. This was subsequently purified from the supernatant by chromatography utilizing a mouse monoclonal
antibody and stabilized in the final formulation with
sucrose, thereby qualifying ReFacto as a second-generation rFVIII since the beginning. Moroctocog alfa
albumin-free cell culture (AF‑CC) has been developed
as a successor to ReFacto by eliminating albumin from
the cell culture medium. Furthermore, in its manufacturing process, the synthetic peptide affinity ligand
TN8.2 replaces the murine monoclonal antibody used
for the affinity chromatography step for moroctocog alfa
and all other currently available rFVIII concentrates,
and a 35 nm micropore nanofiltration is added as a virus
removal step, expanding upon the viral-safety program
currently in use for moroctocog alfa (Figure 2) [19] .
Moroctocog alfa (AF‑CC) is available for clinical use
employing two different potency assignment processes.
One has been developed for the USA, Canada and other
FDA-based regions of the world, with potency assignment aligned to the one-stage FVIII activity assay. This
product is identified by the trade name Xyntha®. The
other, identified as ReFacto AF®, has been developed for
the EU and the other EMA-dependent regions of the
world in agreement with the European Pharmacopoeia,
with potency assignment aligned to the chromogenic
substrate FVIII activity assay.
■■ Moroctocog alfa
Pharmacokinetics

During the licensing process of moroctocog alfa in 1999,
a set of studies demonstrated the efficacy, safety and pharmacokinetic characteristics of moroctocog alfa [20–22] .
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The two studies by Courter and Bedrosian were mainly
focused on the clinical evaluation, while Kessler et al., in
a three-way crossover design study, compared the pharmacokinetic parameters of two moroctocog alfa formulations (one reconstituted with 5 ml of sterile water, the
other reconstituted with 4 ml sodium chloride 0.9%)
with those of a pd, full length FVIII preparation (Hemofil
M; Baxter, IL, USA), in patients with hemophilia A, to
determine bioequivalence of the two products [20] . A total
of 18 severe hemophilia A patients with a mean age of
26 years completed the study. Results from this study
demonstrated bioequivalence of the two moroctocog
alfa formulations, which were found to be bioequivalent
to Hemofil M. These three studies were then included
in a meta-analysis by Gruppo et al. [23] , suggesting an
inferior pharmacokinetic profile for moroctocog alfa in
comparison with full-length products. Subsequently, data
inclusion criteria and statistical methods employed in
this meta-analysis were widely debated. Different authors
pointed out the heterogeneity of the extracted data [24,25] ,
the opportunity choice of the outcome of interest [26] ,
and the comparability of pharmacokinetic results based
on one-stage assay methodology [24] . Mikaelsson [27] and
Brown et al. [25] noted that the meta-analysis included
both hemophilia A and B in the full-length group. Van
der Bom et al. [26] noted that the analysis by Gruppo et al.
had as a principal outcome the mean yearly number of
bleeds and included 13 observational studies (three for
moroctocog alfa and 10 for full-length FVIII). Two of
three moroctocog alfa studies for a total of 170 out of
245 patients and four of ten full-length studies for a total
of 85 out of 324 patients reported mean annual bleeds.
For the other studies, the authors ‘adjusted’ the reported
median values to mean values by using a conversion factor of 2.6. Van der Bom et al. suggested that this factor is
rather high and thus the conclusions of the meta-analysis
were possibly unreliable [26] .
Finally Di Paola et al. compared the pharmacokinetic
characteristics of moroctocog alfa with that of full length
rFVIII (FLvFVIII; octocog alfa; Advate; Baxter) [28] .
Eighteen severe hemophilia A patients aged 18–72 years
were enrolled, 17 of which were included in the pharmacokinetic analysis. Results from the pharmacokinetic
evaluation of the two products, using the chromogenic
substrate assay, demonstrated that moroctocog alfa and
octocog alfa are bioequivalent (Table 1) .
Laboratory assessment

After moroctocog alfa marketing, it quickly became evident that the one-stage clotting assay underestimates
by up to 40% the plasma levels of FVIII after the infusion of moroctocog alfa in patients with hemophilia [29] .
A deeper insight into the recovery discrepancy found
between moroctocog alfa and wild-type FVIII came

Clin. Invest. (2011) 1(2)

