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An improved manufacturing process for Xyntha/ReFacto AF
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Summary. ReFacto� Antihemophilic Factor is a sec-
ond-generation antihaemophilia A product manufac-
tured using a process that includes therapeutic grade
human serum albumin (HSA) in the cell culture
medium, but is formulated without HSA as a stabi-
lizer. Even though this second-generation antihaemo-
philia product has a good safety profile, a programme
was implemented to eliminate all animal- and human-
derived raw materials from the production process,
thus producing a third-generation product. To that
end, HSA has been removed from the master and
working cell banks and from the culture medium. The
hybridoma-derived monoclonal antibody formerly
used in the purification process has been replaced by
a chemically synthesized affinity peptide, and a virus-
retaining filtration step has been added to enhance the

clearance of large viruses, such as retroviruses. The
purification process has been validated for the
removal of a panel of model viruses and provides
significant clearance of all viruses tested. Host cell-
and process-derived impurity removal validations
also were conducted, including host cell DNA and
protein, in addition to the affinity peptide. Compared
with the product manufactured according to the
original process, these changes had no detectable
effect on the structural integrity, stability or clinical
efficacy of this antihaemophilia A product. The
product produced by the improved manufacturing
process is named Xyntha�/ReFacto AF.
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Introduction

Several recombinant factor VIII (FVIII) products are
approved in the United States and the European
Union for the treatment of haemophilia A [1].
ReFacto� Antihemophilic Factor (Recombinant);
Wyeth Pharmaceuticals Inc.; Philadelphia, PA,
USA; 2007 is the first B-domain-deleted FVIII and
was licenced in the European Union in 1998 and in
the United States in 2000. It is a second-generation
antihaemophilia A factor product, formulated with-
out the use of human serum albumin (HSA) as a
stabilizing excipient [2]. The manufacturing process
for the original ReFacto included highly purified,
therapeutic-grade HSA in the cell culture medium, to
support cell growth and product expression. The
ReFacto purification process included an immuno-

affinity chromatography step, in which a monoclonal
antibody (mAb) was used to selectively purify the
FVIII molecule from a complex feedstream [2].

The elimination of animal- and human-derived
raw materials from production processes precludes
the introduction of adventitious agents, such as
viruses, from these sources [3]. Until recently, only
one recombinant FVIII product – Advate [Antihe-
mophilic Factor (Recombinant), Plasma/Albumin-
Free Method]; Baxter Healthcare Corporation;
Westlake Village, CA, USA; 2007 – employed a
manufacturing method that eliminated all human-
and animal-derived raw materials from its cell-
culture process. However, a mAb produced by a
murine hybridoma cell line is still being used for the
purification of Advate [1].

A programme was implemented to eliminate all
animal- and human-derived raw materials from both
the cell-culture and purification processes used to
produce ReFacto, thereby fully aligning the upstream
process with the albumin-free product formulation.
The new process, yielding Xyntha� [Antihemophilic
Factor (Recombinant), Plasma/Albumin-Free] for
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intravenous use, freeze-dried powder; Wyeth Phar-
maceuticals Inc.; 2008/ReFacto AF [moroctocog alfa
AF-CC], was developed with the intent to maintain
product characteristics and comparability to ReFacto.
This study describes the design strategy, details of
production and process modifications, validation data
and viral safety assessment of the improved Xyntha/
ReFacto AF manufacturing process.

Original ReFacto manufacturing process

The original ReFacto manufacturing process has
been described previously [2]. The cell culture
process uses an inoculum train, which builds suffi-
cient cell mass to initiate a production culture and
subsequent product synthesis in a perfusion bioreac-
tor. SP-Sepharose is used to capture and concentrate
the product from the cell free conditioned medium.
The product-containing SP eluate is stored frozen
prior to further downstream processing. Multiple SP
eluates are pooled, treated with a solvent/detergent
mixture to inactivate enveloped viruses and loaded
directly onto a mAb column. The product is further
purified using Q-Sepharose anion exchange chroma-
tography and Butyl-Sepharose hydrophobic interac-
tion chromatography. Finally, size exlusion
chromatography is used to exchange the product
into the formulation buffer. The highly purified
ReFacto is then frozen as a drug substance and
tested prior to release for additional manufacturing
at the fill/finish facility, to produce the lyophilized
vial of ReFacto drug product that is distributed to the
patient.

Rationale for and details of Xyntha/ReFacto AF
process changes

The Xyntha/ReFacto AF manufacturing process was
designed to leverage the knowledge and experience
with the original ReFacto process by keeping the
major process design elements intact (Fig. 1). This
modified process closely resembles the original
ReFacto manufacturing process, with specific mod-
ifications introduced to achieve the goal of eliminat-
ing all animal- and human-derived raw materials.
The viral safety of the modified process is further
enhanced by the introduction of a virus removal
filtration (VRF) step and the replacement of the
immunoaffinity purification column with a synthetic
peptide ligand. The details of and rationale for these
process improvements are described below.

