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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to the field of therapeutics for hemostatic disorders.

Background Art

[0002] Hemophilia is a bleeding disorder in which blood clotting is disturbed by a lack of certain plasma clotting factors.
Hemophilia A and Hemophilia B are two different types of hemophilia that arc caused by deficiencies in Factor VIII (FVIII)
and Factor IX, rcspcctivcly.
[0003] Hemophilia A is characterized by spontaneous hemorrhage and excessive bleeding after trauma. Over time,
the repeated bleeding into muscles and joints, which often begins in early childhood, results in hemophilic arthropathy
and irreversible joint damage. This damage is progressive and can lead to severely limited mobility of joints, muscle
atrophy and chronic pain (Rodriguez-Merchan, E.C., Semin. Thromb. Hemost. 29:87-96 (2003),).
[0004] Hemophilia B (also known as Christmas disease) is one of the most common inherited bleeding disorders in
the world. It results in decreased in vivo and in vitro blood clotting activity and requires extensive medical monitoring
throughout the life of the affected individual. In the absence of intervention, the afflicted individual will suffer from spon-
taneous bleeding in the joints, which produces severe pain and debilitating immobility; bleeding into muscles results in
the accumulation of blood in those tissues; spontaneous bleeding in the throat and neck may cause asphyxiation if not
immediately treated; renal bleeding; and severe bleeding following surgery, minor accidental injuries, or dental extractions
also are prevalent.
[0005] Treatment of a bleeding disorder, e.g., hemophilia is by replacement therapy targeting restoration of Factor
VIII and Factor IX activity. Treatment of hemophilia A is by replacement therapy targeting restoration of FVIII activity to
1 to 5 % of normal levels to prevent spontaneous bleeding (Mannucci, P.M., et al., N. Engl. J. Med. 344:1773-1779
(2001),). There are plasma-derived and recombinant FVIII products available to treat bleeding episodes on-demand or
to prevent bleeding episodes from occurring by treating prophylactically. Based on the half-life of these products treatment
regimens require frequent intravenous administration. Such frequent administration is painful and inconvenient.
[0006] Treatment of hemophilia B occurs by replacement of the missing clotting factor by exogenous factor concentrates
highly enriched in Factor IX, but is also problematic. Generating such a concentrate from blood is fraught with technical
difficulties. Purification of Factor IX from plasma (plasma derived Factor IX; pdFIX) almost exclusively yields active Factor
IX. However, such purification of factor IX from plasma is very difficult because Factor IX is only present in low concen-
tration in plasma (5 mg/mL. Andersson, Thrombosis Research 7: 451 459 (1975). Further, purification from blood requires
the removal or inactivation of infectious agents such as HIV and HCV. In addition, pdFIX has a short half-life and therefore
requires frequent dosing. Recombinant factor IX (rFIX) is also available, but suffers from the same short half-life and
need for frequent dosing (e.g., 2-3 times per week for prophylaxis) as pdFIX. rFIX also has a lower incremental recovery
(K value) compared to pdFIX, which necessitates the use of higher doses of rFIX than those for pdFIX.
[0007] Reduced mortality, prevention of joint damage and improved quality of life have been important achievements
due to the development of plasma-derived and recombinant Factor VIII and Factor IX products. Prolonged protection
from bleeding would represent another key advancement in the treatment of hemophilia patients. In order to address
this need, recombinant Factor VIII and Factor IX proteins expressed as Fc fusions are in development. However, methods
of determining appropriate dosage of these products, which have unique pharmacokinetic properties in humans have
not yet been developed. Therefore, there remains a need for improved methods of treating hemophilia due to Factor
VIII and Factor IX deficiencies that are more tolerable and more effective than current therapies. Shima, M., et al., (2008)
discloses the importance of measuring FVIII or FIX activity in the clinical management of haemophilia.

BRIEF SUMMARY OF THE INVENTION

[0008] The invention is defined by the appended claims. This disclosure provides a method for optimizing treatment
for a bleeding disorder in a subject in need thereof comprising: (a) measuring ex vivo at least one property of clot formation
in a blood sample taken from a patient having been administered an amount of Factor VIII or Factor IX chimeric polypep-
tide; and (b)comparing the at least one property against a corresponding standard ex vivo clot formation property, wherein
said standard clot formation property is correlated with a therapeutically efficacious treatment.
[0009] This disclosure further provides a method for optimizing treatment for a bleeding disorder in a patient in need
thereof comprising: (a) administering to the patient a Factor VIII or Factor IX chimeric polypeptide; (b)obtaining a blood
sample from the patient; (c) measuring at least one property of clot formation in the sample, wherein at least one property
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is one or more of thrombin generation, kinetics of clot formation, strength of clot formation, and stability of clot formation;
and (d) adjusting the amount of Factor VIII or Factor IX chimeric polypeptide in subsequent administrations relative to
the activity of the measured property.
[0010] This disclosure further provides a method for determining the efficacy of treatment for a bleeding disorder
comprising: (a) administering to the patient a Factor VIII or Factor IX chimeric polypeptide; (b) obtaining a blood sample
from the patient; (c) measuring at least one property of clot formation in the sample, wherein the at least one property
is one or more of thrombin generation, kinetics of clot formation, strength of clot formation, and stability of clot formation;
and (d) comparing the measured property of (c) to the measured property of a known normal sample, wherein substantially
similar properties between the normal and patient samples is indicative of therapeutic efficacy.
[0011] This disclosure further provides a method of treating a bleeding disorder in a patient comprising: a) obtaining
a blood sample from a patient being evaluated or treated for a bleeding disorder; b) measuring a clot formation property
in the blood sample; c) comparing the patient’s clot formation results with a corresponding standard, wherein the standard
correlates with a therapeutically efficacious treatment; and d) administering an optimized treatment to the patient, wherein
the treatment is maintained or adjusted based on the relative difference between the patient’s clot formation results and
the corresponding standard.
[0012] This disclosure further provides a method of treating a bleeding disorder in a patient comprising: a) obtaining
a blood sample from a patient being evaluated or treated for a bleeding disorder; b) submitting the blood sample for
measurement of a clot formation property and comparison to a corresponding standard, wherein the standard correlates
with a therapeutically efficacious treatment; and c) administering an optimized treatment to the patient, wherein the
treatment is maintained or adjusted based on the relative difference between the patient’s clot formation results and the
corresponding standard.
[0013] This disclosure further provides a method of treating a bleeding disorder in a patient comprising: a) measuring
a clot formation property in a blood sample obtained from a patient being evaluated or treated for a bleeding disorder;
b) comparing the patient’s clot formation results with a corresponding standard, wherein the standard correlates with a
therapeutically efficacious treatment; and c) instructing a healthcare provider to maintain or adjust the patient’s treatment,
wherein the treatment is maintained or adjusted based on the relative difference between the patient’s clot formation
results and the corresponding standard.
[0014] This disclosure further provides a method for optimizing bleeding disorder therapy in a patient comprising: a)
obtaining a blood sample from a patient being evaluated or treated for a bleeding disorder; b) measuring a clot formation
property in the blood sample; c) comparing the patient’s clot formation results with a corresponding standard, wherein
the standard correlates with a therapeutically efficacious treatment; and d) administering an optimized treatment to the
patient, wherein the treatment is maintained or adjusted based on the relative difference between the patient’s clot
formation results and the corresponding standard.
[0015] This disclosure further provides a method for optimizing bleeding disorder therapy in a patient comprising: a)
obtaining a blood sample from a patient being evaluated or treated for a bleeding disorder; b) submitting the blood
sample for measurement of a clot formation property and comparison to a corresponding standard, wherein the standard
correlates with a therapeutically efficacious treatment; and c) administering an optimized treatment to the patient, wherein
the treatment is maintained or adjusted based on the relative difference between the patient’s clot formation results and
the corresponding standard.
[0016] This disclosure further provides a method for optimizing bleeding disorder therapy in a patient comprising: a)
measuring a clot formation property in a blood sample obtained from a patient being evaluated or treated for a bleeding
disorder; b) comparing the patient’s clot formation results with a corresponding standard, wherein the standard correlates
with a therapeutically efficacious treatment; and c) instructing a healthcare provider to optimize the patient’s treatment,
wherein the treatment is maintained or adjusted based on the relative difference between the patient’s clot formation
results and the corresponding standard.
[0017] This disclosure further provides a method of determining efficacy of treatment for a bleeding disorder in a patient
comprising: a) obtaining a blood sample from a patient being evaluated or treated for a bleeding disorder; b) measuring
a clot formation property in the blood sample; c) comparing the patient’s clot formation results with a corresponding
standard, wherein the standard is representative of a therapeutically efficacious treatment, and wherein a similarity
between the patient’s results and the standard is indicative of efficacy of the patient’s current treatment; and d) maintaining
or adjusting the patient’s treatment based on the relative difference between the patient’s clot formation results and the
corresponding standard.
[0018] This disclosure further provides a method of determining efficacy of treatment for a bleeding disorder in a patient
comprising: a) obtaining a blood sample from a patient being evaluated or treated for a bleeding disorder; b) submitting
the blood sample for measurement of a clot formation property and comparison to a corresponding standard, wherein
the standard correlates with a therapeutically efficacious treatment, and wherein a similarity between the patient’s results
and the standard is indicative of efficacy of the patient’s current treatment; and c) maintaining or adjusting the patient’s
treatment based on the relative difference between the patient’s clot formation results and the corresponding standard.
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[0019] This disclosure further provides a method of determining efficacy of treatment for a bleeding disorder in a patient
comprising: a) measuring a clot formation property in a blood sample obtained from a patient being evaluated or treated
for a bleeding disorder; b) comparing the patient’s clot formation results with a corresponding standard, wherein the
standard is representative of a therapeutically efficacious treatment, and wherein a similarity between the patient’s results
and the standard is indicative of the efficacy of patient’s current treatment; and c) instructing a healthcare provider to
maintain or adjust the patient’s treatment based on the relative difference between the patient’s clot formation results
and the corresponding standard.
[0020] This disclosure further provides a method for standardizing hemostasis assay results, comprising: a) obtaining
blood samples from a population of patients being treated for bleeding disorders; b) measuring a clot formation property
in the blood samples, wherein the measurements are performed using standardized reagents and methods; c) comparing
the patients’ clot formation results with a corresponding standard, wherein the standard is representative of a therapeu-
tically efficacious treatment, and wherein a similarity between the patients’ results and the standard are indicative of
efficacy of the patient’s current treatments; and d) maintaining or adjusting the patients’ treatments based on the relative
difference between the patients’ clot formation results and the corresponding standard.
[0021] This disclosure further provides a method for standardizing hemostasis assay results, comprising: a) obtaining
blood samples from a population of patients being treated for bleeding disorders; b) submitting the blood samples for
measurement of a clot formation property and comparison to a corresponding standard, wherein the measurements are
performed using standardized reagents and methods, wherein the standard correlates with a therapeutically efficacious
treatment, and wherein a similarity between the patients’ results and the standard are indicative of efficacy of the patients’
current treatments; and c) maintaining or adjusting the patients’ treatments based on the relative difference between
the patient’s clot formation results and the corresponding standard.
[0022] This disclosure further provides a method for standardizing hemostasis assay results, comprising: a) measuring
a clot formation property in a blood samples obtained from a population of patients being treated for a bleeding disorder;
b) comparing the patients’ clot formation results with a corresponding standard, wherein the standard is representative
of a therapeutically efficacious treatment, wherein the measurements are performed using standardized reagents and
methods, and wherein a similarity between the patients’ results and the standard are indicative of the efficacy of patients
current treatments; and c) instructing healthcare providers from whom the samples are obtained to maintain or adjust
their patients’ treatments based on the relative difference between the patients’ clot formation results and the corre-
sponding standard.
[0023] This disclosure further provides a method for standardizing results in a multi-site clotting factor clinical trial,
comprising: a) obtaining blood samples from test subjects with bleeding disorders at multiple clinical trial sites; b) meas-
uring a clot formation property in the blood samples, wherein the measurements are performed using common reagents
and methods; c) comparing the patients’ clot formation results with a corresponding standard, wherein the standard is
representative of a therapeutically efficacious treatment, wherein a similarity between the patients’ results and the
standard are indicative of efficacy of the patient’s current treatments, and wherein the variance of results between the
multiple clinical trial sites is not statistically significant; and d) maintaining or adjusting the patients’ treatments based
on the relative difference between the patients’ clot formation results and the corresponding standard.
[0024] This disclosure further provides a method for standardizing results in a multi-site clotting factor clinical trial,
comprising: a) obtaining blood samples from test subjects with bleeding disorders at multiple clinical trial sites; b) sub-
mitting the blood samples for measurement of a clot formation property and comparison to a corresponding standard,
wherein the measurements are performed using common reagents and methods, wherein the standard correlates with
a therapeutically efficacious treatment, wherein a similarity between the patients’ results and the standard are indicative
of efficacy of the patients’ current treatments, and wherein the variance of results between the multiple clinical trial sites
is not statistically significant; and c) maintaining or adjusting the patients’ treatments based on the relative difference
between the patient’s clot formation results and the corresponding standard.
[0025] This disclosure further provides a method for standardizing results in a multi-site clotting factor clinical trial,
comprising: a) measuring a clot formation property in a blood samples obtained from test subjects with bleeding disorders
at multiple clinical trial sites; b) comparing the patients’ clot formation results with a corresponding standard, wherein
the measurements are performed using common reagents and methods, wherein the standard correlates with a thera-
peutically efficacious treatment, wherein a similarity between the patients’ results and the standard are indicative of
efficacy of the patients’ current treatments, and wherein the variance of results between the multiple clinical trial sites
is not statistically significant; and c) instructing healthcare providers participating in the clinical trial, from whom the
samples were obtained, to maintain or adjust the test subjects’ treatments based on the relative difference between the
patients’ clot formation results and the corresponding standard.
[0026] In certain embodiments the at least one property is assessed by assaying one or more of thrombin generation,
kinetics of clot formation, strength of clot formation, and stability of clot formation. In certain aspects the at least one
property is measured by one or more of thrombin generation assay (TGA), thromboelastography (TEG), rotation throm-
boelastometry (ROTEM®), and waveform analysis.
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[0027] In certain aspects the method further comprises adjusting the amount of Factor VIII or Factor IX chimeric
polypeptide administered to the subject in subsequent administrations to achieve a more efficacious outcome. In certain
aspects the Factor VIII or Factor IX chimeric polypeptide comprises a Fc domain, e.g., a human Fc domain.
[0028] In some embodiments, the Factor VIII chimeric polypeptide for use in the method provided comprises a B-
domain deleted Factor VIII. The Factor VIII chimeric polypeptide can comprise SEQ ID NO:6 and or SEQ ID NO:2. In
some embodiments the Factor IX chimeric polypeptide can comprise SEQ ID NO: 14.
[0029] The blood sample for use in the method provided can be, e.g., whole blood or plasma.
[0030] This disclosure further provides a method of quantifying an amount of protein capable of exhibiting FIX activity
which is in its activated form (activated FIX protein) in a test sample, the method comprising: measuring thrombin
generation activity for the test sample in the presence of FIX-deficient plasma or FIX-deficient blood and in the presence
of exogenous thrombin, wherein the exogenous thrombin is present at a concentration of not more than about 50 nM,
wherein the measuring is performed in the absence of exogenous tissue factor (TF), and wherein the amount of activated
FIX protein in the test sample is indicated by the thrombin generation activity measured for the test sample. In certain
aspects the measuring is performed in the presence of phospholipids.
[0031] In certain aspects of this method, an activated FIX protein standard curve is used to determine the amount of
activated FIX protein in the test sample. The standard curve can be constructed by, e.g., (a) providing at least two
reference samples, each containing a different, known concentration of activated FIX reference protein; and (b) measuring
thrombin generation activity for each reference sample in the presence of FIX-deficient plasma or FIX-deficient blood
and in the presence of exogenous thrombin, wherein the exogenous thrombin is present at a concentration of not more
than about 50 nM, wherein the measuring is performed in the absence of exogenous tissue factor (TF), and wherein the
concentration of activated FIX reference protein in the reference sample is indicated by the thrombin generation activity
measured for the reference sample. In certain aspects each reference sample comprises from about 0 pM to about 200
pM, or from about 0 pM to about 100 pM of activated FIX protein. The activated FIX reference protein can be, for example,
plasma derived activated FIX protein.
[0032] In certain embodiments of this method, the exogenous thrombin can be present at a concentration of not more
than about 40 nM, not more than about 30 nM, not more than about 20 nM, or not more than about 10 nM, e.g., a
concentration of about 1 nM to about 10 nM, or about 5 nM.
[0033] In certain embodiments of this method, the FIX-deficient plasma can be human FIX-deficient plasma.
[0034] This method can be adapted to accurately measure, e.g., less than about 100 pM, less than about 90 pM, less
than about 80 pM, less than about 70 pM, less than about 60 pM, less than about 50 pM, less than about 30 pM, less
than about 20 pM, less than about 10 pM, or less than about 5 pM of activated FIX protein in the test sample.
[0035] In certain aspects the test sample comprises a total amount of protein capable of exhibiting factor IX activity,
wherein a portion of the total amount is present in its activated form. For example, the test sample can comprise a total
amount of protein capable of exhibiting FIX activity, where less than about 1 % (w/w) of the total amount of the protein
capable of exhibiting FIX activity is present in its activated form. For example in certain aspects the test sample contains
less than 2 pM of activated FIX protein. In certain embodiments the protein having FIX activity comprises a heterologous
moiety, e.g., an immunoglobulin constant (Fc) region or a portion thereof, albumin or a fragment thereof, a XTEN
polypeptide, a straight or branched polyethylene glycol (PEG) moiety, a PAS sequence, or a hydroxyethyl starch (HES)
moiety or a derivative thereof. In certain embodiments the heterologous moiety is a first Fc region and can comprise a
second Fc region, wherein the second Fc region is associated with the first Fc region by a covalent bond or a non-
covalent bond. In certain aspects the protein capable of exhibiting FIX activity is a recombinant Factor IX-Fc fusion (FIX-
Fc) protein.