307

Review: Clinical Trial Outcomes

Marchesini, Prisco & Iorio

Adapted to albumin-free
media cryopreserved
without serum or albumin

Parental Chinese hamster ovary cell

Master cell bank

Nanofiltration

Refacto AF®/ Xyntha® molecules

Affinity purification with T9N peptide

Figure 2. New features in the production process of moroctocog alfa albumin-free cell culture.

with the application of different assay methods, particularly by comparison of the one-stage clotting assay
with the chromogenic method [30] . For this reason a
moroctocog alfa reference standard (ReFacto laboratory
standard [RLS]), aiming to minimize the aforementioned underestimation, was introduced and found to be
useful in clinical monitoring of the postinfusional level
of moroctocog alfa [30,31] . RLS was subsequently updated
for all reformulations or modifications of moroctocog
alfa AF‑CC. Santoro et al. compared FVIII activity levels, measured with the chromogenic assay, versus onestage assay after ReFacto reformulation in 2005 [32] . The
authors found the one-stage method to be more sensitive to lower plasma concentrations of FVIII while the
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measured maximum plasma concentration (Cmax) was
slightly higher than theoretical values and independent
of the assay used. Cmax, area under the curve and volume
of distribution at steady state presented nonsignificant
differences among the methods and standards used, so
that the authors concluded that safe and effective monitoring of moroctocog alfa in clinical use by the one-stage
assay was possible [32] .
■■ ReFacto AF/Xyntha (moroctocog alfa AF‑CC)
Pharmacokinetics

The pharmacokinetics of moroctocog alfa AF‑CC
were characterized in a single-dose, randomized, double-blind, two-period crossover study by Giel et al.,
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the pharmacokinetic-equivalence window of 80–125%
Similar in vivo recovery estimates were also
found. Baseline moroctocog alfa:AF‑CC pharmacokinetic parameters were also estimated based on the
manufacturer’s labelled potency. Moreover, the pharmacokinetic parameters after moroctocog alfa AF‑CC
remained unchanged with repeated use over time in 25
subjects assessed 6 months later: 90% CIs about the
ratios of moroctocog alfa AF‑CC month 6-to-baseline
geometric least squares means of key parameters were all
within the 80–125% equivalence window. These results
were confirmed by Widynga et al. [35] who observed
in vivo recovery values of 101 ± 20% (mean ± SD) in
a series of patients undergoing surgery. For patients
undergoing full pharmacokinetic assessments while on
continuous infusion, the mean plasma FVIII:C versus
time profile increased sharply after the start of intravenous infusion of moroctocog alfa:AF‑CC. After the
end of the infusion, the decline of FVIII:C exhibited
biphasic disposition with an elimination phase t½ of
16.7 ± 5.4 h (mean ± SD).

comparing it with moroctocog alfa [33] . In all, 30 previously treated patients (PTPs) with severe hemophilia A
received a single dose of moroctocog alfa 50 IU/kg
followed by the same dose of moroctocog alfa AF‑CC;
a validated chromogenic substrate assay procedure was
used to determine FVIII:C. A total of 25 out of 30
enrolled patients were evaluable for pharmacokinetic
analyses. Plasma concentrations of FVIII increased
sharply in response to the 2‑min intravenous infusion of both molecules, with a peak concentration of
1.16 ± 0.17 and 1.15 ± 0.16 IU/ml for moroctocog alfa
AF‑CC and moroctocog alfa, respectively. After the
end of the infusion, the decline of the plasma concentration of FVIII exhibited multiphasic disposition
characteristics. In the initial phase, plasma concentrations dropped at a rate consistent with a relatively rapid
but limited distribution into an extravascular space.
The steady-state volume of distribution was 49.9 ml/
kg for moroctocog alfa AF‑CC and 51.1 ml/kg for
moroctocog alfa. During the terminal phase, the rate
of decline in plasma concentrations was slower, with
a half-life of approximately 9.9 ± 3.2 h for moroctocog alfa AF‑CC and 10.9 ± 4.5 h for moroctocog alfa
(Table 1) .
A double-blind randomized pharmacokinetic crossover study by Recht et al. found a complete bioequivalence between moroctocog alfa AF‑CC and octocog
alfa using a central laboratory and one-stage methods [34] . Analysis of pharmacokinetic parameters for
moroctocog alfa AF‑CC and octocog alfa demonstrated, in 30 subjects, that the two products were
pharmacokinetic equivalent: 90% CIs around the
ratios of moroctocog alfa AF‑CC to octocog alfa geometric least squares means of the key pharmacokinetic
parameters (AUCt, AUC ∞ , K-value) were all within

(Table 1) .