The primary goal of the cell-bank adaptation
programme was to remove HSA from the culture
medium formulation and establish the new master

cell bank (MCB) and working cell bank (WCB)
lacking any human- or animal-derived raw materials.
The philosophy of the cell-line adaptation pro-
gramme was to leverage previous cell-line develop-
ment to avoid de novo creation of a new production
cell line, cell culture medium and cell culture process.
This approach minimizes the potential to impact the
cell culture process.

Comparative genotypic analysis was performed to
confirm that the new MCB represents the same initial
cell clone as the original MCB, and to ensure that no
unexpected changes occurred during cell-line adap-
tation that impacted the B-domain-deleted recombi-
nant FVIII genes or transcripts. The analysis included
Southern blot and Northern blot analyses, as well as
DNA sequencing. Figure 2 shows the results of the
Southern blot analysis evaluating the DNA integra-
tion pattern for the ReFacto MCB and the Xyntha/
ReFacto AF MCB, which show identical hybridiza-
tion patterns (Data on File, Wyeth Pharmaceuticals,
Collegeville, PA, USA). The consistency of patterns
between the Xyntha/ReFacto AF WCB and end-of-
production samples establishes the stability of the
cell line during production. These analyses clearly
established that the MCBs are genotypically indis-
tinguishable with respect to the integrated and
amplified recombinant FVIII genes and their
expressed transcripts.

To maintain cell viability during the production
phase, the Xyntha/ReFacto AF manufacturing pro-
cess uses the same bioreactor scale and perfusion
equipment as the original process. As with the
licenced process, the production phase is defined by
a temperature shift and a switch to production
medium. Media formulation changes have been
made to accommodate product synthesis in the
absence of albumin through rebalancing key compo-

Fig. 1. The Xyntha/ReFacto AF manufacturing process. Butyl,

Butyl-Sepharose; DS/DP, drug substance/drug product; MCB,

master cell bank; Q, Q-Sepharose; S/D, solvent/detergent; SEC,

size-exclusion chromatography; SP, SP-Sepharose; VRF, virus

removal filtration; WCB, working cell bank.
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nents and supplementing the media with additional
nutrients, but similar bioreactor control strategies
are used to maintain the cells in an optimal state for
product synthesis.

The major purification process modifications are
the replacement of the immunoaffinity chromato-
graphy step with an affinity step using a chemically
synthesized polypeptide ligand and the introduction
of a VRF step.

The immunoaffinity chromatography step used in
the original ReFacto manufacturing process provides
excellent removal of such process-related impurities
as DNA and host cell proteins (HCPs) [2]. By
replacing the mAb with a peptide ligand, higher
column-loading capacities and improved resin clean-
ing afforded by a broader sanitization solution
compatibility can be achieved [4]. Most notably,
the peptide can be chemically synthesized, eliminat-
ing the requirement for a mAb derived from murine
hybridoma culture and thereby removing the
potential for introduction of an adventitious virus,
such as an infectious retrovirus (known to be
associated with hybridoma cultures) into the FVIII
product stream [5–7].

Several peptides were identified by screening a
bacteriophage display library expressing approxi-
mately 100 million unique peptides as amino-termi-
nal fusions to the P3 coat protein. These peptides
were designed to have five to seven residues between
the cysteine residues, which oxidize to form a
disulfide bond that results in a constrained ring.
The peptide that was ultimately selected, designated
TN8.2, was one of a family of related peptides
derived from the library containing eight residues,
including the cysteines, in the ring. The TN8.2
peptide contains 27 amino acids and includes a
flexible linker to provide accessibility of the con-
strained ring for FVIII binding [4]. Figure 3 illus-
trates the selected residues of the ring and two
flanking residues external to the cystine bond, which
were also variegated in the peptide library [4]. The
peptide has an acetylated N-terminus and no primary
amines, with the exception of a C-terminal lysine
residue. This allows for efficient, site-directed immo-
bilization of the peptide via the C-terminal lysine by
the amine reactive N-Hydroxysucccinimide immobi-
lization chemistry [4].

The peptide binds to the B-domain deleted
recombinant FVIII (BDDrVIII) through the C2
domain of the 80-kD light chain portion of the
BDDrVIII heterodimer. The interaction between
BDDrVIII and the peptide is relatively weak, with a
dissociation constant of �10)6

m, compared with the
mAb that has a substantially lower kD of �10)10

m.
This weak binding is overcome by immobilizing the
peptide at approximately 125 times the molar
concentration of the antibody, thus providing suffi-
cient binding due to mass action. Figure 4 shows the
binding isotherm for the immobilized peptide and
BDDrVIII. The data show excellent fit to a Langmuir
isotherm (r2 = 0.99), indicating a single mode of
interaction, without protein-protein interactions, and
a dissociation constant of 0.92 lm [4].
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Fig. 2. Southern blot analysis of Xyntha/ReFacto AF cell banks.