BRIEF DESCRIPTION OF THE FIGURES

[0036]

FIG. 1. Schematic Representation of rFVIIIFc protein.
FIG. 2. Schematic of one type of Factor IX chimeric polypeptide, a rFIXFc protein.
FIG. 3A. TGA Activity dose response curves for BENEFIX® and rFIXFc in FIX-deficient plasma.
FIG. 3B. TGA Activity for BENEFIX® and rFIXFc in FIX-deficient plasma in the absence of tissue factor (auto-
activation). Without tissue factor, BENEFIX® (1 IU/mL) generated a significant amount of thrombin whereas rFIXFc
(1 IU/mL) demonstrated no thrombin generation.
FIG. 3C. Thrombin generation profile of BENEFIX® after active site inhibition of protease (FIXa). Active site-inhibited
BENEFIX® showed similar thrombin generation ability to rFIXFc.
FIG. 3D. Titration of plasma-derived FIXa into FIX-deficient plasma in the absence of tissue factor.
FIG. 3E. Quantification of FIXa in BeneFIX® and rFIXFc drug products by TGA (standard curve). Y axis = nM
thrombin as in Fig. 3D.
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FIG. 3F. Tissue factor-triggered thrombin generation profile comparing BeneFIX® and rFIXFc, each supplemented
with increasing plasma-derived FIXa.
FIG. 4. Standardization of ROTEM® in a Factor VIII clinical trial.
FIG. 5. Pharmacokinetics of rFVIIIFc by one stage assay activity.
FIG. 6A. - FIG. 6C. rFVIIIFc ROTEM® results are reproducible within a subject. NATEM (6A): very sensitive as-
sessment of the equilibrium of coagulation activation or inhibition; EXTEM (6C): Fast assessment of clot formation,
fibrin polymerization and fibrinolysis via the extrinsic pathway; INTEM (6B): Fast assessment of clot formation, fibrin
polymerization and fibrinolysis via the intrinsic pathway.
FIG. 7A - FIG. 7C. Correlation between FVIII activity and ROTEM® clot time. NATEM (7A): very sensitive assessment
of the equilibrium of coagulation activation or inhibition; EXTEM (7C): Fast assessment of clot formation, fibrin
polymerization and fibrinolysis via the extrinsic pathway; INTEM (7B): Fast assessment of clot formation, fibrin
polymerization and fibrinolysis via the intrinsic pathway.
FIG. 8. Workflow diagram for standardization of ROTEM® in a Phase 3 clinical trial.
FIG. 9. Variability and range of ROTROL N results at 7 clinical sites.
FIG. 10. Subject-specific differences in coagulation patterns of FIX- deficient plasma. FIG. 10A and FIG 10C: RO-
TEM® parameters at equivalent FIX levels were significantly different in two donor plasmas. FIG. 10B: Plasma of
Donor 2 demonstrated longer clot time by aPTT compared to plasma of Donor 1.
FIG. 11. ROTEM® coagulation results using plasma controls (FIX-deficient plasma spiked with 1 IU/dL, 5 IU/dL, 15
IU/Dl or 30 IU/dL or rFIX. Comparison of results between single (local) site and global sites.
FIG. 12. ROTEM® coagulation times using plasma controls (hemophilic plasma spiked with 30%, 15%, 5% and 1%
of Factor VIII). Comparison of results between single (local) site and global sites.
FIG. 13: one-stage assay reagents and critical steps in methodology employed by the 30 participating laboratories.
FIG. 14: Performance of rFVIIIFc in Field Studies (One-Stage Clotting Assay, n=30 labs).
FIG. 15: Performance of rFVIIIFc in Field Studies (Chromogenic Assay, n=11 labs).
FIG. 16: Chromogenic / One-Stage Assay Ratio in Clinical Assays.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Use of in vitro one stage clotting assays or chromogenic substrate assays are not reliably predictive of in vivo
activity for long acting Factor VIII and Factor IX therapeutics. Therefore, this disclosure provides methods of optimizing
dosing strategies for Factor VIII ("FVIII") and Factor IX ("FIX") therapeutics using global hemostasis assays. Certain
FVIII and FIX polypeptides for use in the methods provided herein are described in International Application No.
PCT/US2010/059136, filed December 6, 2010, and in International Application No. PCT/US2011/043569, filed July 11,
2011.
[0038] Certain commercially-available FIX therapeutic compositions contain amounts of activated FIX protein (see,
e.g., R. T. Peters et al. Prolonged activity of factor IX as a monomeric Fc fusion protein. Blood 2010; 115: 2057-2064),
and certain assay formats used to determine the therapeutic potency/strength of FIX compositions (e.g., in quality control
analyses) can produce misleading results due to the presence of activated FIX protein (e.g., residual activated FIX
protein) in those compositions.
[0039] This disclosure provides assay procedures which can distinguish the in vitro biological activity derived from
native FIX protein versus the in vitro activity derived from the corresponding activated (i.e., pre-activated) form of the
FIX protein. Activated FIX protein in such preparations can be considered an impurity because the activated protein
does not possess the same beneficial in vivo biological activities as the FIX protein which is activated in vivo. The assay
procedures provided in this application can be used to detect the presence of activated FIX protein in a test sample,
and can also be used to accurately measure very small concentrations (e.g., less than 100 pM) of activated FIX protein
in a test sample (high-sensitivity assay).
[0040] In some aspects, this disclosure provides methods (e.g., high-sensitivity methods) of quantifying an amount
(or determining the concentration of) protein having FIX activity which is in its activated form (pre-activated FIX protein)
in a test sample. An exemplary method comprises: (i) measuring thrombin generation activity for the test sample in the
presence of FIX-deficient plasma or FIX-deficient blood and in the presence of exogenous thrombin, wherein the exog-
enous thrombin is present at a concentration of not more than about 50 nM (e.g., not more than about 30 nM, not more
than about 10 nM, or about 5 nM), and wherein the measuring is performed in the absence of exogenous tissue factor
(TF). The amount or concentration of activated FIX protein in the test sample is indicated by the thrombin generation
activity measured for the test sample.
[0041] Another exemplary method comprises: (i) measuring thrombin generation activity in an assay mixture comprising
the test sample, wherein the assay mixture further comprises FIX-deficient plasma or FIX-deficient blood and exogenous
thrombin, wherein the exogenous thrombin is added to the assay mixture prior to measuring (e.g., prior to initiating
thrombin generation) at a concentration of not more than about 50 nM (e.g., not more than about 50 nM, or not more
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than about 10 nM), and wherein the measuring is performed in the absence of exogenous tissue factor (TF). The amount
or concentration of activated FIX protein in the test sample is indicated by the thrombin generation activity measured
for the assay mixture.
[0042] Thrombin generation activity can be expressed, e.g., as the amount of thrombin generated or the peak thrombin
concentration measured during the assay procedure. Thrombin generation activity can be determined, e.g., using a
known thrombin generation assay (TGA) adapted according to the method above. An exemplar TGA is described in
Example 1. Typical TGA assay results are depicted in FIG. 3A to FIG. 3F.
[0043] The test sample can be any sample containing a protein having FIX activity. In one example, the test sample
is a pharmaceutical preparation containing a protein having FIX activity, e.g., recombinant protein having FIX activity
(e.g., recombinant FIX, such as BENEFIX® or rFIX-Fc).
[0044] In one example, the test sample comprises a total amount of protein having FIX activity. The above method is
useful to determine how much (if any) (e.g., percentage, ratio) of the total amount of protein having FIX activity in the
test sample is present in its activated form. In another example, the test sample includes a total amount of protein having
FIX activity, wherein a portion (e.g., less than 10 %) of the total amount is present in its activated form. In another
example, the test sample includes a total amount of protein having FIX activity, wherein essentially none (e.g., less than
0.2 % w/w) of the total amount is present in its activated form.
[0045] The above method can further include: (ii) using an activated FIX protein standard curve to determine the
concentration or the amount of activated FIX protein in the test sample.
[0046] In one example according to any of the above embodiments, the method further comprises prior to the measuring:
contacting the test sample with the FIX-deficient plasma or blood. This can be accomplished, e.g., by spiking the test
sample into a volume of FIX-deficient plasma or blood.
[0047] In one example according to any of the above embodiments, the FIX-deficient plasma is hemophilic plasma
(e.g., plasma derived from FIX-deficient, e.g., hemophilic whole blood). In another example, the FIX-deficient plasma is
human FIX-deficient or hemophilic plasma. In yet another example, the FIX-deficient blood is human FIX-deficient blood.
[0048] The term "absence of tissue factor" indicates that no exogenous TF is added as an assay reagent. However,
small amounts of TF can be present in the assay mixture, e.g., as a result of using FIX-deficient plasma or blood, in
which endogenous TF may be present. Hence, a low level of thrombin generation activity may be measured due to the
presence of endogenous TF. However, any residual thrombin generation activity can be accounted for by constructing
a standard curve as described herein below. In one example, the concentration of TF present during the measuring is
less than about 5 pM, less than about 1 pM, less than about 0.5 pM, less than about 0.1 pM, less than about 0.05 pM,
or less than about 0.01 pM.
[0049] Unexpectedly, the inventors have discovered that a small amount of thrombin added to the assay mixture at
the outset of the assay (e.g., before the thrombin generation is initiated) significantly increases the sensitivity of the
assay for measuring activated FIX protein present in a test sample.
[0050] For example, "exogenous thrombin" is added to the assay mixture prior to measuring thrombin generation,
e.g., prior to initiating the thrombin generation reaction (e.g., prior to adding a reaction starter). In one example, the
thrombin generation is initiated by adding calcium to the assay mixture (i.e., re-calcification). In one example according
to any of the above embodiments, the exogenous thrombin is present (e.g., is added to the assay mixture prior to initiating
the thrombin generation reaction) at a concentration of not more than about 90 nM, not more than about 80 nM, not
more than about 70 nM, not more than about 60 nM, not more than about 50 nM, not more than about 40 nM, not more
than about 30 nM, not more than about 20 nM, not more than about 10 nM, or from about 1 nM to about 20 nM. In
another example according to any of the above embodiments, the exogenous thrombin is present (e.g., is added to the
assay mixture) at a concentration of at least about 0.1 nM, at least about 0.2 nM, at least about 0.3 nM, at least about
0.5 nM, at least about 0.6 nM, at least about 0.7 nM, at least about 0.8 nM, at least about 0.8 nM, at least about 1 nM,
at least about 2 nM, at least about 3 nM, at least about 4 nM, or at least about 5 nM. In another example, the thrombin
is present at a concentration of about 1 nM to about 10 nM or from about 3 nM to about 8 nM. In yet another example,
the exogenous thrombin is present at a concentration of about 5 nM.
[0051] In one example according to any of the above embodiments, the measuring is performed in the presence of
phospholipids (PL). For example, the measuring is performed in the presence of at least about 0.5 mM, 1 mM, at least
about 2 mM, at least about 3 mM, at least about 4 mM, at least about 5 mM, at least about 6 mM, at least about 7 mM, at
least about 8 mM, at least about 9 mM, or at least about 10 mM of phospholipids. For example, the measuring is performed
in the presence of from about 1 uM to about 10 mM, from about 2 mM to about 6 mM, about 3 to 5 mM, or about 4 mM
phospholipids.
[0052] In another example according to any of the above embodiments, the protein having FIX activity can be any
Factor IX protein, e.g., those described herein. In another example according to this method, the protein having FIX
activity is a chimeric FIX protein comprising a heterologous moiety, e.g., selected from those described herein. In yet
another example, the protein having FIX activity comprises a heterologous moiety selected from an immunoglobulin
constant (Fc) region or a portion thereof, albumin or a fragment thereof, a XTEN polypeptide, a straight or branched
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polyethylene glycol (PEG) moiety, a PAS sequence, and a hydroxyethyl starch (HES) moiety or a derivative thereof. In
a further example, the heterologous moiety contains at least one Fc region or a portion thereof. In another example, the
heterologous moiety contains a first Fc region. In another example, the heterologous moiety contains a first Fc region
and further comprises a second Fc region, wherein the second Fc region is associated with the first Fc region (e.g., by
a covalent bond or a non-covalent bond).
[0053] In yet another example according to any of the above embodiments, the protein having FIX activity is a recom-
binant Factor IX-Fc fusion (FIX-Fc) protein, e.g., selected from those described herein.
[0054] In one example according to any of the above embodiments, the method further comprises (iii) constructing
an activated FIX protein standard curve. In one example, the standard curve is constructed by (a) providing reference
samples (e.g., at least two reference samples), each containing a different concentrations of activated FIX protein (e.g.,
exogenous FIX protein); and (b) measuring thrombin generation activity for each reference sample using the thrombin
generation assay (TGA) described above. For example, the measuring is performed in the presence of FIX-deficient
plasma or blood, the measuring is performed in the presence of exogenous thrombin, wherein the exogenous thrombin
is present at a concentration of not more than about 100 nM, and the measuring is performed in the absence of tissue
factor (TF) (e.g., exogenous TF).
[0055] The concentration/amount of activated FIX protein in the reference sample is indicated by the thrombin gen-
eration activity measured for the reference sample.
[0056] In another example, the standard curve is constructed by (a) mixing increasing amounts of activated FIX protein
(e.g., exogenous plasma derived activated FIX protein) with FIX-deficient plasma or blood (e.g., spiking increasing
concentrations of activated FIX protein into FIX-deficient plasma or blood) thereby creating a number of reference
samples containing various concentrations of activated FIX protein; and (b) measuring thrombin generation activity for
each reference sample using the thrombin generation assay (TGA) described above.
[0057] In one example according to any of the above embodiments, the reference samples used to construct the
standard curve contain from about 0 pM to about 500 pM, from about 0 pM to about 400 pM, from about 0 pM to about
300 pM, from about 0 pM to about 200 pM of activated FIX protein. In another example, the reference samples used to
construct the standard curve contain from about 0 pM to about 100 pM of activated FIX protein.
[0058] In yet another example according to any of the above embodiments, the above method further comprises (iv)
using the standard curve to determine the concentration/amount of activated FIX protein in the test sample.
[0059] In yet another example according to any of the above embodiments, the method is useful to measure very low
concentrations of activated FIX protein. In one example, the TGA is adapted to accurately (e.g., with not more than 610
% inter-assay variability) measure less than about 500 pM, less than about 400 pM, less than about 300 pM, less than
about 200 pM, less than about 100 pM, less than about 90 pM, less than about 80 pM, less than about 70 pM, less than
about 60 pM, less than about 50 pM, less than about 30 pM, less than about 20 pM, less than about 10 pM, or less than
about 5 pM of activated FIX protein in the test sample or the reference sample.
[0060] In a further example according to any of the above embodiments, less than about 20 %, less than about 10 %,
less than about 1 % (w/w), less than about 0.9 % (w/w), less than about 0.8 % (w/w), less than about 0.7 % (w/w), less
than about 0.6 % (w/w), less than about 0.5 % (w/w), less than about 0.4 % (w/w), less than about 0.3 % (w/w), less
than about 0.2 % (w/w), or less than about 0.1 % (w/w) of the total amount of the protein having FIX activity contained
in the test sample, is present as its activated form.
[0061] In another example according to any of the above embodiments, less than about 20 %, less than about 10 %,
less than about 1 %, less than about 0.9 %, less than about 0.8 %, less than about 0.7 %, less than about 0.6 %, less
than about 0.5 %, less than about 0.4 %, less than about 0.3 %, less than about 0.2 %, or less than about 0.1 % of the
total TGA activity of the test sample is due to the presence of activated FIX protein.
[0062] In yet another example, the test sample contains less than about 50 pM, less than about 40 pM, less than about
30 pM, less than about 20 pM, less than about 10 pM, less than about 9 pM, less than about 8 pM, less than about 7
pM, less than about 6 pM, less than about 5 pM, less than about 4 pM, less than about 3 pM, or less than about 2 pM
of activated FIX protein.