Laboratory assessment

The rationale for developing two different brands,
Xyntha and ReFacto AF, was based on the manufacturer objective to align the potency assignment
of moroctocog alfa AF‑CC with the one-stage assay
more commonly used in clinical monitoring. This was
actually possible only in the FDA-dependent regions
of the world, since EMA continued to ask for titration
of the drug based on a chromogenic substrate-based
test. Consequently, Xyntha was developed following
the FDA requirement, and the trial by Recht et al.
found that the moroctocog alfa AF‑CC has pharmacokinetic equivalence to octocog alfa using either a

Table 1. Comparative pharmacokinetic evaluation.
Ratio of least squared means
and 90% CI

Cmax

AUCt

AUC∞

K values

t1/2

In vivo recovery

BDDrFVIII vs Hemofil M

102
(98–106)

115
(110–119)

118
(113–124)

103
(99–107)

109
(105–116)

103
(99–107)

[20]

BDDrFVIII-A† vs Hemofil M

105
(101–109)

114
(108–119)

116
(110–122)

106
(102–110)

104
(98–115)

107
(103–111)

[20]

BDDrFVIII-A vs BDDrFVIII B‡

97
(94–101)

101
(97–104)

102
(99–105)

104
(96–112)

104
(96–112)

97
(94–101)

[20]

BDDrFVIII vs BDDrFVIII AF

ND

99.5
(93.8–105.6)

98.1
(92.2–104.3)

100.6
(97.6–103.6)

ND

100.8
(98.3–103.6)

[33]

BDDrFVIII vs Advate

88–104.3

95.4–115.2

95.3–112.8

88.0–104.3

ND

ND

[28]

BDDrFVIII AF vs Advate

ND

83.3–96.9

81.6–94.8

92.5–108

ND

ND

[34]

†

BDDrFVIII-A: BDDrFVIII recostituited with 5 ml sterile water.

‡

BDDrFVIII-B: BDDrFVIII recostituited with 4 ml sodium chloride 0.9%.

Ref.

ND: Not determined.
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single centralized one-stage method for FVIII:C or
with the assay used for titration of drug potency used
also to test the plasma FVIII:C concentration in patient
plasma [34] . To adhere to EMA requirements, ReFacto
AF was developed for Europe, and European laboratories still have the option to use the RLS, even if the
results by Santoro et al. [32] might also be applied to
ReFacto AF making the use of the laboratory standard
redundant. It has to be finally noted that the only difference between Xyntha and ReFacto AF is in the procedure used to label their potency (i.e., in the amount
of active substance in the vial, being the active molecule
identical in the two brands).
Clinical evidence

■■ ReFacto (moroctocog alfa)