Two micrograms of genomic DNA isolated from ReFacto master

cell bank (MCB) (lane 1), Xyntha/ReFacto AF MCB (lane 2) and

working cell bank (WCB) (lane 3) cells were digested with Hind III

restriction enzyme. Samples were size-fractionated by agarose gel

electrophoresis, transferred to a membrane and hybridized to a
32P-labelled B-domain deleted recombinant factor VIII

(BDDrFVIII) probe. Lane 4 represents a Hind III digestion of

genomic DNA isolated from cells obtained from the end of a

Xyntha/ReFacto AF production campaign, lane 5 represents CHO

genomic DNA control and lane 6 represents a control digest of the

Xyntha/ReFacto AF expression vector.
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Fig. 3. TN8.2 ligand schematic. TN8.2 [4]. Sequence:

Ac-AEGTGDHRCGSWLHPCLAEPEGGGSK-CO2.
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The screening conditions for peptide selection
closely mimicked the operating conditions for the
immunoaffinity chromatography step [8]. This made
substitution of the immunoaffinity step with the
TN8.2 chromatography resin relatively straightfor-
ward. The chromatographic characteristics of the
immobilized peptide are very similar to the immuno-
affinity resin. Table 1 compares the most relevant
performance characteristics of both resins[8]. The
resins have very nearly identical performance with
respect to product quality attributes, i.e. product
capture and impurity removal. The immobilized
peptide performs better with respect to the more
practical aspects of performance, i.e. recovery,
capacity and cleaning conditions. The process pool
derived from the TN8.2 Sepharose step is highly
pure, based on sodium dodecyl sulphate–polyacryl-

amide gel electrophoresis (SDS–PAGE) analysis (see
Fig. 5), with all of the protein impurities detected by
SDS–PAGE in the load to this step removed during
processing [4,8].

The goal of the new VRF step is elimination of
noninfectious retroviral-like particles and potential
adventitious viruses by means of the optimally sized
35-nm pore-size filter [9]. The single-use VRF device
retains viral particles based on sieving properties,
while allowing passage of the Xyntha/ReFacto AF
protein. The virus filter was selected to provide
robust clearance of such large viruses as retroviruses.
The product passes freely through the membrane
pores into the permeate, whereas viral particles, if
present, are retained by the membrane. Filters with a
smaller pore size, which have the capacity to retain
parvoviruses, gave rise to variable product retention
and subsequent yield losses (Data on File, Wyeth
Pharmaceuticals). The VRF step was intentionally
placed after the Q-Sepharose chromatography step
because this process intermediate has no detergent
present, which might complicate the operation of a
filtration step, thereby enabling consistent perfor-
mance of the VRF.

The battery of purity tests performed on the
ReFacto MCB was designed in accordance with the
guidelines provided in several regulatory documents
[10–12]. Monitoring for adventitious viruses utilizes
in vitro testing on indicator cell lines, which have
been shown to be sensitive to a broad range of
viruses, especially to those that are known to infect
Chinese hamster ovary (CHO) cells. Lot-to-lot cov-
erage for adventitious contamination during produc-
tion is provided by testing unprocessed bulk (cells
plus the conditioned medium) taken on the final
harvest day of the manufacturing run. Additional
coverage for minute virus of mice (MVM), a reported
contaminant of some industrial CHO cell production
cultures, is provided by using either an in vitro assay
with an indicator cell line susceptible to MVM
infection (324K or A9) or an MVM polymerase

Table 1. Comparison of TN8.2 and immunoaffinity purification step performance [8].

Immunoaffinity TN8.2

BDDrFVIII recovery (average of >10 cGMP runs) 63 85

CHO protein removal (log10 reduction) 3.7 4.0

DNA removal (log10 reduction) 4.1 4.1

BDDrFVIII informs captured Mr 170 000 fusion protein + multiple

heterodimer forms

Mr 170 000 fusion protein +

multiple heterodimer forms

Elution peak volume (column volumes) <1.0 <1.5

Dynamic capacity – (IU mL)1) 20 000 (estimate) 180 000

Process control loading limit (lU mL)1) 5000 25 000

Sanitization solution 0.1 m acetic acid, 20% ethanol, pH 4.0 6 m GuHCL 50 mm

acetic acid, pH 3.0
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Fig. 4. Equilibrium binding measurement for the TN8.2 and