I. Definitions

[0063] "Global hemostasis assays" as used herein, are assays that detect mechanical properties of clot formation.
Such properties include the patterns of changes in shear elasticity of the developing clot, determination of the kinetics
of clot formation, as well as the strength and stability of the formed clot. Included in the measured properties is thrombin
generation. These properties can be measured by any assay known in the art, including but not limited to, thrombin
generation assays (TGA), thromboelastography (TEG), rotation thromboelastometry (ROTEM®, instrumentation and
methods available from Tem International GmbH, Munich, Germany), and waveform analyses. As is known in the art,
thromboelastometry is a viscoelastometric method for hemostasis testing in whole blood. TEM measures the interactions
of coagulation factors, inhibitors and cellular components during the phases of clotting and subsequent lysis over time.
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TEG is a method of testing the efficiency of coagulation in the blood. For example, TGA can be used to monitor the
amount of active thrombin produced in patient plasma after recalcification, which represents a useful indication in the
evaluation of coagulation capacity of hemophilic plasma.
[0064] "Exogenous" in connection with a substance used in an assay (e.g., TGA) procedure means that the substance
(e.g., tissue factor, thrombin) is added to an assay solution or assay buffer (e.g., as a reagent). The same substance
may or may not be endogenously present, e.g., when whole blood plasma is used for an assay. The term "exogenous
thrombin" must be distinguished from the thrombin, which is generated in an assay (e.g., a thrombin generation assay).
For example, "exogenous thrombin" is added to the assay mixture prior to initiating a thrombin generation reaction, e.g.,
by adding a reaction starter. In one example, a thrombin generation is initiated by adding calcium to the assay mixture
(i.e., re-calcification). In another example, "exogenous thrombin" is added to the assay mixture prior to initiating the
thrombin generation.
[0065] "Administering," as used herein, means to give a pharmaceutically acceptable Factor VIII or Factor IX polypep-
tide, including a chimeric polypeptide, to a subject via a pharmaceutically acceptable route. Routes of administration
include intravenous, e.g., intravenous injection and intravenous infusion, e.g., via central venous access. Additional
routes of administration include subcutaneous, intramuscular, oral, nasal, and pulmonary administration. In some em-
bodiments, the administration is subcutaneous. Factor VIII and Factor IX chimeric polypeptides and hybrid proteins can
be administered as part of a pharmaceutical composition comprising at least one excipient. Advantages of the present
invention include: improved regimen compliance; reduced break through bleeds; increased protection of joints from
bleeds; prevention of joint damage; reduced morbidity; reduced mortality; prolonged protection from bleeding; decreased
thrombotic events; and improved quality of life.
[0066] "Culture," "to culture" and "culturing," as used herein, means to incubate cells under in vitro conditions that
allow for cell growth or division or to maintain cells in a living state. "Cultured cells," as used herein, means cells that
are propagated in vitro.
[0067] "Equivalent amount," as used herein, means the same amount of Factor VIII or Factor IX activity as expressed
in International Units, which is independent of molecular weight of the polypeptide in question. One International Unit
(IU) of Factor VIII or Factor IX activity corresponds approximately to the quantity of Factor VIII or Factor IX in one milliliter
of normal human plasma. Several assays are available for measuring Factor VIII or Factor IX activity, including the
European Pharmacopoeia chromogenic substrate assay and a one stage clotting assay.
[0068] "Polypeptide," "peptide" and "protein" are used interchangeably and refer to a polymeric compound comprised
of covalently linked amino acid residues.
[0069] "Polynucleotide" and "nucleic acid" are used interchangeably and refer to a polymeric compound comprised
of covalently linked nucleotide residues. Polynucleotides can be DNA, cDNA, RNA, single stranded, or double stranded,
vectors, plasmids, phage, or viruses. Polynucleotides include those in SEQUENCE Table 1, which encode the polypep-
tides of SEQUENCE Table 2 (see SEQUENCE Table 1). Polynucleotides also include fragments of the polynucleotides
of SEQUENCE Table 1, e.g., those that encode fragments of the polypeptides of SEQUENCE Table 2, such as Factor
VIII, Factor IX, Fc, signal sequence, propeptide, 6His and other fragments of the polypeptides of SEQUENCE Table 2.
[0070] "Subject," as used herein means a human or a non-human mammal. Non-human mammals include mice, dogs,
primates, bears, cats, horses, cows, pigs, and other domestic animals and small animals. Subjects also include pediatric
humans. Pediatric human subjects are birth to 20 years, e.g., birth to 18 years, birth to 16 years, birth to 15 years, birth
to 12 years, birth to 11 years, birth to 6 years, birth to 5 years, birth to 2 years, or 2 to 11 years of age.
[0071] The methods of the invention can be practiced on a subject in need of control or prevention of bleeding, bleeding
episodes, or hemophilia disorders. Such subjects include those in need of control or prevention of bleeding in minor
hemorrhage, hemarthroses, superficial muscle hemorrhage, soft tissue hemorrhage, moderate hemorrhage, intramuscle
or soft tissue hemorrhage with dissection, mucous membrane hemorrhage, hematuria, major hemorrhage, hemorrhage
of the pharynx, hemorrhage of the retropharynx, hemorrhage of the retroperitonium, hemorrhage of the central nervous
system, bruises, cuts, scrapes, joint hemorrhage, nose bleed, mouth bleed, gum bleed, intracranial bleeding, intraperi-
toneal bleeding, minor spontaneous hemorrhage, bleeding after major trauma, moderate skin bruising, or spontaneous
hemorrhage into joints, muscles, internal organs or the brain. Such subjects also include those need of peri-operative
management., such as management of bleeding associated with surgery or dental extraction.
[0072] "Variant," as used herein, refers to a polynucleotide or polypeptide differing from the original polynucleotide or
polypeptide, but retaining essential properties thereof, e.g., Factor VIII coagulant activity, Factor IX coagulant activity or
Fc (FcRn binding) activity. Generally, variants are overall closely similar, and, in many regions, identical to the original
polynucleotide or polypeptide. Variants include polypeptide and polynucleotide fragments, deletions, insertions, and
modified versions of original polypeptides.
[0073] Variant polynucleotides can comprise, or alternatively consist of, a nucleotide sequence which is at least 85%,
90%, 95%, 96%, 97%, 98% or 99% identical to, for example, the nucleotide coding sequence in SEQ ID NO:1, 3, 5, 7,
9, 11, or 13 (the Factor VIII portion, the Factor IX portion, the Fc portion, individually or together) or the complementary
strand thereto, the nucleotide coding sequence of known mutant and recombinant Factor VIII, Factor IX, or Fc such as
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those disclosed in the publications and patents cited herein or the complementary strand thereto, a nucleotide sequence
encoding the polypeptide of SEQ ID NO:2, 4, 6, 8, 10, 12, or 14 (the Factor VIII portion, the Factor IX portion, the Fc
portion, individually or together), and/or polynucleotide fragments of any of these nucleic acid molecules (e.g., those
fragments described herein). Polynucleotides which hybridize to these nucleic acid molecules under stringent hybridi-
zation conditions or lower stringency conditions are also included as variants, as are polypeptides encoded by these
polynucleotides as long as they are functional.
[0074] Variant polypeptides can comprise, or alternatively consist of, an amino acid sequence which is at least 85%,
90%, 95%, 96%, 97%, 98%, 99% identical to, for example, the polypeptide sequence shown in SEQ ID NO:2, 4, 8, 8,
10, 12, or 14 (the Factor VIII portion, the Factor IX portion, the Fc portion, individually or together), and/or polypeptide
fragments of any of these polypeptides (e.g., those fragments described herein).
[0075] By a nucleic acid having a nucleotide sequence at least, for example, 95% "identical" to a reference nucleotide
sequence, it is intended that the nucleotide sequence of the nucleic acid is identical to the reference sequence except
that the nucleotide sequence can include up to five point mutations per each 100 nucleotides of the reference nucleotide
sequence. In other words, to obtain a nucleic acid having a nucleotide sequence at least 95% identical to a reference
nucleotide sequence, up to 5% of the nucleotides in the reference sequence can be deleted or substituted with another
nucleotide, or a number of nucleotides up to 5% of the total nucleotides in the reference sequence can be inserted into
the reference sequence. The query sequence can be, for example, the entire sequence shown in SEQ ID NO:1, 3, 5,
7, 9, 11, or 13, an ORF (open reading frame), or any fragment specified as described herein.
[0076] A polypeptide which is "isolated" is a polypeptide which is in a form not found in nature. Isolated polypeptides
include those which have been purified to a degree that they are no longer in a form in which they are found in nature.
In some embodiments, a polypeptide which is isolated is substantially pure.
[0077] A "recombinant" polypeptide or protein refers to a polypeptide or protein produced via recombinant DNA tech-
nology. Recombinantly produced polypeptides and proteins expressed in host cells are considered isolated for the
purpose of the invention, as are native or recombinant polypeptides which have been separated, fractionated, or partially
or substantially purified by any suitable technique. The polypeptides disclosed herein, e.g., clotting factors or procoagulant
peptides, can be recombinantly produced using methods known in the art. Alternatively, proteins and peptides disclosed
herein can be chemically synthesized.
[0078] A "conservative amino acid substitution" is one in which the amino acid residue is replaced with an amino acid
residue having a similar side chain. Families of amino acid residues having similar side chains have been defined in the
art, including basic side chains (e.g., Lys, Arg, His), acidic side chains (e.g., Asp, Glu), uncharged polar side chains
(e.g., Gly, Asn, Gln, Ser, Thr, Tyr, Cys), nonpolar side chains (e.g., Ala, Val, Leu, Ile, Pro, Phe, Met, Trp), beta-branched
side chains (e.g., Thr, Val, Ile) and aromatic side chains (e.g., Tyr, Phe, Trp, His). Thus, if an amino acid in a polypeptide
is replaced with another amino acid from the same side chain family, the substitution is considered to be conservative.
In another embodiment, a string of amino acids can be conservatively replaced with a structurally similar string that
differs in order and/or composition of side chain family members.
[0079] Non-conservative substitutions include those in which (i) a residue having an electropositive side chain (e.g.,
Arg, His or Lys) is substituted for, or by, an electronegative residue (e.g., Glu or Asp), (ii) a hydrophilic residue (e.g., Ser
or Thr) is substituted for, or by, a hydrophobic residue (e.g., Ala, Leu, He, Phe or Val), (iii) a cysteine or proline is
substituted for, or by, any other residue, or (iv) a residue having a bulky hydrophobic or aromatic side chain (e.g., Val,
He, Phe or Trp) is substituted for, or by, one having a smaller side chain (e.g., Ala, Ser) or no side chain (e.g., Gly).
[0080] The term "percent sequence identity" between two polynucleotide or polypeptide sequences refers to the
number of identical matched positions shared by the sequences over a comparison window, taking into account additions
or deletions (e.g., gaps) that must be introduced for optimal alignment of the two sequences. A matched position is any
position where an identical nucleotide or amino acid is presented in both the target and reference sequence. Gaps
presented in the target sequence are not counted since gaps are not nucleotides or amino acids. Likewise, gaps presented
in the reference sequence are not counted since target sequence nucleotides or amino acids are counted, not nucleotides
or amino acids from the reference sequence.
[0081] The percentage of sequence identity is calculated by determining the number of positions at which the identical
amino-acid residue or nucleic acid base occurs in both sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of positions in the window of comparison and multiplying the result
by 100 to yield the percentage of sequence identity. The comparison of sequences and determination of percent sequence
identity between two sequences can be accomplished using readily available software both for online use and for
download. Suitable software programs are available from various sources, and for alignment of both protein and nucleotide
sequences. One suitable program to determine percent sequence identity is bl2seq, part of the BLAST suite of program
available from the U.S. government’s National Center for Biotechnology Information BLAST web site (blast.nc-
bi.nlm.nih.gov). Bl2seq performs a comparison between two sequences using either the BLASTN or BLASTP algorithm.
BLASTN is used to compare nucleic acid sequences, while BLASTP is used to compare amino acid sequences. Other
suitable programs are, e.g., Needle, Stretcher, Water, or Matcher, part of the EMBOSS suite of bioinformatics programs
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and also available from the European Bioinformatics Institute (EBI) at www.ebi.ac.uk/Tools/psa.
[0082] Different regions within a single polynucleotide or polypeptide target sequence that aligns with a polynucleotide
or polypeptide reference sequence can each have their own percent sequence identity. It is noted that the percent
sequence identity value is rounded to the nearest tenth. For example, 80.11, 80.12, 80.13, and 80.14 are rounded down
to 80.1, while 80.15, 80.16, 80.17, 80.18, and 80.19 are rounded up to 80.2. It also is noted that the length value will
always be an integer.
[0083] In certain embodiments, the percentage identity "X" of a first amino acid sequence to a second sequence amino
acid is calculated as 100 x (Y/Z), where Y is the number of amino acid residues scored as identical matches in the
alignment of the first and second sequences (as aligned by visual inspection or a particular sequence alignment program)
and Z is the total number of residues in the second sequence. If the length of a first sequence is longer than the second
sequence, the percent identity of the first sequence to the second sequence will be higher than the percent identity of
the second sequence to the first sequence.
[0084] One skilled in the art will appreciate that the generation of a sequence alignment for the calculation of a percent
sequence identity is not limited to binary sequence-sequence comparisons exclusively driven by primary sequence data.
Sequence alignments can be derived from multiple sequence alignments. One suitable program to generate multiple
sequence alignments is ClustalW2, available from www.clustal.org. Another suitable program is MUSCLE, available
from www.drive5.com/muscle/. ClustalW2 and MUSCLE are alternatively available, e.g., from the EBI.
[0085] It will also be appreciated that sequence alignments can be generated by integrating sequence data with data
from heterogeneous sources such as structural data (e.g., crystallographic protein structures), functional data (e.g.,
location of mutations), or phylogenetic data. A suitable program that integrates heterogeneous data to generate a multiple
sequence alignment is T-Coffee, available at www.tcoffee.org, and alternatively available, e.g., from the EBI. It will also
be appreciated that the final alignment used to calculate percent sequence identity can be curated either automatically
or manually.
[0086] By a polypeptide having an amino acid sequence at least, for example, 95% "identical" to a query amino acid
sequence of the present invention, it is intended that the amino acid sequence of the subject polypeptide is identical to
the query sequence except that the subject polypeptide sequence can include up to five amino acid alterations per each
100 amino acids of the query amino acid sequence. In other words, to obtain a polypeptide having an amino acid
sequence at least 95% identical to a query amino acid sequence, up to 5% of the amino acid residues in the subject
sequence can be inserted, deleted, (indels) or substituted with another amino acid. These alterations of the reference
sequence can occur at the amino or carboxy terminal positions of the reference amino acid sequence or anywhere
between those terminal positions, interspersed either individually among residues in the reference sequence or in one
or more contiguous groups within the reference sequence.
[0087] As a practical matter, whether any particular polypeptide is at least 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to, for instance, the amino acid sequences of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or SEQ ID NO:14
(the factor VIII portion, the Factor IX portion, the Fc portion, individually or together), or a known Factor VIII or Factor IX
or Fc polypeptide sequence, can be determined conventionally using known computer programs. One method for de-
termining the best overall match between a query sequence (reference or original sequence) and a subject sequence,
also referred to as a global sequence alignment, can be determined using the FASTDB computer program based on
the algorithm of Brutlag et al., Comp. App. Biosci. 6:237-245(1990). In a sequence alignment the query and subject
sequences are either both nucleotide sequences or both amino acid sequences. The result of said global sequence
alignment is in percent identity. Typical parameters used in a FASTDB amino acid alignment are: Matrix=PAM 0, k-
tuple=2, Mismatch Penalty=1, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=1, Window Size=se-
quence length, Gap Penalty=5, Gap Size Penalty=0.05, Window Size=500 or the length of the subject amino acid
sequence, whichever is shorter.
[0088] If the subject sequence is shorter than the query sequence due to N- or C-terminal deletions, not because of
internal deletions, a manual correction must be made to the results. This is because the FASTDB program does not
account for N- and C-terminal truncations of the subject sequence when calculating global percent identity. For subject
sequences truncated at the N- and C-termini, relative to the query sequence, the percent identity is corrected by calculating
the number of residues of the query sequence that are N- and C-terminal of the subject sequence, which are not
matched/aligned with a corresponding subject residue, as a percent of the total bases of the query sequence. Whether
a residue is matched/aligned is determined by results of the FASTDB sequence alignment. This percentage is then
subtracted from the percent identity, calculated by the above FASTDB program using the specified parameters, to arrive
at a final percent identity score. This final percent identity score is what is used for the purposes of the present invention.
Only residues to the N- and C-termini of the subject sequence, which are not matched/aligned with the query sequence,
are considered for the purposes of manually adjusting the percent identity score. That is, only query residue positions
outside the farthest N- and C-terminal residues of the subject sequence.
[0089] For example, a 90 amino acid residue subject sequence is aligned with a 100 residue query sequence to
determine percent identity. The deletion occurs at the N-terminus of the subject sequence and therefore, the FASTDB
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alignment does not show a matching/alignment of the first 10 residues at the N-terminus. The 10 unpaired residues
represent 10% of the sequence (number of residues at the N- and C- termini not matched/total number of residues in
the query sequence) so 10% is subtracted from the percent identity score calculated by the FASTDB program. If the
remaining 90 residues were perfectly matched the final percent identity would be 90%. In another example, a 90 residue
subject sequence is compared with a 100 residue query sequence. This time the deletions are internal deletions so there
are no residues at the N- or C-termini of the subject sequence which are not matched/aligned with the query. In this
case the percent identity calculated by FASTDB is not manually corrected. Once again, only residue positions outside
the N- and C-terminal ends of the subject sequence, as displayed in the FASTDB alignment, which are not
matched/aligned with the query sequence, are manually corrected for.
[0090] The polynucleotide variants can contain alterations in the coding regions, noncoding regions, or both. Examples
include, without limitation polynucleotide variants containing alterations which produce silent substitutions, additions, or
deletions, but do not alter the properties or activities of the encoded polypeptide. Nucleotide variants can be produced
by silent substitutions due to the degeneracy of the genetic code. In addition, variants in which 5-10, 1-5, or 1-2 amino
acids are substituted, deleted, or added in any combination are included. Polynucleotide variants can be produced for
a variety of reasons, e.g., to optimize codon expression for a particular host (change codons in the human mRNA to
those preferred by a bacterial host such as E. coli).
[0091] Naturally occurring variants are called "allelic variants," and refer to one of several alternate forms of a gene
occupying a given locus on a chromosome of an organism (Genes II, Lewin, B., ed., John Wiley & Sons, New York
(1985)). These allelic variants can vary at either the polynucleotide and/or polypeptide level and are included in the
present invention. Alternatively, non-naturally occurring variants can be produced by mutagenesis techniques or by
direct synthesis.
[0092] Using known methods of protein engineering and recombinant DNA technology, variants can be generated to
improve or alter the characteristics of the polypeptides. For instance, one or more amino acids can be deleted from the
N-terminus or C-terminus of the secreted protein without substantial loss of biological function. The authors of Ron et
al., J. Biol. Chem. 268: 2984-2988 (1993), reported variant KGF proteins having heparin binding activity even after
deleting 3, 8, or 27 amino-terminal amino acid residues. Similarly, Interferon gamma exhibited up to ten times higher
activity after deleting 8-10 amino acid residues from the carboxy terminus of this protein. (Dobeli et al., J. Biotechnology
7:199-216 (1988)).
[0093] Moreover, ample evidence demonstrates that variants often retain a biological activity similar to that of the
naturally occurring protein. For example, Gayle and coworkers (J. Biol. Chem. 268:22105-22111 (1993)), conducted
extensive mutational analysis of human cytokine IL-1a. They used random mutagenesis to generate over 3,500 individual
IL-1a mutants that averaged 2.5 amino acid changes per variant over the entire length of the molecule. Multiple mutations
were examined at every possible amino acid position. The investigators found that "[m]ost of the molecule could be
altered with little effect on either [binding or biological activity]." (See Abstract.) In fact, only 23 unique amino acid
sequences, out of more than 3,500 nucleotide sequences examined, produced a protein that significantly differed in
activity from wild type.
[0094] As stated above, polypeptide variants include modified polypeptides. Modifications include acetylation, acyla-
tion, ADP-ribosylation, amidation, covalent attachment of flavin, covalent attachment of a heme moiety, covalent attach-
ment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent attachment of
phosphotidylinositol, cross-linking, cyclization, disulfide bond formation, demethylation, formation of covalent cross-links,
formation of cysteine, formation of pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI anchor forma-
tion, hydroxylation, iodination, methylation, myristoylation, oxidation, pegylation, proteolytic processing, phosphorylation,
prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated addition of amino acids to proteins such as
arginylation, and ubiquitination.
[0095] The term "about" is used herein to mean approximately, roughly, around, or in the regions of. When the term
"about" is used in conjunction with a numerical range, it modifies that range by extending the boundaries above and
below the numerical values set forth. Thus, "about 10-20" means "about 10 to about 20." In general, the term "about" is
used herein to modify a numerical value above and below the stated value by a variance of 10 percent, up or down
(higher or lower).
[0096] As used herein, the term "healthcare provider" refers to individuals or institutions which directly interact and
administer to living subjects, e.g., human patients. Non-limiting examples of healthcare providers include doctors, nurses,
technicians, therapist, pharmacists, counselors, alternative medicine practitioners, medical facilities, doctor’s offices,
hospitals, emergency rooms, clinics, urgent care centers, alternative medicine clinics/facilities, and any other entity
providing general and/or specialized treatment, assessment, maintenance, therapy, medication, and/or advice relating
to all, or any portion of, a patient’s state of health, including but not limited to general medical, specialized medical,
surgical, and/or any other type of treatment, assessment, maintenance, therapy, medication and/or advice.
[0097] As used herein, the term "clinical laboratory" refers to a facility for the examination or processing of materials
derived from a living subject, e.g., a human being. Non-limiting examples of processing include biological, biochemical,
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serological, chemical, immunohematological, hematological, biophysical, cytological, pathological, genetic, or other ex-
amination of materials derived from the human body for the purpose of providing information, e.g., for the diagnosis,
prevention, or treatment of any disease or impairment of, or the assessment of the health of living subjects, e.g., human
beings. These examinations can also include procedures to collect or otherwise obtain a sample, prepare, determine,
measure, or otherwise describe the presence or absence of various substances in the body of a living subject, e.g., a
human being, or a sample obtained from the body of a living subject, e.g., a human being. In certain aspects a clinical
laboratory can be "centralized" or "local", meaning that a small number or a single laboratory makes all measurements
of samples submitted from all outside sources. In other aspects, multiple clinical laboratories, also referred to as "satellite"
or "global" laboratories, can be validated to all provide standard, reliable results that can be easily compared.
[0098] As used herein, the term "healthcare benefits provider" encompasses individual parties, organizations, or groups
providing, presenting, offering, paying for in whole or in part, or being otherwise associated with giving a patient access
to one or more healthcare benefits, benefit plans, health insurance, and/or healthcare expense account programs.
[0099] In some aspects, a healthcare provider can administer or instruct another healthcare provider to administer a
therapy to treat a bleeding disease or disorder. A healthcare provider can implement or instruct another healthcare
provider or patient to perform the following actions: obtain a sample, process a sample, submit a sample, receive a
sample, transfer a sample, analyze or measure a sample, quantify a sample, provide the results obtained after analyz-
ing/measuring/quantifying a sample, receive the results obtained after analyzing/measuring/quantifying a sample, com-
pare/score the results obtained after analyzing/measuring/quantifying one or more samples, provide the compari-
son/score from one or more samples, obtain the comparison/score from one or more samples, administer a therapy or
therapeutic agent (e.g., a clotting factor such as a factor VIII or factor IX polypeptide), commence the administration of
a therapy, cease the administration of a therapy, continue the administration of a therapy, temporarily interrupt the
administration of a therapy, increase the amount of an administered therapeutic agent, decrease the amount of an
administered therapeutic agent, continue the administration of an amount of a therapeutic agent, increase the frequency
of administration of a therapeutic agent, decrease the frequency of administration of a therapeutic agent, maintain the
same dosing frequency on a therapeutic agent, replace a therapy or therapeutic agent by at least another therapy or
therapeutic agent, combine a therapy or therapeutic agent with at least another therapy or additional therapeutic agent.
[0100] In some aspects, a healthcare benefits provider can authorize or deny, for example, collection of a sample,
processing of a sample, submission of a sample, receipt of a sample, transfer of a sample, analysis or measurement a
sample, quantification a sample, provision of results obtained after analyzing/measuring/quantifying a sample, transfer
of results obtained after analyzing/measuring/quantifying a sample, comparison/scoring of results obtained after ana-
lyzing/measuring/quantifying one or more samples, transfer of the comparison/score from one or more samples, admin-
istration of a therapy or therapeutic agent, commencement of the administration of a therapy or therapeutic agent,
cessation of the administration of a therapy or therapeutic agent, continuation of the administration of a therapy or
therapeutic agent, temporary interruption of the administration of a therapy or therapeutic agent, increase of the amount
of administered therapeutic agent, decrease of the amount of administered therapeutic agent, continuation of the ad-
ministration of an amount of a therapeutic agent, increase in the frequency of administration of a therapeutic agent,
decrease in the frequency of administration of a therapeutic agent, maintain the same dosing frequency on a therapeutic
agent, replace a therapy or therapeutic agent by at least another therapy or therapeutic agent, or combine a therapy or
therapeutic agent with at least another therapy or additional therapeutic agent.
[0101] In addition a healthcare benefits providers can, e.g., authorize or deny the prescription of a therapy, authorize
or deny coverage for therapy, authorize or deny reimbursement for the cost of therapy, determine or deny eligibility for
therapy, etc.
[0102] In some aspects, a clinical laboratory can, for example, collect or obtain a sample, process a sample, submit
a sample, receive a sample, transfer a sample, analyze or measure a sample, quantify a sample, provide the results
obtained after analyzing/measuring/quantifying a sample, receive the results obtained after analyzing/measuring/quan-
tifying a sample, compare/score the results obtained after analyzing/measuring/quantifying one or more samples, provide
the comparison/score from one or more samples, obtain the comparison/score from one or more samples,
[0103] The above enumerated actions can be performed by a healthcare provider, healthcare benefits provider, or
patient automatically using a computer-implemented method (e.g., via a web service or stand-alone computer system).
[0104] Abbreviations:

AUCINF Area under the concentration-time curve from zero to infinity
AUCα Area under the concentration-time curve over the distribution phase
AUCβ Area under the concentration-time curve over the elimination phase
Alpha HL Distribution phase half-life
Beta HL Elimination phase half-life; also referred to as t1/2
C168 Estimated FIXFc activity above baseline at approximately 168 h after dose
Cmax Maximum concentration, occurring at Tmax
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CV% Percent coefficient of variation
Cl Clearance
IVR in vivo recovery (%)
K-Value Incremental recovery
MRT Mean residence time
N Number
NC Not Calculable
NR Not Reported
SD Standard Deviation
SE Standard Error
TBLP1 Model-predicted time after dose when FIXFc activity has declined to approximately 1 IU/dL above baseline
TBLP3 Model-predicted time after dose when FIXFc activity has declined to approximately 3 IU/dL above baseline
TBLP5 Model-predicted time after dose when FIXFc activity has declined to approximately 5 IU/dL above baseline
VSS Volume of distribution at steady state
V1 Volume of distribution of the central compartment
EXTEM Thromboelastometry using extrinsic activator such as tissue factor (TF)
INTEM Thromboelastometry using intrinsic activator such as ellagic acid
NATEM Thromboelastometry using natural activation after recalcification
ROTEM® Rotation thromboelastometry
PPP Platelet poor plasma