Two Phase III long-term studies were conducted to
evaluate safety and efficacy of moroctocog alfa in
patients with hemophilia A. The studies were performed in PTPs [22] and in previously untreated patients
(PUPs) [21] .
During the Phase III long-term study in PTPs by
Courter et al., 113 patients received a total of 47,674
moroctocog alfa infusions, ranging from 4 to 1769
infusions/patient (median 327) for a cumulative
dose of 101,431,407 IU [22] . A total of 10,882 bleeding episodes were treated during the study using a
mean dose of 31 IU/kg. Of the bleeding episodes,
73% were treated with one infusion, 15% with two
infusions, 6% with three infusions and 6% with four
or more infusions. Approximately 95% of the infusions (17,040/17,979) were assessed for hemostatic
efficacy; overall, the patient or the investigator rated
92% (15,744/17,040) of the infusions as providing an
excellent or good response.
A total of 85 patients received prophylaxis during the
study. Overall, the patients receiving moroctocog alfa
as prophylaxis experienced a mean of ten breakthrough
bleeding episodes (median: seven; range: 0–42) per year
using an average dose of 27 IU/kg. This represented a
twofold reduction in the bleeding frequency compared
with their on-demand treatment periods (mean: 25 episodes per year [median: 20]; range: 0–35). These results
are consistent with efficacy data from other trials using
rFVIII products, particularly considering the age of the
patients (median age: 26 years). During the prophylactic period, 12% of patients experienced no bleeding
episodes and 17% of the patients had no on-demand
treatment for breakthrough bleedings. One of the 113
(0.8%) patients in this study, a 53‑year-old Caucasian
man, developed an inhibitor.
Similar results (other than the percentage of developing inhibitors) were found in the PUP trial by published by Courter et al. [21] . In particular, a total of
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32,442 infusions were administered to 101 PUPs over
30,893 exposure days (ED) for a total of 36,311,472 IU.
The median dose per patient was 169,700 IU (range:
500–2,794,500 IU). The median number of infusions per patient was 218 (range: 1–1476). Of the 2715
bleeding episodes that were treated, 66% (1794/2715)
were resolved with one infusion, 85% (2296/2715)
were resolved with one to two infusions and 93%
(2525/2715) were resolved with one to three infusions.
Of the 2375 infusions rated by the investigators, 93%
(2215/2375) were rated as providing an ‘excellent’ or
‘good’ response. A total of 27 patients received routine
prophylactic treatment, which significantly reduced
breakthrough bleeding episodes twofold when compared with patients who were treated on-demand.
The mean dose was 56 IU/kg for routine primary
prophylaxis and 53 IU/kg for on-demand therapy for
bleeding episodes in patients who were assessed to be
inhibitor-free at the time of infusion; 32% of patients
developed inhibitors. Of these, 16 patients were high
responders (peak titer ≥5 Bethesda units [BU]). A total
of 42 patients in both the PUP and PTP studies was
operated on and the overall efficacy of moroctocog
alfa was rated as excellent or good for 99.6% of the
infusions [36] .
A retrospective study by Steltjes et al. [37] evaluated
the hemostatic effect of continuous infusion of moroctocog alfa in hemophilia patients undergoing surgery
and requiring more than five consecutive days of treatment. The outcomes were estimated blood loss during
and after surgery (including number of red blood cell
units transfused), total usage of moroctocog alfa, infusion rate and use of additional bolus injections of FVIII
products. In all, 16 patients from eight centers underwent a total of 20 procedures. Hemostatic outcome was
assessed as excellent or good in 75% of procedures. In
the remaining cases, where efficacy was rated as moderate, patients had undergone surgical procedures known
to have a high risk of bleeding (removal or replacement
of a prosthesis, total knee replacement, recurrent procedures on the same joint). In those cases where blood
loss did occur during surgery, the amount of loss was
generally within the normal range for nonhemophilic
patients for the type of surgery performed.
Two postmarketing surveillance studies confirmed
the original data published by Courter et al. [38,39] .
In total, 60 patients, 58 PTPs and two PUPs, were
enrolled in an open-label, multicenter, postmarketing
surveillance study by Smith et al. [38] . Surgical prophylaxis was evaluated in seven patients who underwent elective surgery. A total of 32 patients aged
<1–66 years (median: 19.5) received prophylaxis and
28 patients, aged 1–71 years (median: 33.5), received
on-demand treatment. The majority of patients had
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severe hemophilia A (FVIII:C <2%): 84.4% in the
prophylaxis group and 85.7% in the on-demand group.
Prophylaxis with moroctocog alfa was associated with a
median of 6.7 bleeds per year (range: 0–37). The assessment of the final outcome in prophylactic treatment
was judged to be excellent or effective by the investigators in 93.1% of patients. Moroctocog alfa resolved
92.8% of bleeds with one or two infusions. The investigators’ assessment was excellent or good for 98.2% of
bleeds treated with moroctocog alfa. Hemostasis was
achieved in all seven surgical cases and moroctocog alfa
resulted in an excellent or good response for each. One
PTP developed a high-titer inhibitor (peak 75 BU) and
one minimally treated patient developed a low-titer
inhibitor. One PUP developed a transient low-titer
inhibitor (0.4 BU).
In another postmarketing surveillance study by
Pollmann et al., 217 patients from 38 hemophilia centers were enrolled [39] . Of these patients 81% had more
than 100 EDs and 12.9% 0–50 EDs. A total of 153
of 217 patients adequately completed diary information and were thus analyzed for the primary outcome;
they experienced a median of seven (interquartile range
1.4–18.6) bleeding episodes/year. Data concerning
the number of patients on prophylaxis or on-demand
treatment were not provided by the authors, who
reported that patients treated on prophylaxis experienced a median of 4.4 (1.1–9.3) bleeds/year, while
patients treated on-demand experienced a median of
22.8 (11.3–29.0) bleeds/year. Overall, most physicians
(41/43, 95.3%) were ‘very satisfied’ or ‘satisfied’ with
the efficacy of moroctocog alfa in the treatment of
bleeding episodes. Overall, six patients (2.8%) developed de novo inhibitors, three of which were high titer.
Four of these patients were at high risk (0–50 ED)
for inhibitor formation, one was at intermediate risk
(51–100 ED) and one was at low risk (>100 ED).
The risk of inhibitor development was also investigated by Gringeri et al., who found the same rate of
inhibitors observed with other FVIII products [40] . The
trial analyzed a prospective cohort of 25 severe PTPs
exposed to FVIII products other than moroctocog alfa
for more than 50 EDs and then having received more
than one infusion of moroctocog alfa; and the retrospective cohort of all Italian patients who switched to
moroctocog alfa (94 patients). The retrospective cohort
was subdivided on the base of the number of EDs: one
group with less than 50 EDs (high risk of inhibitor
development: 19 patients) and the second group with
more than 50 EDs (low risk of inhibitor development:
75 patients). Of 25 prospective PTPs enrolled, 24 did
not develop an inhibitor when switched from pdFVIII
or octocog alfa to moroctocog alfa and one patient
developed a high titer inhibitor (4%). The inhibitor
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titer was initially low (2 BU) but reached a peak value
of 30 BU in 2 months. On the whole, in the entire
retrospective Italian cohort, no inhibitor was found in
low-risk PTPs, whereas one of the 19 PTPs (5%) still
at high risk of inhibitor development became inhibitor
positive. This severe hemophilia patient had 13 EDs
(ten of which were with moroctocog alfa), the peak
titer was 15 BU and 17 months later, when the inhibitor
titer decreased to 1 BU, he started immunotolerance
with moroctocog alfa and the inhibitor disappeared
20 months later.
■■ ReFacto AF/Xyntha (moroctocog alfa AF‑CC)