B-domain deleted recombinant factor VIII (BDDrFVIII) interaction

measured onTN8.2 Sepharose resin [4]. The equilibrium-binding

isotherm was determined using repeated BDDrFVIII challenges to

a resin sample; 50 lL of a 50% slurry of resin was combined with

450 lL of a BDDrFVIII solution and binding allowed to approach

equilibrium (generally 30 min). The resin supernatant was then

removed and replaced with another 450 lL of BDDrFVIII solu-

tion. This process was repeated until the concentration of

BDDrFVIII in the supernatant solution approached that of the

challenge solution. Bound protein was determined from the dif-

ference between the units offered and the units remaining in the

supernatant solution at equilibrium for each BDDrFVIII challenge

using a chromogenic FVIII activity assay.
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chain reaction analysis [13]. No adventitious viruses
were detected when the MCB samples were tested
using any of the in vitro or in vivo methods.
Furthermore, no infectious retrovirus activity was
detected in the cocultivation assay. Transmission
electron microscopy showed the cells to be free of all
virus-like particles other than the type A and C
particles previously reported to be present at low
levels in CHO cells [14–16]. On the basis of these
results, it was concluded that no detectable adven-
titious microbial or viral agents had been introduced
into the Xyntha/ReFacto AF MCB and that no
infectious retroviruses were present.

The purification steps of the Xyntha/ReFacto AF
process were also evaluated for their ability to
remove or inactivate model viruses. The Xyntha/
ReFacto AF viral clearance and inactivation studies
were designed and executed in accordance with
regulatory guidelines [12]. At least two orthogonal
modes of clearance were identified for each virus
evaluated in this study. This study used a panel of
model viruses with an emphasis on viruses known to
infect CHO cells (see Table 2). These viruses include
three enveloped viruses [parainfluenza virus (PI-3),
pseudorabies virus (PRV), and xenotropic murine
leukaemia virus (X-MuLV)] and two nonenveloped
viruses [MVM and Reovirus-3 (Reo-3)] (Data on
File, Wyeth Pharmaceuticals). The model viruses
used in this evaluation were selected to cover a wide
variety of virus families that differ by size, genome
type, envelope and resistance to physicochemical
inactivation. The panel of viruses used in this
assessment differs from those used in the assessment
of the original process [3,4], reflecting a shift in focus
from viruses representing adventitious agents that
could potentially be present in the HSA used in the
original cell culture medium, to a panel that is
typically used to evaluate recombinant protein pro-
duction via a process devoid of animal- or human-
derived raw materials [17,18].

As a result of the importance of the TN8.2
Sepharose and Planova 35N VRF steps in ensuring
the viral safety of the product, viral clearance studies
were performed for these steps for all five viruses in
the panel. For the S/D virus inactivation step, runs
were conducted for each of the three enveloped
viruses. The demonstration of comparable perfor-
mance of the laboratory scale to the manufacturing
scale for each step establishes the laboratory-scale
systems as valid models of the manufacturing steps
for use in virus validation studies. For the TN8.2
Sepharose step, both unused and used resins were
tested because of the importance of the affinity
chromatography step in the viral safety package.
Each chromatography eluate included the virus
present in the prepeak, peak and postpeak fraction,
as a worst-case estimate. The ratio and temperature
of the S/D chemicals were at the lowest acceptable
levels, and the VRF permeate included the virus
present in the maximum filter flush volume, repre-
senting the worst-case conditions for the relevant
step.

Table 2 illustrates the results of the virus valida-
tion studies. A significant reduction in the virus titre
was observed for all TN8.2 Sepharose runs, with the
majority of virus particles removed in the load eluate
and washes. These results demonstrate that the mech-
anism of removal was consistent with affinity chro-
matography, where, due to the specificity of binding
between the ligand (TN8.2) and the desired product
(Xyntha/ReFacto AF), impurities do not bind to the
column or are weakly retained and removed prior to
product elution. The performance of unused and
used TN8.2 Sepharose resins was also consistent.
The S/D step provided instantaneous and complete
inactivation of the three enveloped viruses tested.
The VRF step provided significant removal of all
viruses tested with the exception of MVM, which
was the smallest virus tested and would be expected
to pass through the 35-nm pore of this filter. The

Table 2. Results of virus clearance studies (Data on File, Wyeth Pharmaceuticals, Collegeville, PA, USA).

Virus

SP

Sepharose

S/D

Inactivation

TN8.2

Sepharose

Q

Sepharose

Planova 35N

Nanofiltration

Butyl

Sepharose

Total

LRV*

MuLV ND >3.24 >2.99 ND >5.18 ND >11.4

MMV 1.46 ND 2.52 0.52* 0.63* 1.23 5.2

PI-3 ND >4.93 1.51 ND >4.95 ND >11.4

Reo-3 ND ND 4.40 ND >5.93 ND >10.3

PRV ND >4.90 3.13 ND >6.00 ND >14.0

*Log reduction values (LRV) <1.0 are not included in the calculation of total LRV.