II. Factor VIII and Factor IX Polypeptides

A. Factor VIII Polypeptides

[0105] "Factor VIII," as used herein, means functional factor VIII polypeptide in its normal role in coagulation, unless
otherwise specified. Thus, the term Factor VIII includes variant polypeptides that are functional. Factor VIII proteins
include the human, porcine, canine, and murine factor VIII proteins. The full length polypeptide and polynucleotide
sequences are known, as are many functional fragments, mutants and modified versions. Examples of human factor
VIII sequences are shown as subsequences in SEQ ID NOs:2, 6, 8, 10, and 12 (SEQUENCE Table 2). Factor VIII
polypeptides include, e.g., full-length factor VIII, full-length factor VIII minus Met at the N-terminus, mature factor VIII
(minus the signal sequence), mature factor VIII with an additional Met at the N-terminus, and/or factor VIII with a full or
partial deletion of the B domain. Factor VIII polypeptides include B domain deletions, whether partial or full deletions or
single chain FVIII. Factor VIII can be made by recombinant means ("recombinant Factor VIII" or "rFVIII"), i.e., it is not
naturally occurring or derived from plasma.
[0106] "B domain" of Factor VIII, as used herein, is the same as the B domain known in the art that is defined by
internal amino acid sequence identity and sites of proteolytic cleavage by thrombin, e.g., residues Ser741-Arg1648 of
full length human factor VIII. The other human factor VIII domains are defined by the following amino acid residues: A1,
residues Ala1-Arg372; A2, residues Ser373-Arg740; A3, residues Ser1690-Ile2032; C1, residues Arg2033-Asn2172;
C2, residues Ser2173-Tyr2332. The A3-C1-C2 sequence includes residues Ser1690-Tyr2332. The remaining sequence,
residues Glu1649-Arg1689, is usually referred to as the factor VIII light chain activation peptide. The locations of the
boundaries for all of the domains, including the B domains, for porcine, mouse and canine factor VIII are also known in
the art. In certain aspects, the B domain of Factor VIII is deleted ("B domain deleted factor VIII" or "BDD FVIII"). An
example of a BDD FVIII is REFACTO (recombinant BDD FVIII), which has the same sequence as the Factor VIII portion
of the sequence in SEQUENCE Table 2A(i) (amino acids -19 to 1438 or 1 to 1438 of SEQ ID NO:2).
[0107] A "B domain deleted factor VIII" can have the full or partial deletions disclosed in U.S. Patent Nos. 6,316,226,
6,346,513, 7,041,635, 5,789,203, 6,060,447, 5,595,886, 6,228,620, 5,972,885, 6,048,720, 5,543,502, 5,610,278,
5,171,844, 5,112,950, 4,868,112, and 6,458,5 63. In some embodiments, a B domain deleted factor VIII sequence of
the present invention comprises any one of the deletions disclosed at col. 4, line 4 to col. 5, line 28 and examples 1-5
of U.S. Patent No. 6,316,226 (also in US 6,346,513). In some embodiments, a B domain deleted factor VIII of the present
invention has a deletion disclosed at col. 2, lines 26-51 and examples 5-8 of U.S. Patent No. 5,789,203 (also US
6,060,447, US 5,595,886, and US 6,228,620). In some embodiments, a B domain deleted factor VIII has a deletion
described in col. 1, lines 25 to col. 2, line 40 of US Patent No. 5,972,885; col. 6, lines 1-22 and example 1 of U.S. Patent
no. 6,048,720; col. 2, lines 17-46 of U.S. Patent No. 5,543,502; col. 4, line 22 to col. 5, line 36 of U.S. Patent no. 5,171,844;
col. 2, lines 55-68, figure 2, and example 1 of U.S. Patent No. 5,112,950; col. 2, line 2 to col. 19, line 21 and table 2 of
U.S. Patent No. 4,868,112; col. 2, line 1 to col. 3, line 19, col. 3, line 40 to col. 4, line 67, col. 7, line 43 to col. 8, line 26,
and col. 11, line 5 to col. 13, line 39 of U.S. Patent no. 7,041,635; or col. 4, lines 25-53, of U.S. Patent No. 6,458,563.
In some embodiments, a B domain deleted factor VIII has a deletion of most of the B domain, but still contains amino-
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terminal sequences of the B domain that are essential for in vivo proteolytic processing of the primary translation product
into two polypeptide chain, as disclosed in WO 91/09122. In some embodiments, a B domain deleted factor VIII is
constructed with a deletion of amino acids 747-1638, e.g., virtually a complete deletion of the B domain. Hoeben R.C.,
et al. J. Biol. Chem. 265 (13): 7318-7323 (1990). A B domain deleted factor VIII can also contain a deletion of amino
acids 771-1666 or amino acids 868-1562 of factor VIII. Meulien P., et al. Protein Eng. 2(4): 301-6 (1988). Additional B
domain deletions that are part of the invention include, e.g.,: deletion of amino acids 982 through 1562 or 760 through
1639 (Toole et al., Proc. Natl. Acad. Sci. U.S.A. (1986) 83, 5939-5942)), 797 through 1562 (Eaton, et al. Biochemistry
(1986) 25:8343-8347)), 741 through 1646 (Kaufman (PCT published application No. WO 87/04187)), 747-1560 (Sarver,
et al., DNA (1987) 6:553-564)), 741 through 1648 (Pasek (PCT application No.88/00831)), 816 through 1598 or 741
through 1689 (Lagner (Behring Inst. Mitt. (1988) No 82:16-25, EP 2955 97)).
[0108] In other embodiments, BDD FVIII includes a FVIII polypeptide containing fragments of the B-domain that retain
one or more N-linked glycosylation sites, e.g., residues 757, 784, 828, 900, 963, or optimally 943, which correspond to
the amino acid sequence of the full-length FVIII sequence. Examples of the B-domain fragments include 226 amino
acids or 163 amino acids of the B-domain as disclosed in Miao, H.Z., et al., Blood 103(a): 3412-3419 (2004), Kasuda,
A, et al., J. Thromb. Haemost. 6: 1352-1359 (2008), and Pipe, S.W., et al., J. Thromb. Haemost. 9: 2235-2242 (2011)
(e.g., the first 226 amino acids or 163 amino acids of the B domain are retained). In still other embodiments, BDD FVIII
further comprises a point mutation at residue 309 (from Phe to Ser) to improve expression of the BDD FVIII protein. See
Miao, H.Z., et al., Blood 103(a): 3412-3419 (2004). In still other embodiments, the BDD FVIII includes a FVIII polypeptide
containing a portion of the B-domain, but not containing one or more furin cleavage sites (e.g., Arg1313 and Arg 1648).
See Pipe, S.W., et al., J. Thromb. Haemost. 9: 2235-2242 (2011). Each of the foregoing deletions can be made in any
Factor VIII sequence.
[0109] In certain embodiments, FVIII includes a single chain FVIII polypeptide. In one embodiment, a single chain
FVIII polypeptide can include one or more mutations or substitutions at R1645 or R1648 corresponding to full-length
Factor VIII sequence or both. Additional examples of single chain FVIII polypeptides can be found at US Provisional
Application No. 61/668,889, filed July 6, 2012. In another embodiment, a single chain FVIII polypeptide contains a FVIII
polypeptide having a deletion of R1645 and/or R1648 corresponding to full-length FVIII sequence or a deletion of a
sequence containing R1645 and/or R1648 corresponding to full-length FVIII. For example, a single chain FVIII can
contain a deletion of amino acid positions 746 to 1649, 746 to 1652, 746 to 1655, 758 to 1649, 758 to 1652, 758 to 1655,
765 to 1649, 765 to 1652, 765 to 1655, 748 to 1658, 755 to 1658, 762 to 1658, 769 to 1658, 776 to 1658, or 783 to 1658
corresponding to full-length FVIII sequence. Additional examples of single chain FVIII can be found at U.S. Patent No.
7,041,635, filed January 3, 2003.
[0110] A great many functional factor VIII variants are known, as is discussed above and below. In addition, hundreds
of nonfunctional mutations in factor VIII have been identified in hemophilia patients, and it has been determined that the
effect of these mutations on factor VIII function is due more to where they lie within the 3-dimensional structure of factor
VIII than on the nature of the substitution (Cutler et al., Hum. Mutat. 19:274-8 (2002), addition, comparisons between
factor VIII from humans and other species have identified conserved residues that are likely to be required for function
(Cameron et al., Thromb. Haemost. 79:317-22 (1998); US 6,251,63 2).
[0111] The human factor VIII gene was isolated and expressed in mammalian cells (Toole, J. J., et al., Nature
312:342-347 (1984); Gitschier, J., et al., Nature 312:326-330 (1984); Wood, W. I., et al., Nature 312:330-337 (1984);
Vehar, G. A., et al., Nature 312:337-342 (1984); WO 87/04187; WO 88/08035; WO 88/03558; U.S. Pat. No. 4,757,(006)
and the amino acid sequence was deduced from cDNA. Capon et al., U.S. Pat. No. 4,965,199, discloses a recombinant
DNA method for producing factor VIII in mammalian host cells and purification of human factor VIII. Human factor VIII
expression in CHO (Chinese hamster ovary) cells and BHKC (baby hamster kidney cells) has been reported. Human
factor VIII has been modified to delete part of or the entire B domain (U.S. Pat. Nos. 4,994,371 and 4,868,112) and
replacement of the human factor VIII B domain with the human factor V B domain has been performed (U.S. Pat. No.
5,004,803). The cDNA sequence encoding human factor VIII and predicted amino acid sequence are shown in SEQ ID
NOs:1 and 2, respectively, of US Application Publ. No. 2005/0100990,.
[0112] U.S. Pat. No. 5,859,204, Lollar, J. S., reports functional mutants of factor VIII having reduced antigenicity and
reduced immunoreactivity. U.S. Pat. No. 6,376,463, Lollar, J. S., also reports mutants of factor VIII having reduced
immunoreactivity. US Application Publ. No. 2005/0100990, Saenko et al., reports functional mutations in the A2 domain
of factor VIII.
[0113] A number of functional factor VIII molecules, including B-domain deletions, are disclosed in the following patents
US 6,316,226 and US 6,346,513, both assigned to Baxter; US 7,041,635 assigned to In2Gen; US 5,789,203, US
6,060,447, US 5,595,886, and US 6,228,620 assigned to Chiron; US 5,972,885 and US 6,048,720 assigned to Biovitrum,
US 5,543,502 and US 5,610,278 assigned to Novo Nordisk; US 5,171,844 assigned to Immuno Ag; US 5,112,950
assigned to Transgene S.A.; US 4,868,112 assigned to Genetics Institute.
[0114] The porcine factor VIII sequence is published, (Toole, J. J., et al., Proc. Natl. Acad. Sci. USA 83:5939-5942
(1986)) and the complete porcine cDNA sequence obtained from PCR amplification of factor VIII sequences from a pig
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spleen cDNA library has been reported (Healey, J. F., et al., Blood 88:4209-4214 (1996)). Hybrid human/porcine factor
VIII having substitutions of all domains, all subunits, and specific amino acid sequences were disclosed in U.S. Pat. No.
5,364,771 by Lollar and Runge, and in WO 93/20093. More recently, the nucleotide and corresponding amino acid
sequences of the A1 and A2 domains of porcine factor VIII and a chimeric factor VIII with porcine A1 and/or A2 domains
substituted for the corresponding human domains were reported in WO 94/11503,. U.S. Pat. No. 5,859,204, Lollar, J.
S., also discloses the porcine cDNA and deduced amino acid sequences. 6,458,563, assigned to Emory discloses a B-
domain deleted porcine Factor VIII.
[0115] The Factor VIII (or Factor VIII portion of a chimeric polypeptide) can be at least 90% or 95% identical to a Factor
VIII amino acid sequence shown in SEQUENCE Table 2 without a signal sequence (amino acids 1 to 1438 of SEQ ID
NO:2; amino acids 1 to 2332 of SEQ ID NO:6; amino acids 1 to 740 of SEQ ID NO:8; amino acids 1 to 745 of SEQ ID
NO:10; or amino acids 1 to 684 of SEQ ID NO:12). The Factor VIII (or Factor VIII portion of a chimeric polypeptide) can
be identical to a Factor VIII amino acid sequence shown in SEQUENCE Table 2 without a signal sequence (amino acids
1 to 1438 of SEQ ID NO:2; amino acids 1 to 2332 of SEQ ID NO:6; amino acids 1 to 740 of SEQ ID NO:8; amino acids
1 to 745 of SEQ ID NO:10; or amino acids 1 to 684 of SEQ ID NO:12).
[0116] The Factor VIII (or Factor VIII portion of a chimeric polypeptide) can be at least 90% or 95% identical to a Factor
VIII amino acid sequence shown in SEQUENCE Table 2 with a signal sequence (amino acids -19 to 1438 of SEQ ID
NO:2; amino acids -19 to 2332 of SEQ ID NO:6; amino acids -19 to 740 of SEQ ID NO:8; amino acids -19 to 745 of SEQ
ID NO:10; or amino acids -20 to 684 of SEQ ID NO:12). The Factor VIII (or Factor VIII portion of a chimeric polypeptide)
can be identical to a Factor VIII amino acid sequence shown in SEQUENCE Table 2 with a signal sequence (amino
acids -19 to 1438 of SEQ ID NO:2; amino acids -19 to 2332 of SEQ ID NO:6; amino acids -19 to 740 of SEQ ID NO:8;
amino acids -19 to 745 of SEQ ID NO:10; or amino acids -20 to 684 of SEQ ID NO:12).

B. Factor IX Polypeptides

[0117] "Factor IX", "FIX", "protein having FIX activity", "FIX protein", or "FIX polypeptide" as used herein, means
functional Factor IX polypeptide in its normal role in coagulation, unless otherwise specified. Thus, the term Factor IX
includes variant polypeptides that are functional and the polynucleotides that encode such functional variant polypeptides.
Factor IX polypeptides include the human, bovine, porcine, canine, feline, and murine Factor IX polypeptides. The full
length polypeptide and polynucleotide sequences of Factor IX are known, as are many functional variants, e.g., fragments,
mutants and modified versions. Factor IX polypeptides include full-length Factor IX, full-length Factor IX minus Met at
the N-terminus, full-length Factor IX minus the signal sequence, mature Factor IX (minus the signal sequence and
propeptide), and mature Factor IX with an additional Met at the N-terminus. Factor IX can be made by recombinant
means ("recombinant Factor IX" or "rFIX"), i.e., it is not naturally occurring or derived from plasma.
[0118] A great many functional Factor IX variants are known. International publication number WO 02/040544 A3,
discloses mutants that exhibit increased resistance to inhibition by heparin at page 4, lines 9-30 and page 15, lines 6-31.
International publication number WO 03/020764 A2, discloses Factor IX mutants with reduced T cell immunogenicity in
Tables 2 and 3 (on pages 14-24), and at page 12, lines 1-27. International publication number WO 2007/149406 A2,
discloses functional mutant Factor IX molecules that exhibit increased protein stability, increased in vivo and in vitro
half-life, and increased resistance to proteases at page 4, line 1 to page 19, line 11. WO 2007/149406 A2 also discloses
chimeric and other variant Factor IX molecules at page 19, line 12 to page 20, line 9. International publication number
WO 08/118507 A2, discloses Factor IX mutants that exhibit increased clotting activity at page 5, line 14 to page 6, line
5. International publication number WO 09/051717 A2, discloses Factor IX mutants having an increased number of N-
linked and/or O-linked glycosylation sites, which results in an increased half-life and/or recovery at page 9, line 11 to
page 20, line 2. International publication number WO 09/137254 A2, also discloses Factor IX mutants with increased
numbers of glycosylation sites at page 2, paragraph [006] to page 5, paragraph [011] and page 16, paragraph [044] to
page 24, paragraph [057]. International publication number WO 09/130198 A2 discloses functional mutant Factor IX
molecules that have an increased number of glycosylation sites, which result in an increased half-life, at page 4, line 26
to page 12, line 6. International publication number WO 09/140015 A2, discloses functional Factor IX mutants that an
increased number of Cys residues, which can be used for polymer (e.g., PEG) conjugation, at page 11, paragraph [0043]
to page 13, paragraph [0053].
[0119] In addition, hundreds of non-functional mutations in Factor IX have been identified in hemophilia patients, many
of which are disclosed in Table 1, at pages 11-14 of International publication number WO 09/137254 A2. Such non-
functional mutations are not included in the invention, but provide additional guidance for which mutations are more or
less likely to result in a functional Factor IX polypeptide.
[0120] The Factor IX (or Factor IX portion of a chimeric polypeptide) can be at least 90% or at least 95% or 100%
identical to a Factor IX amino acid sequence shown in SEQUENCE Table 2 without a signal sequence and propeptide
sequence (amino acids 1 to 415 of SEQ ID NO:14), or alternatively, with a propeptide sequence, or with a propeptide
and signal sequence (full length Factor IX).
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[0121] Factor IX coagulant activity is expresses as International Unit(s) (IU). One IU of Factor IX activity corresponds
approximately to the quantity of Factor IX in one milliliter of normal human plasma. Several assays are available for
measuring Factor IX activity, including the one stage clotting assay (activated partial thromboplastin time; aPTT), thrombin
generation time (TGA) and rotational thromboelastometry (ROTEM®).
[0122] "Protein having FIX activity which is in its activated form", or "activated FIX protein" means the activated form
of a corresponding FIX protein/polypeptide. The term "activated" in connection with an activated FIX protein/polypeptide
is used according to its common meaning. For example, in vivo, Factor IX is produced as a zymogen, an inactive
precursor. It is processed to remove a signal peptide, glycosylated and then cleaved, e.g., by factor XIa or factor VIIa
to produce activated FIX (FIXa), a two-chain form where the two chains are linked by a disulfide bridge. For example,
activated FIX protein can be formed during the production and/or purification of a recombinant FIX protein. In one
example, in pharmaceutical FIX polypeptide compositions, the activated form of the FIX polypeptide can be considered
an impurity.