The clinical segment of the study by Recht et al. was
an open-label, prospective multicenter trial to assess
safety and efficacy over time [34] . Patients received
a defined prophylaxis regimen of moroctocog alfa
AF‑CC for a minimum of 50 ED over 6 months. The
prophylaxis treatment regimen was consistent with
current literature [41,42] and was initiated at dose of
30 IU/kg given three-times weekly. Predefined ‘escape’
criteria in response to bleeding episodes allowed for
prophylaxis dose escalation to higher intensity regimens, initially to 45 ± IU/kg three-times weekly and
then to more frequent administration or higher doses
as determined by the investigator. In addition to routine prophylaxis, intermittent prophylaxis in the form
of additional infusions of the study drug was allowed
if it was believed such treatment was required to prevent bleeding for an upcoming activity or procedure.
All bleeding episodes were treated at the discretion
of the investigator, mostly by the patient himself in
the homecare setting based on investigator guidance
(‘on-demand’ treatment). Moroctocog alfa AF‑CC
was to be exclusively used either on prophylaxis to
prevent bleeding or on-demand for treatment of bleeding, whether spontaneous or traumatic. All patients
enrolled in the study were male, with a median age
of 24 years (mean: 27.7 years; range: 12–60 years).
Most of the patients (80.9%) were 17 years of age
or older and white (94.7%). A total of 94 patients
received treatment with moroctocog alfa AF‑CC in
study 1. The median number of ED per patient was
76 (range: 1–92), and the median dose per infusion
was 30.2 IU/kg (range: 6.4–76.9). Two out of 94
(2.1%) patients developed transient, low-titer inhibitors, which means an inhibitor rate below the predefined FDA acceptable value of 4.4%. Alternatively
described, there is a 95% probability that the true
population rate of inhibitor development with use of
moroctocog alfa AF‑CC is below 4.07%. The cut off
value for the inhibitor rate to be considered acceptable in the study was determined by Bayesian estimation, assuming as prior distribution the inhibitor
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rate probability assessed in all the patient series previously treated with moroctocog alfa. This innovative
approach, proposed to the FDA and subsequently
adopted as the golden standard to assess immunogenicity in PTP patients, has the advantage of building
more reliable variability limits around the mean value
ascertained in a single study and would be the only
one to keep all the currently brands on the market if
reassessed as of today (most brands were marketed
before FDA started to require a predefined rate of
inhibitor development) [43,44] . All 94 patients on study
1 received moroctocog alfa AF‑CC for prophylaxis;
the median dose administered was 30 IU/kg (range:
6.8–76.9). Only seven prophylaxis dose escalations
were prescribed in six patients. Most patients (57/94;
60.6%) reported no spontaneous bleeding episodes
while on routine prophylaxis, while almost half of
patients (43/94; 45.7%) reported no bleeding at all
(spontaneous or traumatic) while on routine prophylaxis. A total of 53 out of 94 patients also received
moroctocog alfa AF‑CC as on-demand treatment
for breakthrough bleeding and surgical prophylaxis
among others; the median dose administered was
30 IU/kg (range: 6.4–74.4). The majority of bleeding
episodes (173/187; 92.5%) resolved with one or two