ND, not done; Butyl, Butyl-Sepharose; env, enveloped; LRV, log removal value; MVM, minute virus of mice; nonenv, nonenveloped; PI-3,

parainfluenza virus; PRV, pseudorabies virus; Reo-3, Reovirus-3; S/D, solvent/detergent; SP, SP-Sepharose; VRF, virus removal filtration;

X-MuLV, xenotropic murine leukaemia virus.
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total reduction across all the tested steps was
between 5.2 and >10.3 log for the nonenveloped
viruses, and between >11.4 and >14.0 log for the
enveloped viruses. The total log removal values
(LRVs) for all the tested viruses are quite high, with
consistency between duplicates for all steps, which
demonstrates that the purification process provides
excellent assurance of removal and inactivation of
model viruses. The overall inactivation and removal
package compares favourably with the package for
the original process; the Xyntha/ReFacto AF process
has higher total LRV for MuLV, higher LRVs for
nonenveloped virus (i.e. Reo-3) and incorporates the
addition of a third robust step for virus clearance (i.e.
Planova 35N VRF) (Data on File, Wyeth Pharma-
ceuticals).

Process validation

The Xyntha/ReFacto AF manufacturing process was
validated to ensure effective and consistent perfor-
mance within the established limits of the operating
parameters. Although the albumin-free cell culture
(AFCC) manufacturing process is quite similar to the
original ReFacto process, a significant duplication of
the process validation package was undertaken to
provide a clear comparison of performance and
consistency between the two processes.

Compared with those of the original ReFacto
process, the cell culture growth and production
phases of the Xyntha/ReFacto AF manufacturing
process demonstrate consistent and adequate rates
and densities of cell growth, cell removal and harvest
operations. Cell culture robustness has been estab-
lished using laboratory studies that test critical
control parameter limits and show acceptable per-
formance and product quality.

In-process, cell culture limits are unchanged rela-
tive to the original ReFacto manufacturing process
for all critical parameters, except for minor adjust-
ments in the temperature of the seed bioreactor, the
dissolved oxygen of the production bioreactor, the
inoculum densities of the seed bioreactor and pro-
duction bioreactors and the cumulative cell age
during production. Cell culture robustness studies
were conducted in either small shake flasks or 2-L
laboratory bioreactors, which have both been qual-
ified as appropriate scale-down models of the full-
scale bioreactor.

Stability studies were performed to ensure that the
cell culture medium could be stored for a sufficient
period to allow routine manufacturing prior to use.
To assess the stability of an extended lineage of
Xyntha/ReFacto AF WCB cells at the end of their

validated cell age, the WCB cells at this age limit
were used to inoculate a production bioreactor for
the synthesis of the clinical drug substance. All in-
process control parameters were achieved during the
course of this cell-culture production run. Charac-
terization of the drug-substance batches manufac-
tured from this run showed that the drug substance
that was produced met all release specifications.
Together with additional cell-line characterization
data from Southern and Northern blot hybridiza-
tions and DNA sequencing analyses, these studies
support the in vitro age limit of the Xyntha/ReFacto
AF WCB cells.

The purification process has been validated for
removal of host cell-derived, media-derived and
purification process-derived impurities [2] (Data on
File, Wyeth Pharmaceuticals). The pattern of CHO
protein removal by the Xyntha/ReFacto AF purifica-
tion process is very similar to that of the original
process. The most efficient step for removing host
cell-derived impurities is the affinity chromatography
step (AFCC uses the TN8.2 Sepharose resin) [2].
During the AFCC process, 3.4-log removal of CHO
protein was consistently demonstrated. The sub-
sequent Q-Sepharose step provides an additional 1.2-
log removal, and the remaining Butyl-Sepharose and
Superdex 200 steps contribute a combined reduction
of 0.8 log (see Table 3). The pattern of DNA removal
by the Xyntha/ReFacto AF purification process is
also very similar to that of the original manufactur-
ing process. A 3.9-log removal of DNA has been
consistently demonstrated for the TN8.2 Sepharose
step (Data on File, Wyeth Pharmaceuticals). The
Q-Sepharose step provides an additional >1.9 log
removal. The removal across the Butyl-Sepharose
and Superdex 200-pg chromatography steps could
not be shown to contribute to the reduction, as the

Table 3. HCP Removal (Data on File, Wyeth Pharmaceuticals,

Collegeville, PA, USA).

Batch

TN8.2 eluate

(LRV)

Q eluate

(LRV)

HIC eluate

(LRV)

GF eluate

(LRV)

Total

(LRV)

1 3.3 1.1 0.4 0.5 5.4

2 3.3 1.2 0.5 0.4 5.5

3 3.5 1.4 0.6 0.3 5.8

4 3.6 1.2 0.6 0.3 5.7

5 3.3 1.1 0.3 0.4 5.1

6 3.3 1.3 0.4 0.3 5.2

7 3.5 1.1 0.4 0.3 5.3

8 3.3 1.0 0.4 0.3 5.0

Mean 3.4 1.2 0.4 0.4 5.4

GF, gel filtration; HCP, host cell protein; HIC, hydropho-

bic interaction chromatography; LRV, log removal value; Q,

Q-Sepharose.
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DNA levels at this stage are below the limit of
detection of the assay [2] (Data on File, Wyeth
Pharmaceuticals). Overall, the purification process
removes DNA to levels below the limit of
<14 pg 1000 IU)1 of drug substance (Data on File,
Wyeth Pharmaceuticals). This level is significantly
lower than current World Health Organization
recommended levels of <100 pg per dose of cellular
DNA [10].