III. Factor VIII and Factor IX Chimeric Polypeptides

[0123] "Chimeric polypeptide," as used herein, means a polypeptide that includes within it at least two moieties (or
portions thereof such as subsequences or peptides) from different sources. Chimeric polypeptides can include two,
three, four, five, six, seven, or more polypeptides or portions thereof from different sources, such as different genes,
different cDNAs, or different animal or other species. Chimeric polypeptides can include one or more linkers joining the
different polypeptides or portions thereof. Thus, the polypeptides or portions thereof can be joined directly or they can
be joined indirectly, via linkers, or both, within a single chimeric polypeptide. Chimeric polypeptides can include additional
peptides such as signal sequences and sequences such as 6His and FLAG that aid in protein purification or detection.
In addition, chimeric polypeptides can have amino acid or peptide additions to the N- and/or C-termini.
[0124] In certain embodiments, a chimeric polypeptide is a long-acting clotting factor. "Long-acting clotting factor" such
as long-acting FVIII or long-acting FIX is a Factor VIII or Factor IX having an increased half-life (also referred to herein
as t1/2, t1/2 beta, elimination half-life and HL) over a reference Factor VIII or a reference Factor IX, respectively. The
increased half-life of a long-acting Factor VIII or a long-acting Factor IX may be due to fusion to one or more non-Factor
VIII or non-Factor IX polypeptides such as, e.g., Fc, XTEN, albumin, a PAS sequence, transferrin, CTP (28 amino acid
C-terminal peptide (CTP) of hCG with its 4 O-glycans), polyethylene glycol (PEG), hydroxyethyl starch (HES), albumin
binding polypeptide, albumin-binding small molecules, or two or more combinations thereof. The increased half-life may
be due to one or more modification, such as, e.g., pegylation. Exemplary long-acting clotting factor polypeptides include,
e.g., chimeric Factor VIII polypeptides comprising Fc, chimeric Factor VIII polypeptides comprising XTEN, chimeric
Factor VIII polypeptides comprising albumin, chimeric Factor IX polypeptides comprising Fc, chimeric FIX polypeptide
comprising XTEN, or chimeric Factor IX polypeptide comprising albumin. Additional exemplary long-acting Factor VIII
polypeptides include, e.g., pegylated Factor VIII or pegylated Factor IX.
[0125] The "reference" polypeptide, in the case of a long-acting chimeric Factor VIII polypeptide, is a polypeptide
consisting essentially of the Factor VIII portion of the chimeric polypeptide, e.g., the same Factor VIII portion without the
Fc portion, without the XTEN portion, or without the albumin portion. The "reference" polypeptide, in the case of a long-
acting chimeric Factor IX polypeptide, is a polypeptide consisting essentially of the Factor IX portion of the chimeric
polypeptide, e.g., the same Factor IX portion without the Fc portion, without the XTEN portion, or without the albumin
portion. Likewise, the reference polypeptide in the case of a modified Factor VIII or Factor IX is the same Factor VIII or
Factor IX without the modification, respectively, e.g., a Factor VIII without the pegylation or a Factor IX without the
pegylation.
[0126] In some embodiments, the chimeric polypeptide comprises a Factor VIII portion and a non-Factor VIII portion.
In some embodiment, the chimeric polypeptide comprises a Factor IX portion and a non-Factor IX portion. Exemplary
non-Factor VIII or non-Factor IX portions include, e.g., Fc, XTEN, and albumin. Exemplary chimeric polypeptides include,
e.g., chimeric Factor VIII-Fc polypeptides, chimeric Factor IX-Fc polypeptides, chimeric Factor VIII-XTEN polypeptides,
chimeric Factor IX-XTEN polypeptides, chimeric Factor VIII-albumin polypeptides, and chimeric Factor IX-albumin
polypeptides.
[0127] "FcRn binding partner," "FcRn BP," or "Fc" as used herein, means functional neonatal Fc receptor (FcRn)
binding partners, unless otherwise specified. An FcRn binding partner is any molecule that can be specifically bound by
the FcRn receptor with consequent active transport by the FcRn receptor of the FcRn binding partner. Thus, the term
FcRn BP or Fc includes any variants of IgG Fc that are functional. For example, the region of the Fc portion of IgG that
binds to the FcRn receptor has been described based on X-ray crystallography (Burmeister et al. 1994, Nature 372:379).
The major contact area of the Fc with the FcRn is near the junction of the CH2 and CH3 domains. Fc-FcRn contacts
are all within a single Ig heavy chain. FcRn BPs include whole IgG, the Fc fragment of IgG, and other fragments of IgG
that include the complete binding region of FcRn. The major contact sites include amino acid residues 248, 250-257,
272, 285, 288, 290-291, 308-311, and 314 of the CH2 domain and amino acid residues 385-387, 428, and 433-436 of
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the CH3 domain. References made to amino acid numbering of immunoglobulins or immunoglobulin fragments, or
regions, are all based on Kabat et al. 1991, Sequences of Proteins of Immunological Interest, U. S. Department of Public
Health, Bethesda; MD. The FcRn receptor has been isolated from several mammalian species including humans. The
sequences of the human FcRn, rat FcRn, and mouse FcRn are known (Story et al. 1994, J. Exp. Med. 180: 2377). An
FcRn BP can comprise the CH2 and CH3 domains of an immunoglobulin with or without the hinge region of the immu-
noglobulin. Exemplary FcRn BP variants are provided in WO 2004/101740 and WO 2006/074199.
[0128] FcRn BP also include albumin and fragments thereof that bind to the FcRn. In certain aspects the albumin is
human albumin. Factor VIII or Factor IX can be fused to either the N-terminal end of the albumin or to the C-terminal
end of the albumin, provided the Factor VIII or Factor IX component of the albumin fusion protein can be processed by
an enzymatically-active proprotein convertase to yield a processed Factor VIII- or Factor IX-containing polypeptide.
Examples of albumin, e.g., fragments thereof, which can be used in the present invention, are known. e.g., U.S. Patent
No. 7,592,010; U.S. Patent No. 6,686,179; and Schulte, Thrombosis Res. 124 Suppl. 2:S6-S8 (2009).
[0129] FcRn BP (or FcRn BP portion of a chimeric polypeptide) can contain one or more mutations, and combinations
of mutations. FcRn BP (or FcRn BP portion of a chimeric polypeptide) can contain mutations conferring increased half-
life such as M252Y, S254T, T256E, and combinations thereof, as disclosed in Oganesyan et al., Mol. Immunol. 46:1750
(2009); H433K, N434F, and combinations thereof, as disclosed in Vaccaro et al., Nat. Biotechnol. 23:1283 (2005); the
mutants disclosed at pages 1-2, paragraph [0012], and Examples 9 and 10 of U.S. 2009/0264627 A1; and the mutants
disclosed at page 2, paragraphs [0014] to [0021] of U.S. 20090163699 A1.
[0130] FcRn BP (or FcRn BP portion of a chimeric polypeptide) can also include, e.g., the following mutations: The
Fc region of IgG can be modified according to well recognized procedures such as site directed mutagenesis and the
like to yield modified IgG or Fc fragments or portions thereof that will be bound by FcRn. Such modifications include
modifications remote from the FcRn contact sites as well as modifications within the contact sites that preserve or even
enhance binding to the FcRn. For example the following single amino acid residues in human IgG1 Fc (Fcy1) can be
substituted without significant loss of Fc binding affinity for FcRn: P238A, S239A, K246A, K248A, D249A, M252A, T256A,
E258A, T260A, D265A, S267A, H268A, E269A, D270A, E272A, L274A, N276A, Y278A, D280A, V282A, E283A, H285A,
N286A, T289A, K290A, R292A, E293A, E294A, Q295A, Y296F, N297A, S298A, Y300F, R301A, V303A, V305A, T307A,
L309A, Q311A, D312A, N315A, K317A, E318A, K320A, K322A, S324A, K326A, A327Q, P329A, A330Q, A330S, P331A,
P331S, E333A, K334A, T335A, S337A, K338A, K340A, Q342A, R344A, E345A, Q347A, R355A, E356A, M358A, T359A,
K360A, N361A, Q362A, Y373A, S375A D376A, A378Q, E380A, E382A, S383A, N384A, Q386A, E388A, N389A, N390A,
Y391F, K392A, L398A, S400A, D401A, D413A, K414A, R416A, Q418A, Q419A, N421A, V422A, S424A, E430A, N434A,
T437A, Q438A, K439A, S440A, S444A, and K447A, where for example P238A represents wild type proline substituted
by alanine at position number 238. In addition to alanine other amino acids can be substituted for the wild type amino
acids at the positions specified above. Mutations can be introduced singly into Fc giving rise to more than one hundred
FcRn binding partners distinct from native Fc. Additionally, combinations of two, three, or more of these individual
mutations can be introduced together, giving rise to hundreds more FcRn binding partners. Certain of these mutations
can confer new functionality upon the FcRn binding partner. For example, one embodiment incorporates N297A, removing
a highly conserved N-glycosylation site. The effect of this mutation is to reduce immunogenicity, thereby enhancing
circulating half-life of the FcRn binding partner, and to render the FcRn binding partner incapable of binding to FcyRI,
FcyRIIA, FcyRIIB, and FcyRIIIA, without compromising affinity for FcRn (Routledge et al. 1995, Transplantation 60:847;
Friend et al. 1999, Transplantation 68:1632; Shields et al. 1995, J. Biol. Chem. 276:6591). Additionally, at least three
human Fc gamma receptors appear to recognize a binding site on IgG within the lower hinge region, generally amino
acids 234-237. Therefore, another example of new functionality and potential decreased immunogenicity can arise from
mutations of this region, as for example by replacing amino acids 233-236 of human IgG1 "ELLG" to the corresponding
sequence from IgG2 "PVA" (with one amino acid deletion). It has been shown that FcyRI, FcyRII, and FcyRIII which
mediate various effector functions will not bind to IgG1 when such mutations have been introduced (Ward and Ghetie
1995, Therapeutic Immunology 2:77; and Armour et al. 1999, Eur. J. Immunol. 29:2613). As a further example of new
functionality arising from mutations described above, affinity for FcRn can be increased beyond that of wild type in some
instances. This increased affinity can reflect an increased "on" rate, a decreased "off" rate or both an increased "on"
rate and a decreased "off’ rate. Mutations believed to impart an increased affinity for FcRn include T256A, T307A, E380A,
and N434A (Shields et al. 2001, J. Biol. Chem. 276:6591,).
[0131] The FcRn BP (or FcRn BP portion of a chimeric polypeptide) can be at least 90% or at least 95% or 100%
identical to the Fc amino acid sequence shown in SEQUENCE Table 2 without a signal sequence (amino acids 1 to 227
of SEQ ID NO:4), or alternatively, with a signal sequence (amino acids -20 to 227 of SEQ ID NO:4).
[0132] The Fc (or Fc portion of a chimeric polypeptide) can be at least 90%, at least 95%, or 100% identical to the Fc
amino acid sequence shown in SEQUENCE Table 2 (amino acids 1439 to 1665 of SEQ ID NO:2; amino acids 2333 to
2559 of SEQ ID NO:6; amino acids 741 to 967 of SEQ ID NO:8; amino acids 746 to 972 of SEQ ID NO:10; amino acids
685 to 924 of SEQ ID NO:12).
[0133] Exemplary chimeric polypeptides include Factor VIII or Factor IX fused to one or more XTEN polypeptides.
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See, e.g., Schellenburger et al., Nat. Biotech. 27:1186-90 (2009),
[0134] Factor VIII or Factor IX can be fused to either the N-terminal end of the XTEN polypeptide or to the C-terminal
end of the XTEN polypeptide, provided the Factor VIII or Factor IX component of the XTEN fusion protein can be
processed by an protease to yield a processed Factor VIII or Factor IX containing polypeptide. A protease site can be
included between the XTEN portion and the Factor VIII portion to allow such processing. XTEN polypeptides include,
e.g., those disclosed in WO 2009/023270, WO 2010/091122, WO 2007/103515, US 2010/0189682, and US
2009/0092582,
[0135] Exemplary chimeric polypeptides also include Factor VIII or Factor IX fused to one or more albumin polypeptides.
The albumin can be human albumin. Factor VIII or Factor IX can be fused to either the N-terminal end of the albumin
or to the C-terminal end of the albumin, provided the Factor VIII or Factor IX component of the albumin fusion protein
can be processed by an enzymatically-active proprotein convertase to yield a processed Factor VIII- or Factor IX-
containing polypeptide. Examples of albumin, e.g., fragments thereof, that can be used in the present invention are
known. e.g., U.S. Patent No. 7,592,010; U.S. Patent No. 6,686,179; and Schulte, Thrombosis Res. 124 Suppl. 2:S6-S8
(2009).
[0136] In some embodiments, a chimeric polypeptide comprising a Factor VIII or Factor IX portion of a chimeric protein
has an increased half-life (t1/2) over a polypeptide consisting of the same Factor VIII or Factor IX portion without the
non-Factor VIII or Factor IX portion. A chimeric Factor VIII or Factor IX polypeptide with an increased t1/2 can be referred
to herein as a long-acting Factor VIII or Factor IX. Long-acting chimeric Factor VIII or Factor IX polypeptides include,
e.g., Factor VIII or Factor IX fused to Fc (including, e.g., chimeric Factor VIII or Factor IX polypeptides in the form of a
hybrid such as a FVIIIFc monomer dimer hybrid; see e.g., Figures 1 and 2, and Table 2; and US Patent Nos. 7,404,956
and 7,348,004), Factor VIII or Factor IX fused to XTEN, and Factor VIII or Factor IX fused to albumin.
[0137] Exemplary chimeric Factor VIII polypeptides of the invention include, e.g., chimeric Factor VIII-Fc polypeptides,
chimeric Factor VIII-XTEN polypeptides, and chimeric Factor VIII-albumin polypeptides. Exemplary chimeric Factor VIII-
Fc polypeptides include, e.g., SEQ ID NOs:2, 6, 8, 10, and 12 (SEQUENCE Table 2), with or without their signal sequences
and the chimeric Fc polypeptide of SEQ ID NO:4 (SEQUENCE Table 2). The chimeric polypeptide can comprise a
sequence at least 90% or 95% identical to the Factor VIII and Fc amino acid sequence shown in SEQUENCE Table
2A(i) without a signal sequence (amino acids 1 to 1665 of SEQ ID NO:2) or at least 90% or 95% identical to the Factor
VIII and Fc amino acid sequence shown in SEQUENCE Table 2A(i) with a signal sequence (amino acids -19 to 1665
of SEQ ID NO:2). The chimeric polypeptide can comprise a sequence identical to the Factor VIII and Fc amino acid
sequence shown in SEQUENCE Table 2A(i) without a signal sequence (amino acids 1 to 1665 of SEQ ID NO:2) or
identical to the Factor VIII and Fc amino acid sequence shown in SEQUENCE Table 2A(i) with a signal sequence (amino
acids -19 to 1665 of SEQ ID NO:2).
[0138] Exemplary chimeric Factor IX polypeptides of the invention are Factor IX-FcRn BP chimeric polypeptides, e.g.,
Factor IX-Fc chimeric polypeptides such as the FIXFc in SEQ ID NO:2 (SEQUENCE Table 2), with or without its signal
sequence and propeptide. Other exemplary chimeric polypeptides of the invention include, but are not limited to, Factor
IX-XTEN chimeric polypeptides. Factor IX can be fused to either N-terminus or C-terminus of XTEN. The chimeric
polypeptide can comprise a sequence at least 90% or at least 95% or 100% identical to the Factor IX and FcRn BP,
e.g., the Fc amino acid sequence shown in SEQUENCE Table 2A without a signal sequence and propeptide sequence
(amino acids 1 to 642 of SEQ ID NO:14), or alternatively, with a propeptide sequence, or alternatively with a signal
sequence and a propeptide sequence.