infusions. Similar results were found in the study 2. In
all, 110 patients were enrolled in study 2; 104 of these
on prophylaxis regimens and six on the on-demand
regimen. Moroctocog alfa AF‑CC was effective in prevention and treatment of hemorrhages: 24% of these
patients had no hemorrhages and 49% had no spontaneous hemorrhages during routine prophylaxis [34] .
Windyga et al. enrolled patients with severe or
moderately severe (FVIII:C < 2%) hemophilia A
scheduled to undergo elective major surgery [35] . The
patients should have a requirement for postoperative
FVIII replacement therapy over a period of at least
six consecutive days. A total of 25 patients received
moroctocog alfa AF‑CC by bolus injection or by continuous infusion at the investigators’ discretion. At
baseline (~4 weeks before surgery), following a 3‑day
washout after the previous FVIII administration, a
50 IU/kg infusion of moroctocog alfa was administered as intranvenous bolus for recovery or as continuous infusion for clearance rate individual assessment,
respectively. Investigators reported their target FVIII
activity level for surgery and used results from the
baseline assessments to plan the initial moroctocog
alfa dose and injection frequency or infusion rate. The
primary end point was hemostatic efficacy during the

Table 2. Ongoing studies.
Study title

NCT ID

Study design

Included patients Outcome measures

Study Evaluating Safety and
Efficacy of Moroctocog Alfa
(AF‑CC) in Previously Treated
Hemophilia A Patients

NCT00914459 Nonrandomized, PTPs with more
open-label trial
than 150 EDs,
pediatric

Pharmacokinetics and incremental recovery
of moroctocog alfa in pediatric subjects less
than 12 years of age after a single exposure
to moroctocog alfa AF‑CC

Study of Safety and Efficacy
of ReFacto AF in Previously
Untreated Hemophilia A
Patients in the Usual
Care Setting

NCT00950170 Nonrandomized, PUPs with less
open-label trial
than 6 years old

Proportion of subjects who develop
clinically significant FVIII inhibitors. Efficacy
end points include annualized bleeding
event rate and responses to the first
on-demand treatment with moroctocog alfa

Study Evaluating Safety of
Patients Switching to ReFacto
AF in Usual Care Settings

NCT00884390 Nonrandomized, PTPs with more
open-label trial
than 150 EDs

Inhibitor development

Study Evaluating Prophylaxis
Treatment and Characterizing
Efficacy, Safety, and
Pharmacokinetic of
B-Domain-Deleted
Recombinant FVIII

NCT00543439 Randomized,
open-label trial

PTPs with more
than 20 EDs

The annualized bleeding event rate in
prophylaxis on-demand therapy, and high
vs low frequency prophylaxis regimens;
pharmacokinetic properties of moroctocog
alfa AF‑CC at initial exposure and after
repeated exposure

Study Evaluating
Pharmacovigilance of
ReFacto AF

NCT00895037 Prospective
observational,
open-label trial

All patients

Reporting of adverse events;
efficacy in controlling bleeding

Study Evaluating the Safety of
Xyntha in Usual Care Settings

NCT00765726 Nonrandomized, PTPs with more
open-label trial
than 150 EDs

Percentage of patients with FVIII
inhibitor development

Full information of the trials listed in the table can be found by locating the trial record in [101] by using the NCT ID.
ED: Exposure day; PTP: Previously treated patients; PUP: Previously untreated patients.
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Table 3. Key studies.
Study (year)

Study design

Included patients
(PUPs/PTPs)

Outcome measures

Inhibitor rate

Ref.