Process-derived impurities are introduced into the
product stream by purification process buffers and
resins. The removal of a representative set of these
components was validated, including ethylenedi-
aminetetraacetic acid (EDTA), tri-n-butyl-phosphate
(TNBP), Octoxynol 9, TN8.2 ligand, ethylene glycol
and ammonium acetate (Data on File, Wyeth Phar-
maceuticals). The safety of the Xyntha/ReFacto AF
drug substance with respect to the TN8.2 ligand
residuals has been established by a combination of

acute toxicology studies performed on the TN8.2
ligand, along with a comprehensive validation pack-
age addressing the consistency of TN8.2 ligand
leaching and removal. The validation package
combines concurrent removal studies for cGMP
batches and small-scale spike and removal studies.
The small-scale spike/removal studies demonstrated
a minimum of a 2.0-log reduction for the
Q-Sepharose step and a 0.8-log reduction for the
Butyl-Sepharose step [4]. All batches of the drug
substance had no detectable TN8.2 (calculated to be
<5.7 ng mL)1) (Data on File, Wyeth Pharmaceuti-
cals). To put this level into perspective, in an acute
toxicology study conducted in Sprague–Dawley rats
and used to support both the IND and the licensure
application, the levels of TN8.2 peptide tested were
300 million-fold higher than the maximum TN8.2
residual level that could be contained in a 2000-IU
dose (corresponding to a ‡ 8.3-log safety margin).
Even at the level tested in the rats, there were no
effects observed in the toxicity study [4].

Stability, comparability overview and clinical
evaluation of Xyntha/ReFacto AF

The formulations for both the drug substance and the
drug product were not changed for the Xyntha/
ReFacto AF process. This minimizes the likelihood of
any changes in the drug substance or product
stability profiles, as the improved manufacturing
process provides material that is comparable in
purity and quality to that of the original process.
To confirm these expectations, stability studies were
conducted on three batches of commercial final drug
product and three batches of intermediate drug
substance. The commercial material was monitored
through 36 months, which is the current shelf-life for
Xyntha/ReFacto AF (Data on File, Wyeth Pharma-
ceuticals). Accelerated studies at higher temperatures
were also performed for both the final drug product
and the intermediate drug substance and were
monitored through 6 months. Several parameters
were assessed in both the long- and short-term
studies, including identity, potency, purity and qual-
ity. The assays and specifications used in the stability
programme for the Xyntha/ReFacto AF drug sub-
stance are a subset of the analytic procedures
performed at release because they are indicative of
stability. Results of the assays used to monitor the
stability of final drug product and intermediate drug
substance during storage for all validation batches
demonstrate no significant changes in terms of
potency, quality or purity for Xyntha/ReFacto AF
(Data on File, Wyeth Pharmaceuticals).
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Fig. 5. Sodium dodecyl sulphate–polyacrylamide gel electropho-

resis (SDS–PAGE) analysis of TN8.2 Sepharose load and purified

Xyntha/ReFacto AF [8]. Silver stained reducing SDS–PAGE of the

TN8.2 Sepharose load and peak fraction compared with purified

Xyntha/ReFacto AF reference material. The TN8.2 Sepharose load

represents clarified conditioned media containing Xyntha/ReFacto

AF that has been processed over a SP-Sepharose column followed

by treatment with a solvent-detergent mixture. The TN8.2 peak

represents the elution of TN8.2 column using an ethylene glycol

solution. The major Xyntha/ReFacto AF isoforms are represented

by the 170 kDa product of the translational fusion expression

vector and the 90 kDa heavy chain and the 80 kDa light chain of

the fully processed protein.
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A complete and comprehensive programme was
designed to compare ReFacto and Xyntha/ReFacto
AF on both structural and functional bases. Com-
parisons of the various sources of Xyntha/ReFacto
AF were also conducted: nonclinical, clinical and
commercial materials (Data on File, Wyeth Pharma-
ceuticals; Personal communication, M. Jankowski).
The overall assessment evaluated the following
complementary elements: process comparability (cell
culture and purification), drug-substance release
testing data, detailed structural characterization
and analysis, in vitro functional analysis and forced
decomposition analysis. Shown in Fig. 6 is a com-
parative analysis using SDS–PAGE of representative
ReFacto and Xyntha/ReFacto AF, demonstrating the
high degree of similarity between the two materials
(Data on File, Wyeth BioPharma).