PAS Sequence

[0139] In other embodiments, the heterologous moiety is a PAS sequence. A PAS sequence, as used herein, means
an amino acid sequence comprising mainly alanine and serine residues or comprising mainly alanine, serine, and proline
residues, the amino acid sequence forming random coil conformation under physiological conditions. Accordingly, the
PAS sequence is a building block, an amino acid polymer, or a sequence cassette comprising, consisting essentially
of, or consisting of alanine, serine, and proline which can be used as a part of the heterologous moiety in the chimeric
polypeptide. Yet, the skilled person is aware that an amino acid polymer also can form random coil conformation when
residues other than alanine, serine, and proline are added as a minor constituent in the PAS sequence. The term "minor
constituent" as used herein means that amino acids other than alanine, serine, and proline can be added in the PAS
sequence to a certain degree, e.g., up to about 12%, e.g., about 12 of 100 amino acids of the PAS sequence, up to
about 10%, e.g. about 10 of 100 amino acids of the PAS sequence, up to about 9%, e.g., about 9 of 100 amino acids,
up to about 8%, e.g., about 8 of 100 amino acids, about 6%, e.g., about 6 of 100 amino acids, about 5%, e.g., about 5
of 100 amino acids, about 4%, e.g., about 4 of 100 amino acids, about 3%, e.g., about 3 of 100 amino acids, about 2%,
e.g., about 2 of 100 amino acids, about 1%, e.g., about 1 of 100 of the amino acids. The amino acids different from
alanine, serine and proline can be selected from the group consisting of Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu,
Lys, Met, Phe, Thr, Trp, Tyr, and Val.
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[0140] Under physiological conditions, the PAS sequence stretch forms a random coil conformation and thereby can
mediate an increased in vivo and/or in vitro stability to the VWF factor or the protein of coagulation activity. Since the
random coil domain does not adopt a stable structure or function by itself, the biological activity of the polypeptide is
essentially preserved. In other embodiments, the PAS sequences that form random coil domain are biologically inert,
especially with respect to proteolysis in blood plasma, immunogenicity, isoelectric point/electrostatic behavior, binding
to cell surface receptors or internalization, but are still biodegradable, which provides clear advantages over synthetic
polymers such as PEG.
[0141] Non-limiting examples of the PAS sequences forming random coil conformation comprise an amino acid se-
quence selected from the group consisting of ASPAAPAPASPAAPAPSAPA (SEQ ID NO:15), AAPASPAPAAPSAPA-
PAAPS (SEQ ID NO: 16), APSSPSPSAPSSPSPASPSS (SEQ ID NO: 17), APSSPSPSAPSSPSPASPS (SEQ ID NO:
18), SSPSAPSPSSPASPSPSSPA (SEQ ID NO: 19), AASPAAPSAPPAAASPAAPSAPPA (SEQ ID NO: 20) and ASAAA-
PAAASAAASAPSAAA (SEQ ID NO: 21) or any combinations thereof. Additional examples of PAS sequences are known
from, e.g., US Pat. Publ. No. 2010/0292130 A1 and PCT Appl. Publ. No. WO 2008/155134 A1.

Hydroxyethyl Starch (HES)

[0142] In certain embodiments, the heterologous moiety is a polymer, e.g., hydroxyethyl starch (HES) or a derivative
thereof. Hydroxyethyl starch (HES) is a derivative of naturally occurring amylopectin and is degraded by alpha-amylase
in the body. HES is a substituted derivative of the carbohydrate polymer amylopectin, which is present in corn starch at
a concentration of up to 95% by weight. HES exhibits advantageous biological properties and is used as a blood volume
replacement agent and in hemodilution therapy in the clinics (Sommermeyer et al., Krankenhauspharmazie, 8(8), 271-278
(1987); and Weidler et al., Arzneim.-Forschung/Drug Res., 41, 494-498 (1991)).
[0143] Amylopectin contains glucose moieties, wherein in the main chain alpha-1,4-glycosidic bonds are present and
at the branching sites alpha-1,6-glycosidic bonds are found. The physical-chemical properties of this molecule are mainly
determined by the type of glycosidic bonds. Due to the nicked alpha-1,4-glycosidic bond, helical structures with about
six glucose-monomers per turn are produced. The physico-chemical as well as the biochemical properties of the polymer
can be modified via substitution. The introduction of a hydroxyethyl group can be achieved via alkaline hydroxyethylation.
By adapting the reaction conditions it is possible to exploit the different reactivity of the respective hydroxy group in the
unsubstituted glucose monomer with respect to a hydroxyethylation. Owing to this fact, the skilled person is able to
influence the substitution pattern to a limited extent.
[0144] HES is mainly characterized by the molecular weight distribution and the degree of substitution. The degree
of substitution, denoted as DS, relates to the molar substitution, is known to the skilled people. See Sommermeyer et
al., Krankenhauspharmazie, 8(8), 271-278 (1987), as cited above, in particular p. 273.
[0145] In one embodiment, hydroxyethyl starch has a mean molecular weight (weight mean) of from 1 to 300 kD, from
2 to 200kD, from 3 to 100 kD, or from 4 to 70kD. Hydroxyethyl starch can further exhibit a molar degree of substitution
of from, e.g., 0.1 to 3, 0.1 to 2, 0.1 to 0.9, or 0.1 to 0.8, and a ratio between C2:C6 substitution in the range of from 2 to
20 with respect to the hydroxyethyl groups. A non-limiting example of HES having a mean molecular weight of about
130 kD is a HES with a degree of substitution of 0.2 to 0.8 such as 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, or 0.8, e.g., of 0.4 to 0.7
such as 0.4, 0.5, 0.6, or 0.7. In a specific embodiment, HES with a mean molecular weight of about 130 kD is VOLUVEN®
from Fresenius. VOLUVEN® is an artificial colloid, employed, e.g., for volume replacement used in the therapeutic
indication for therapy and prophylaxis of hypervolemia. The characteristics of VOLUVEN® are a mean molecular weight
of 130,000+/-20,000 D, a molar substitution of 0.4 and a C2:C6 ratio of about 9:1. In other embodiments, ranges of the
mean molecular weight of hydroxyethyl starch are, e.g., 4 to 70 kD or 10 to 70 kD or 12 to 70 kD or 18 to 70 kD or 50
to 70 kD or 4 to 50 kD or 10 to 50 kD or 12 to 50 kD or 18 to 50 kD or 4 to 18 kD or 10 to 18 kD or 12 to 18 kD or 4 to
12 kD or 10 to 12 kD or 4 to 10 kD. In still other embodiments, the mean molecular weight of hydroxyethyl starch employed
is in the range of from more than 4 kD and below 70 kD, such as about 10 kD, or in the range of from 9 to 10 kD or from
10 to 11 kD or from 9 to 11 kD, or about 12 kD, or in the range of from 11 to 12 kD) or from 12 to 13 kD or from 1 1 to
13 kD, or about 18 kD, or in the range of from 17 to 18 kD or from 18 to 19 kD or from 17 to 19 kD, or about 30 kD, or
in the range of from 29 to 30, or from 30 to 31 kD, or about 50 kD, or in the range of from 49 to 50 kD or from 50 to 51
kD or from 49 to 51 kD.
[0146] In certain embodiments, the heterologous moiety can be mixtures of hydroxyethyl starches having different
mean molecular weights and/or different degrees of substitution and/or different ratios of C2: C6 substitution. Therefore,
mixtures of hydroxyethyl starches can be employed having different mean molecular weights and different degrees of
substitution and different ratios of C2: C6 substitution, or having different mean molecular weights and different degrees
of substitution and the same or about the same ratio of C2:C6 substitution, or having different mean molecular weights
and the same or about the same degree of substitution and different ratios of C2:C6 substitution, or having the same or
about the same mean molecular weight and different degrees of substitution and different ratios of C2:C6 substitution,
or having different mean molecular weights and the same or about the same degree of substitution and the same or
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about the same ratio of C2:C6 substitution, or having the same or about the same mean molecular weights and different
degrees of substitution and the same or about the same ratio of C2:C6 substitution, or having the same or about the
same mean molecular weight and the same or about the same degree of substitution and different ratios of C2: C6
substitution, or having about the same mean molecular weight and about the same degree of substitution and about the
same ratio of C2:C6 substitution.

IV. Factor VIII and Factor IX Hybrid Polypeptides

[0147] "Hybrid" polypeptides and proteins, as used herein, means a combination of a chimeric polypeptide with a
second polypeptide. The chimeric polypeptide and the second polypeptide in a hybrid can be associated with each other
via non-covalent protein-protein interactions, such as charge-charge or hydrophobic interactions. The chimeric polypep-
tide and the second polypeptide in a hybrid can be associated with each other via covalent bond(s) such as disulfide
bonds. The chimeric peptide and the second peptide can be associated with each other via more than one type of bond,
such as non-covalent and disulfide bonds. Hybrids are described in WO 2004/101740, WO2005/001025, US Pat. No.
7,404,956, US Pat. No. 7,348,004, and WO 2006/074199. The second polypeptide can be a second copy of the same
chimeric polypeptide or it can be a non-identical chimeric polypeptide.
[0148] In some embodiments, the second polypeptide is a polypeptide comprising an Fc. In some embodiments, the
chimeric polypeptide is a chimeric Factor VIII-Fc polypeptide and the second polypeptide consists essentially of Fc, e.g.,
a rFVIIIFc recombinant fusion protein consisting of a single molecule of recombinant B-domain deleted human FVIII
(BDD-rFVIII) fused to the dimeric Fc domain of the human IgG1, with no intervening linker sequence. This hybrid
polypeptide is referred to herein as FVIIIFc monomeric Fc fusion protein, FVIIIFc monomer hybrid, monomeric FVIIIIFc
hybrid, and FVIIIFc monomer-dimer. In some embodiments, the chimeric polypeptide is a Factor IX-FcRn BP, e.g.,
Factor IX-Fc chimeric polypeptide, and the second polypeptide consists essentially of Fc. See, e.g., Table 2 (SEQ ID
NOs:14 and 4). See, e.g., US 7404956.
[0149] The second polypeptide in a hybrid can comprise or consist essentially of a sequence at least 90% or at least
95%, or 100% identical to the amino acid sequence shown in SEQUENCE Table 2 without a signal sequence (amino
acids 1 to 227 of SEQ ID NO:4), or alternatively, at least 90%, or at least 95% , or 100% identical to the amino acid
sequence shown in SEQUENCE Table 2 with a signal sequence (amino acids -20 to 227 of SEQ ID NO:4).
[0150] Figure 1 is a schematic showing the structure of a B domain deleted factor VIII-Fc chimeric polypeptide, and
its association with a second polypeptide that is an Fc polypeptide. To obtain this hybrid, the coding sequence of human
recombinant B-domain deleted FVIII was obtained by reverse transcription-polymerase chain reaction (RT-PCR) from
human liver poly A RNA (Clontech) using FVIII-specific primers. The FVIII sequence includes the native signal sequence
for FVIII. The B-domain deletion was from serine 743 (S743; 2287 bp) to glutamine 1638 (Q1638; 4969 bp) for a total
deletion of 2682 bp. Then, the coding sequence for human recombinant Fc was obtained by RT-PCR from a human
leukocyte cDNA library (Clontech) using Fc specific primers. Primers were designed such that the B-domain deleted
FVIII sequence was fused directly to the N-terminus of the Fc sequence with no intervening linker. The FVIIIFc DNA
sequence was cloned into the mammalian dual expression vector pBUDCE4.1 (Invitrogen) under control of the CMV
promoter. A second identical Fc sequence including the mouse Igk signal sequence was obtained by RT-PCR and
cloned downstream of the second promoter, EF1α, in the expression vector pBUDCE4.1.
[0151] The rFVIIIFc expression vector was transfected into human embryonic kidney 293 cells (HEK293H; Invitrogen)
using Lipofectamine 2000 transfection reagent (Invitrogen). Stable clonal cell lines were generated by selection with
Zeocin (Invitrogen). One clonal cell line, 3C4-22 was used to generate FVIIIFc for characterization in vivo. Recombinant
FVIIIFc was produced and purified (McCue et al. 2009) at the central site. The transfection strategy described above
was expected to yield three products, monomeric rFVIIIFc hybrids, dimeric rFVIIIFc hybrids and dimeric Fc. However,
there was essentially no dimeric rFVIIIFc detected in the conditioned medium from these cells. Rather, the conditioned
medium contained Fc and monomeric rFVIIIFc. It is possible that the size of dimeric rFVIIIFc was too great and prevented
efficient secretion from the cell. This result was beneficial since it rendered the purification of the monomer less compli-
cated than if all three proteins had been present. The material used in these studies had a specific activity of approximately
9000 IU/mg.

V. Dosing and Administration of Factor VIII and Factor IX

[0152] "Dosing interval," as used herein, means the amount of time that elapses between multiple doses being ad-
ministered to a subject. The comparison of dosing interval can be carried out in a single subject or in a population of
subjects and then the average obtained in the population can be calculated.
[0153] The dosing interval when administering a chimeric Factor VIII or Factor IX polypeptide, e.g., a chimeric Factor
VIII-Fc or Factor IX-Fc polypeptide (a polypeptide comprising a Factor VIII or Factor IX or a hybrid), can be at least about
one and one-half times longer than the dosing interval required for an equivalent amount of said FVIII or FIX without the
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non-FVIII or non-FIX portion, e.g., without the Fc portion (a polypeptide consisting of said FVIII or FIX). The dosing
interval can be at least about one and one-half to six times longer, one and one-half to five times longer, one and one-
half to four times longer, one and one-half to three times longer, or one and one-half to two times longer, than the dosing
interval required for an equivalent amount of said FVIII or FIX without the non-FVIII or FIX portion, e.g., without the Fc
portion (a polypeptide consisting of said Factor VIII). The dosing interval can be at least about one and one-half, two,
two and one-half, three, three and one-half, four, four and one-half, five, five and one-half or six times longer than the
dosing interval required for an equivalent amount of said FVIII or FIX without the non-FVIII or FIX portion, e.g., without
the Fc portion (a polypeptide consisting of said FVIII or FIX).
[0154] The dosing interval can be about every five, six, seven, eight, nine, ten, eleven, twelve, thirteen, or fourteen
days or longer. The dosing interval can be at least about one and one-half to 5, one and one-half, 2, 3, 4, or 5 days or
longer. For on-demand treatment, the dosing interval of said chimeric polypeptide or hybrid is about once every 24-36,
24-48, 24-72, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, or 72 hours or longer.
[0155] In certain aspects, the effective dose for Factor VIII is 25-65 IU/kg (25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 62, 64, or 65
IU/kg) and the dosing interval is once every 3-5, 3-6, 3-7, 3, 4, 5, 6, 7, or 8 or more days, or three times per week, or no
more than three times per week. In one aspect, the effective dose is 65 IU/kg and the dosing interval is once weekly, or
once every 6-7 days.
[0156] "Long-acting Factor VIII" is a Factor VIII having an increased half-life (also referred to herein as t1/2, t1/2 beta,
elimination half-life and HL) over a reference Factor VIII. The increased half-life of a long-acting Factor VIII can be due
to fusion to one or more non-Factor VIII polypeptides such as, e.g., Fc, XTEN or albumin. The increased half-life can
be due to one or more modification, such as, e.g., pegylation. Exemplary long-acting Factor VIII polypeptides include,
e.g., chimeric Factor VIII polypeptides comprising Fc, chimeric Factor VIII polypeptides comprising XTEN and chimeric
Factor VIII polypeptides comprising albumin. Additional exemplary long-acting Factor VIII polypeptides include, e.g.,
pegylated Factor VIII.
[0157] The "reference" polypeptide, in the case of a long-acting chimeric Factor VIII polypeptide, is a polypeptide
consisting essentially of the Factor VIII portion of the chimeric polypeptide, e.g., the same Factor VIII portion without the
Fc portion, without the XTEN portion, or without the albumin portion. Likewise, the reference polypeptide in the case of
a modified Factor VIII is the same Factor VIII without the modification, e.g., a Factor VIII without the pegylation.
[0158] In some embodiments, the long-acting Factor VIII has one or more of the following properties when administered
to a subject:

a mean residence time (MRT) (activity) in said subject of about 14-41.3 hours;

a clearance (CL) (activity) in said subject of about 1.22-5.19 mL/hour/kg or less;

a t1/2beta (activity) in said subject of about 11-26.4 hours;

an incremental recovery (K value) (activity; observed) in said subject of about 1.38-2.88 IU/dL per IU/kg;

a Vss (activity) in said subject of about 37.7-79.4 mL/kg; and

an AUC/dose in said subject of about 19.2-81.7 IU∗h/dL per IU/kg.