Courter & Bedrosian Open-label, multicenter
(2001)
prospective study

113 PTPs

Bleeding rate,
hemostatic efficacy,
safety

0.008

[22]

Courter & Bedrosian Open-label, multicenter
(2001)
prospective study

101 PUPs

Bleeding rate,
hemostatic efficacy,
safety

0.3

[21]

Smith et al. (2005)

Open-label, multicenter
postmarketing survillance study

60 patients (58 PTPs
and 2 PUPs)

Bleeding rate,
hemostatic efficacy,
safety

0.5 PUPs
0.03 PTPs

[38]

Pollmann et al.
(2007)

Open-label, multicenter
postmarketing survillance study

217 patients: (PUPs 16
and PTPs 101)

Bleeding rate,
hemostatic efficacy,
safety

0.2 PUPs
0.03 PTPs

[39]

Stieltjes et al. (2004)

Open,label, retrospective,
noncomparative, multicenter
study

16 PTPs

Bleeding rate,
hemostatic efficacy,
safety

0.06

[37]

Moroctocog alfa

Gringeri et al. (2004) Two cohorts:
Prospective
Retrospective multicenter

Prospective: 25 PTPs

Inhibitor rate

[40]

Prospective: 0.04
Retrospective:
0.05 in patients
with <50 EDs
and 0 in patients
with >50 EDs

Retrospective:
94 patients, 19 of
which with less than
50 EDs and 75 with
more than 50 EDs

Moroctocog alfa AF‑CC
Recht et al. (2009)

204 PTPs
Study 1: randomized, double
blinded, crossover study to
evaluate pharmacokinetic
equivalence between moroctocog
alfa and octocog alfa
Study 2: open label, prospective,
multicenter study

Pharmacokinetic
evaluation, bleeding
rate, hemostatic
efficacy, safety

0.02

[34]

Windyga et al.
(2010)

Open-label, multicenter
prospective study

Hemostatic efficacy
during surgical
procedure through
1 h after surgery
completion, safety

0.08

[35]

25 PTPs

ED: Exposure day; PTP: Previously treated patients; PUP: Previously untreated patients.

surgical procedure until 1 h after surgery completion.
A total of 30 patients were enrolled and treated with
at least one dose of moroctocog alfa; 25 patients were
evaluable for efficacy. Outcomes were overall favorable
against a background of multiple major surgical procedures. All hemostatic efficacy ratings were ‘excellent’ or
‘good’. End-of-surgery hemostasis ratings, the primary
efficacy end point, were excellent for 72% (18/25)
and good for 28% (7/25) of patients. Hemostasis ratings following the initial postoperative period were
excellent for 92% (23/25) and good for 8% (2/25) of

future science group

patients. Intraoperative blood loss was rated as normal
in all patients. Of the 13 patients that had postoperative blood loss, ten were rated as normal. A total of ten
bleeding episodes in seven patients were reported in the
postoperative setting and required on demand treatment with moroctocog alfa. Seven cases were due to
injury, three of which occurring to the operated joint,
and three were spontaneous. When bolus and continuous infusion mode of administration were separately
analyzed, both gave similar results as far as efficacy
and safety are concerned.

Clin. Invest. (2011) 1(2)
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Ongoing studies

Six ongoing trials were found by searching
clinicaltrial.gov [101] . All trials are sponsored by Pfizer.
Four of these are in PTPs (one included minimally
treated patients with more than 20 EDs), one trial is
in PUPs and another is in all types of hemophilia A
patients. Except for one trial in PTP pediatric hemophilia A patients (<12 years old, the primary outcome of
this trial is pharmacokinetics and incremental recovery
of moroctocog alfa AF‑CC), all trials focus their primary outcome on efficacy (reduction in bleeding rate)
and safety (inhibitor incidence) of treatment. One of
these, the only one designed as a randomized clinical
trial, measures bleeding rate in prophylaxis versus on
demand treatment and in high- versus low-frequency
prophylaxis regimens (Table 2) .
Conclusion