Pivotal clinical studies were initiated to meet the
requirements for the approval of a new FVIII
product. These clinical studies were designed to meet

FDA requirements for FVIII product, which include
(i) a comparative pharmacokinetics (PK) study and
(ii) an efficacy/safety study in previously treated
patients (PTPs). The PK profile of Xyntha/ReFacto
AF vs. FLrFVIII was assessed in a randomized,
double-blind, crossover study of 30 PTPs using the
one-stage clotting assay. In addition, the safety and
efficacy of Xyntha/ReFacto AF were assessed in a
total of 94 PTPs during 6 months of prophylaxis
supplemented with on-demand treatment. A follow-
up PK study was conducted after 6 months [18,19].

Ninety percent (90%) confidence intervals about
the ratios of the geometric least square mean values
of key PK parameters (AUC¥, AUCt and K value)
were within the bioequivalence window of 80–
125%, demonstrating the PK equivalence of Xyn-
tha/ReFacto AF and Advate. Of the 94 patients, two
had transient, low-titer, de novo, clinically silent
inhibitors, both of which were negative on follow-up
testing. This study also demonstrated that the Xyn-
tha/ReFacto AF manufacturing process did not affect
PK, safety or efficacy outcomes in a clinical setting
[19].

Discussion

The Xyntha/ReFacto AF manufacturing process was
designed to maximize the viral safety profile of the
product and minimize the probability of any
observable changes relative to the product derived
from the original process. The key changes to the cell
culture steps of the manufacturing process were
focused on removing animal- and human-derived
raw materials in the MCB and the cell culture
medium. The purification process eliminated the use
of a hybridoma-derived murine mAb and introduced
a VRF step. The Xyntha/ReFacto AF purification
process is the first to use a chemically synthesized
polypeptide for purification of FVIII. The product
formulation was unchanged to ensure that the
stability profile of the various dosages would remain
at the limits established with the original licenced
process.

This conservative set of changes was limited in
scope to avoid any unintentional impact on product
characteristics that could influence the PK profile,
clinical efficacy and/or safety. A strong biochemical
and biophysical comparability package supports the
unchanged nature of the ReFacto product, despite
these process improvements. Multiple clinical trials
conducted with ReFacto produced by the AFCC
process proved that ReFacto manufactured via this
third-generation technique was safe and efficacious.
A double-blind, randomized PK crossover study

Fig. 6. Sodium dodecyl sulphate–polyacrylamide gel electropho-

resis (SDS–PAGE) analysis of purified ReFacto and Xyntha/

ReFacto AF. Silver stained reducing SDS–PAGE of representative

ReFacto and Xyntha/ReFacto AF drug substance batches.

Approximately 1 lg of each sample was reduced with dithiothre-

itol (DTT) prior to analysis. The 6.5% SDS–PAGE was performed

using standard Laemmli conditions. The major ReFacto and

Xyntha/ReFacto AF isoforms are represented by the 170 kDa

product of the translational fusion expression vector and the

90 kDa heavy chain and the 80 kDa light chain of the fully

processed protein.
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demonstrated that Xyntha/ReFacto AF was PK-
equivalent to a full-length rFVIII, and routine pro-
phylaxis with Xyntha/ReFacto AF was found to be
effective in preventing haemorrhages in patients with
pre-existing target joint(s) [20].

A comprehensive and complete process validation
programme was conducted to ensure product safety
and process consistency. Following international
guidelines for recombinant protein production, all
steps in the cell culture and purification processes
were evaluated and appropriate process control
ranges were established. The clinical programme
used several lots of drug substance and drug product
produced at full scale in the commercial manufac-
turing plant, confirming the consistency of the
Xyntha/ReFacto AF process.

The combination of these process design elements,
comparability assessments, clinical studies and pro-
cess validation studies provides assurance of the
safety and process consistency of the Xyntha/ReFacto
AF process.

Acknowledgements

The authors would like to thank the following past
and present Wyeth BioPharma staff members: Denis
Drapeau, Gene Lee, Martin Sinacore, Molly Tannatt,
Ed Fritsch, Jeff Deetz, Priscilla Jennings, Dick
Wright, Suresh Vunnum, Jeffrey Robinson and
Denise O’Hara. Additional thanks to our colleagues
at Biovitrum, including Ake Ljungvist, Lotta Ljungq-
vist, Anna Messing-Eriksson, Christine Wesström,
Bertil Eriksson and Mats Jernberg. Collaborators at
Dyax Corporation included Thomas Ransohoff,
Daniel Potter, Art Ley and Bruce Dawson. This
work is dedicated to the memories of Sigrid and
Daniel, who are both greatly missed by all of their
collaborators and friends.

Disclosures

M. Jankowski and J. Booth are employees of Wyeth.

References

1 Meeks SL, Josephson CD. Should hemophilia treaters switch to

albumin-free recombinant factor VIII concentrates. Curr Opin

Hematol 2006; 13: 457–61.

2 Eriksson RK, Fenge C, Lindner-Olsson E et al. The manufacturing

process for B-domain deleted recombinant factor VIII. Semin

Hematol 2001; 38(2 Suppl. 4): 24–31.

3 Charlebois TS, O’Connell BD, Adamson SR et al. Viral safety of

B-domain deleted recombinant factor VIII. Semin Hematol 2001;

38(2 Suppl. 4): 32–9.

4 Kelley BD, Tannatt M, Magnusson R, Hagelberg S, Booth J.

Development and validation of an affinity chromatography step

using a peptide ligand for cGMP production of factor VIII. Bio-

technol Bioeng 2004; 87: 400–12.

5 Adamson SR. Experiences of virus, retrovirus and retrovirus-like

particles in Chinese hamster ovary (CHO) and hybridoma cells

used for production of protein therapeutics. Dev Biol Stand 1998;

93: 89–96.

6 Bartal AH, Feit C, Erlandson RA, Hirshaut Y. Detection of ret-

roviral particles in hybridomas secreting monoclonal antibodies.

Med Microbiol Immunol 1986; 174: 325–32.

7 Machala O, Mach O, Bubenik J, Hasek M. The presence of ret-

roviral particles in hybridoma cell lines. Folia Biol (Praha) 1986;

32: 178–82.

8 Kelley BD, Booth J, Tannatt M et al. Isolation of a peptide ligand

for affinity purification of factor VIII using phage display.

J Chromatogr A 2004; 1038: 121–30.

9 Jakubik JJ, Vicik SM, Tannatt MM, Kelley BD. West Nile Virus

inactivation by the solvent/detergent steps of the second and third

generation manufacturing processes for B-domain deleted

recombinant factor VIII. Haemophilia 2004; 10: 69–74.

10 Department of Health and Human Services, Public Health Services,

Center for Biologics Evaluation and Research. Points to Consider in

the Characterization of Cell Lines Used to Produce Biologicals

1993. Available at: http://www.fda.gov/downloads/BiologicsBlood

Vaccines/GuidanceComplianceRegulatoryInformation/Other

RecommendationsforManufacturers/UCM062745.pdf (accessed 8

December 2009).

11 European Medicines Agency. ICH Topic Q 5 D quality of bio-

technological products: derivation and characterisation of cell

substrates used for production of biotechnological/biological

products. London: EMEA, 1998:1–13.

12 European Medicines Agency. ICH Topic Q 5 A (R1) quality of

biotechnological products: viral safety evaluation of biotechno-

logy products derived from cell lines of human or animal origin.

London: EMEA, 1997: 1–29.

13 Chang A, Havas S, Borellini F, Ostrove JM, Bird RE. A rapid and

simple procedure to detect the presence of MVM in conditioned

cell fluids or culture media. Biologicals 1997; 25: 415–9.

14 Lieber MM, Benveniste RE, Livingston DM, Todaro GJ. Mam-

malian cells in culture frequently release type C viruses. Science

1973; 182: 56–9.

15 Thion C, Green M. Cyclic AMP-amplified replication of RNA

tumour virus-like particles in Chinese hamster ovary cells. Nat

New Biol 1973; 244: 227–31.

16 Lubiniecki AS, May LH. Cell bank characterization for

recombinant DNA mammalian cell lines. Dev Biol Stand 1985;

60: 141–6.

17 Adamson S, Charlebois T, O’Connell B, Foster W. Viral safety of

recombinant factor IX. Semin Hematol 1998; 35(2 Suppl. 2):

22–7.

18 Wyeth Pharmaceuticals Inc. XYNTHATM [Antihemophilic Factor

(Recombinant), Plasma/Albumin-Free] For Intravenous Use,

Freeze-Dried Powder Full Prescribing Information. Philadelphia,

PA, 2008.

19 Recht M, Nemes L, O’Brien AC, Udata C, Roth D, Arkin S.

ReFacto AF Is effective and safe in previously treated patients with

severe hemophilia A: final results of a pivotal phase III study.

Blood 2007; 110: 349a.

20 Recht M, Nemes L, Matysiak M et al. Clinical evaluation of

moroctocog alfa (AF-CC), a new generation of B-domain deleted

recombinant factor VIII (BDDrFVIII) for treatment of haemo-

philia A: demonstration of safety, efficacy, and pharmacokinetic

equivalence to full-length recombinant factor VIII. Haemophilia

2009; 15: 869–80.

XYNTHA/REFACTO AF IMPROVED MANUFACTURING PROCESS 9

� 2009 Blackwell Publishing Ltd Haemophilia (2009), 1–9