Both ReFacto and ReFacto AF/Xyntha were extensively
studied before and after their appearance on the market
(Table 3), and their efficacy and safety were thoroughly
demonstrated. When used on demand, the rate of effective
treatment was 98% and it was 92% for patients undergoing surgery, while the median annualized bleeding event
rate (number of bleeding per patient per year) for patients
treated on prophylaxis was 5.5 (4–7). The overall crude
inhibitor rate was 47/755 (6%) in all patients, 13/617
(2%) in PTPs and 34/138 (24%) in PUPs.
The amount of evidence available for the two products is huge and, if one considers the two being interchangeable, having been found to be bioequivalent [33] ,
the overall evidence available for the molecule is the
largest ever for a recombinant product.
Currently there is no evidence of higher immunogenicity of the moroctocog alfa molecule as compared with
the octocog alfa. The in vitro and ex vivo experiments,
which hypothesized higher neo-antigenicity of the molecule [45] were not confirmed by clinical data [21,22,34,35] .
Similarly, experimental evidence suggested that
moroctocog alfa might undergo an accelerated clearance [46] , thus requiring higher dosages of moroctocog
alfa as compared with octocog alfa. The report by Rea
et al. found no evidence of such a difference in the population of UK patients switched from FL to BDD and
back to FL [47] . Particularly, There was no significant
difference in coagulation factor usage (moroctocog alfa
median 4803 IU/kg/year, range 659–11,304; octocog
alfa median 5349 IU/kg/year, range 1691–10,146). In
this relatively small cohort no evidence was found of
inhibitor appearance in PTPs switching between different
rFVIII molecules.
In conclusion, considering the pharmacological and
manufacturing process characteristics – made unique
by the removal as a potential source of contaminating
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animal-derived protein of the mouse antibody in the
purification step – and the excellent clinical record
make moroctocog alfa AF‑CC a one-step forward product for the treatment and prevention of bleedings in
hemophilia A.
Future perspective

It is hard to imagine any subsequent improvement in
the development of FVIII concentrates as far as bloodborne infections and viral safety are concerned. Hot
issues in attempting to improve our toolbox for hemophilia A treatment are reducing the immunogenicity of
the molecule, improving its pharmacokinetic profile,
assessing treatment options different from the classical
factor concentrate administration. To modulate immunogenicity, we mainly expect to see whether different
starting regimens might have a role in inducing tolerance to FVIII, including the possibility to treat fetuses
in utero; attempts to engineer the molecule and reduce
its antigenicity has so far been unsuccessful.
To improve the pharmacokinetic profile, some prolonged half-life molecules are in advanced preclinical evaluation, and almost all of them are PEGilated
BDD-rFVIII; the aim is to provide effective prophylaxis
with once a week endovenous infusion, which, particularly if coupled with new infusion devices (prefilled oneshot self-diluting syringes), might allow more patients
to stick to prophylaxis.
Exciting new perspectives are represented by: cure
of the disease through gene therapy (this approach is
currently on hold, due more to ethical than feasibility
reasons); and the development of small peptides mimicking activated factor X (these could be available by
oral route and effective in the treatment of both hemophilia A and B, with or without inhibitors). Is that a
dream? Let us look forward, and we will have an answer,
hopefully within no more than 10 years.
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Executive summary
■■ Subsequent generations of recombinant factor concentrates have progressively increased product safety.
■■ B-domain-deletion has been introduced to make the protein production and engineering more efficient without any loss of activity.
■■ B-domain-deleted factor VIII (ReFacto®) has been demonstrated to be effective and safe, and equivalent for clinical efficacy and
immunogenicity to both plasma-derived and full-length recombinant factor VIII.
■■ Previous formulations of ReFacto were deemed to require a specific factor VIII assay for clinical titration. This is not anymore
required on a clinical ground with new generation products.
■■ Xyntha™/ReFacto AF have been introduced as the sole albumin-free, mouse antibody-free, nanofiltered recombinant factor VIII
available on the market.
■■ Xyntha and ReFacto AF differ uniquely for the titration procedure, which is activated partial thromboplastin time based for Xyntha
(FDA regions) and chromogenic assay based for ReFacto AF (EMA regions).
■■ Xyntha/ReFacto AF efficacy and safety has been widely demonstrated for on-demand, prophylaxis and surgical usage. The incident
rate of inhibitor has been found in the expected range for recombinant products.
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