[0159] In some embodiments, the long-acting Factor VIII has one or more of the following properties when administered
to a patient population:

a mean incremental recovery (K-Value) (activity; observed) greater than 1.38 IU/dL per IU/kg;

a mean incremental recovery (K-Value) (activity; observed) of at least about 1.5, at least about 1.85, or at least
about 2.46 IU/dL per IU/kg.

a mean clearance (CL) (activity) in said patient population of about 2.33 6 1.08 mL/hour/kg or less;

a mean clearance (CL) (activity) in said patient population of about 1.8-2.69 mL/hour/kg;

a mean clearance (CL) (activity) in said patient population that is about 65% of the clearance of a polypeptide
comprising said Factor VIII without modification;
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a mean mean residence time (MRT) (activity) in said patient population of at least about 26.3 6 8.33 hours;

a mean MRT (activity) in said patient population of about 25.9 - 26.5 hours;

a mean MRT (activity) in said patent population that is about 1.5 fold longer than the mean MRT of a polypeptide
comprising said Factor VIII without modification;

a mean t1/2beta (activity) in said patient population of about 18.3 6 5.79 hours;

a mean t1/2beta (activity)in said patient population that is about 18 - 18.4 hours;

a mean t1/2beta (activity) in said patient population that is about 1.5 fold longer than the mean t1/2beta of a polypeptide
comprising said Factor VIII without modification;

a mean incremental recovery (K value) (activity; observed) in said patient population of about 2.01 6 0.44 IU/dL
per IU/kg;

a mean incremental recovery (K value) (activity; observed) in said patient population of about 1.85 - 2.46 IU/dL per
IU/kg;

a mean incremental recovery (K value) (activity; observed) in said patient population that is about 90 % of the mean
incremental recovery of a polypeptide comprising said Factor VIII without modification;

a mean Vss (activity) in said patient population of about 55.1 6 12.3 mL/kg;

a mean Vss (activity) in said patient population of about 45.3 - 56.1 mL/kg;

a mean AUC/dose (activity) in said patient population of about 49.9 6 18.2 IU∗h/dL per IU/kg;

a mean AUC/dose (activity) in said patient population of about 44.8 - 57.6 IU∗h/dL per IU/kg.

[0160] In some embodiments, the dosing interval for Factor IX is 6-18, 6-10, 9-18, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, or at least 18 days.
The dosing interval can be at least about once weekly, and can be 6-10 days, e.g., about 7-10, about 7-9, about 7-8,
about 8-10, about 9-10, about 6-7, about 8-9, about 6, about 7, about 8, about 9, or about 10 days.
[0161] The dosing interval can be 9-18 days, e.g., about 9-17, about 9-16, about 9-15, about 9-14, about 9-13, about
9-12, about 9-11, about 9-10 days, about 10-18, about 11-18, about 12-18, about 13-18, about 14-18, about 15-18,
about 16-18, about 17-18 days, about 10-11, about 11-12, about 12-13, about 13-14, about 14-15, about 15-16, and
about 16-17 days, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, or about
18 days. The dosing interval can be about 10-14 days. The dosing interval can be about every two weeks or twice
monthly. The dosing interval can be longer than 18 days, e.g., about 19, about 20, about 21, about 22, about 23, about
24, about 25, about 26, about 27, about 28, about 29, about 30, about 31, about 32, about 33, about 34, about 35, about
36, about 37, about 38, about 39, or about 40 days. The dosing interval can be a fixed interval, e.g., 7 days for 25-50
IU/kg, 10-13 days for 50-100 IU/kg, or 14 days for 100-150 IU/kg. The fixed interval and dose are determined such that
the combination of interval and dose will result in a trough of at least about 1-5 or at least about 1-3, or at least about 1,
at least about 2, or at least about 3 IU/dl FIX activity in a population of subjects or in an individual subject. The fixed
dosing interval can also be 7 days for 20-50 IU/kg, 10-14 days for 50-100 IU/kg, 14-16 days for 100-150 IU/kg, 7 days
for 10-50 IU/kg, 10-13 days for 15-100 IU/kg, or 14-15 days for 50-150 IU/kg. The fixed dosing interval can also be 7
days for 10-30 IU/kg, 10 days 15-50 IU/kg, 11 days 20-70 IU/kg, 12 days 25-85 IU/kg, 13 days 30 to 100 IU/kg, 14 days
40 to 125 IU/kg, and 15 days for 50-150 IU/kg.
[0162] In certain embodiments, the dosing interval is 20 IU/kg once weekly, 40 IU/kg every 10 days, or 100 IU/kg every
two weeks (twice monthly).
[0163] The dosing interval can be an individualized interval that is determined for each subject based on pharmacok-
inetic data or other information about that subject. The individualized dose/dosing interval combination can be the same
as those for fixed interval regimens in the preceding paragraphs, or can differ. The regimen can initially be at a fixed
dosing interval, and then it can change to an individualized dosing interval.
[0164] Bleeding disease or disorder, as used herein, means a genetically inherited or acquired condition characterized
by a tendency to bleed, either spontaneously or as a result of trauma or surgery, due to an impaired ability or inability
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to form a fibrin clot. Bleeding disease or disorder can require on-demand treatment or prophylactic treatment. Exemplary
bleeding disorders are hemophilia A and hemophilia B.
[0165] "On-demand treatment," as used herein, means treatment that is intended to take place over a short course
of time and is in response to an existing condition, such as a bleeding episode, or a perceived short term need such as
planned surgery. Conditions that can require on-demand treatment include a bleeding episode, hemarthrosis, muscle
bleed, oral bleed, hemorrhage, hemorrhage into muscles, oral hemorrhage, trauma, trauma capitis, gastrointestinal
bleeding, intracranial hemorrhage, intra-abdominal hemorrhage, intrathoracic hemorrhage, bone fracture, central nerv-
ous system bleeding, bleeding in the retropharyngeal space, bleeding in the retroperitoneal space, or bleeding in the
illiopsoas sheath. Bleeding episodes other than these are also included. The subject can be in need of surgical prophylaxis,
peri-operative management, or treatment for surgery. Such surgeries include minor surgery, major surgery, tooth ex-
traction, tonsillectomy, other dental/thoraco-facial surgeries, inguinal herniotomy, synovectomy, total knee replacement,
other joint replacement, craniotomy, osteosynthesis, trauma surgery, intracranial surgery, intra-abdominal surgery, in-
trathoracic surgery. Surgeries other than these are also included.
[0166] Additional conditions that can require on-demand treatment include minor hemorrhage, hemarthroses, super-
ficial muscle hemorrhage, soft tissue hemorrhage, moderate hemorrhage, intramuscle or soft tissue hemorrhage with
dissection, mucous membrane hemorrhage, hematuria, major hemorrhage, hemorrhage of the pharynx, hemorrhage of
the retropharynx, hemorrhage of the retroperitonium, hemorrhage of the central nervous system, bruises, cuts, scrapes,
joint hemorrhage, nose bleed, mouth bleed, gum bleed, intracranial bleeding, intraperitoneal bleeding, minor spontaneous
hemorrhage, bleeding after major trauma, moderate skin bruising, or spontaneous hemorrhage into joints, muscles,
internal organs or the brain. Additional reasons for on-demand treatment include the need for peri-operative management
for surgery or dental extraction, major surgery, extensive oral surgery, urologic surgery, hernia surgery, orthopedic
surgery such as replacement of knee, hip, or other major joint.
[0167] In certain aspects, on-demand treatment resolves greater than 80% (greater than 80%, greater than 81%,
greater than 82%, greater than 83%, greater than 84%, greater than 85%, greater than 86%, greater than 87%, greater
than 88%, greater than 89%, greater than 90%, greater than 91%, greater than 92%, greater than 93%, greater than
94%, greater than 95%, greater than 96%, greater than 97%, greater than 98%, greater than 99%, or 100%) or 80-100%,
80-90%, 85-90%, 90-100%, 90-95%, or 95-100% of bleeds (e.g., spontaneous bleeds) in a single dose. In certain
aspects, greater than 80% (greater than 81%, greater than 82%, greater than 83%, greater than 84%, greater than 85%,
greater than 86%, greater than 87%, greater than 88%, greater than 89%, greater than 90%, greater than 91%, greater
than 92%, greater than 93%, greater than 94%, greater than 95%, greater than 96%, greater than 97%, greater than
98%, or 100%) or 80-100%, 80-90%, 85-90%, 90-100%, 90-95%, or 95-100% of bleeding episodes are rated excellent
or good by physicians after on-demand treatment. In certain aspects, greater than 5%, (greater than 6%, greater than
7%, greater than 8%, greater than 9%, greater than 10%, greater than 11%, greater than 12%, greater than 13%, greater
than 14%, greater than 15%, greater than 16%, greater than 17%, greater than 18%, greater than 19%, greater than
20%), or 5-20%, 5-15%, 5-10%, 10-20%, or 10-15% of bleeding episodes are rated as fair by physicians after on-demand
treatment.
[0168] "Prophylactic treatment," or "prophylaxis" as used herein, means administering a Factor VIII or Factor IX polypep-
tide in multiple doses to a subject over a course of time to increase the level of Factor VIII or Factor IX activity in a
subject’s plasma. In certain aspects, the increased level is sufficient to decrease the incidence of spontaneous bleeding
or to prevent bleeding in the event of an unforeseen injury. Prophylactic treatment decreases or prevents bleeding
episodes, for example, those described under on-demand treatment. In some embodiments, prophylactic treatment is
administered such that the plasma protein level in the subject does not fall below the baseline level for that subject or
below the level of Factor VIII or Factor IX that characterizes severe hemophilia. Prophylactic treatment can be fixed or
can be individualized, as discussed under "dosing interval", e.g., to compensate for inter-patient variability.
[0169] In certain aspects, the prophylaxis regimen is "tailored" to the individual patient, for example, by determining
PK data for each patient and administering Factor VIII of the invention at a dosing interval that maintains a trough level
of 1-3% FVIII activity. Adjustments can be made when a subject experiences unacceptable bleeding episodes defined
as ≥2 spontaneous bleeding episodes over a rolling two-month period. In this case, adjustment will target trough levels
of 3-5%. In certain aspects, prophylactic treatment results in prevention and control of bleeding, sustained control of
bleeding, sustained protection from bleeding, and/or sustained benefit. Prophylaxis, e.g., sustained protection can be
demonstrated by an increased AUC to last measured time point (AUC-LAST) and reduced clearance, resulting in in-
creased terminal t1/2 compared to short acting FVIII. In certain aspects, prophylaxis is demonstrated by better Cmax,
better Tmax, and/or greater mean residence time versus short-acting FVIII. In certain aspects, prophylaxis results in no
spontaneous bleeding episodes within about 24, 36, 48, 72, or 96 hours (e.g., 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 96, 87, 88, 89, 90, 91, 92, 93, 94, 95, or 96
hours, for example, within 72 hours), after injection (e.g., the last injection). In certain aspects, prophylaxis results in
greater than 30% (e.g., greater than 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
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53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 96, 87, 88, 89, or 90%, for example, greater than 50%), mean reduction in annualized bleeding episodes with
once weekly dosing (e.g., at 65 IU/kg).
[0170] Pharmacokinetic (PK) parameters include the terms above and the following terms, which have their ordinary
meaning in the art, unless otherwise indicated. Some of the terms are explained in more detail in the Examples. PK
parameters can be based on FIX antigen level (often denoted parenthetically herein as "antigen") or FIX activity level
(often denoted parenthetically herein as "activity"). In the literature, PK parameters are often based on FIX activity level
due to the presence in the plasma of some patients of endogenous, inactive FIX, which interferes with the ability to
measure administered (i.e., exogenous) FIX using antibody against FIX. However, when FIX is administered as part of
a fusion protein containing a heterologous polypeptide such as a FcRn BP, administered (i.e., exogenous) FIX antigen
can be accurately measured using antibody to the heterologous polypeptide. In addition, certain PK parameters can be
based on model predicted data (often denoted parenthetically herein as "model predicted") or on observed data (often
denoted parenthetically herein as "observed"), and can be based on observed data.
[0171] "Baseline," as used herein, is the lowest measured plasma FVIII or FIX level in a subject prior to administering
a dose. "Baseline" can also be derived from control measurements made in patients with known disease severity, healthy
individuals, or a combination thereof.
[0172] "Area under the plasma concentration versus time curve" ("AUC"), which, as used herein, is based upon the
rate and extent of elimination of FVIII or FIX following administration. AUC is determined over a specified time period,
such as 12, 18, 24, 36, 48, or 72 hours, or for infinity using extrapolation based on the slope of the curve. Unless otherwise
specified herein, AUC is determined for infinity (AUCINF). AUC can also be calculated on a per dose basis. As with many
of the other PK parameters, the determination of AUC can be carried out in a single subject, or in a population of subjects
for which the average is calculated. Therefore, the mean AUC/dose in a patient population can be about 26-40, about
26, about 27, about 28, about 29, about 30, about 31, about 32, about 33, about 34, about 35, about 36, about 37, about
38, about 39, or about 40 IU*h/dL per IU/kg.
[0173] "In vivo recovery" ("IVR") is represented by the incremental recovery (K-value), which is the observed peak
activity minus predose level and then divided by the dose. IVR can also be calculated on a percentage basis. For clarity,
the units (K value or IU/dl per IU/kg versus %) are used herein. The mean IVR can be determined in a patient population,
or the individual IVR can be determined in a single subject. The chimeric polypeptide of the invention can exhibit an
mean IVR in a patient population of 0.85-1.15 (e.g., about 0.85, about 0.86, about 0.87, about 0.88, about 0.89, about
0.90, about 0.91, about 0.92, about 0.93, about 0.94, about 0.95, about 0.96, about 0.97, about 0.98, about 0.99, about
1.0, about 1.05, about 1.10, about 1.15) and an IVR in a subject of at least about 0.6, about 0.7, 0.8, about 0.9, about
1.0, about 1.1, or about 1.2 IU/dl per IU/kg.
[0174] "Clearance rate" ("CL"), as used herein, is a measure of the body’s ability to eliminate a drug, and is expressed
as the volume of plasma cleared of drug over time. A chimeric polypeptide of the invention can exhibit a mean CL in a
population of 3.0-3.72, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, or 3.72 mL/hour/kg.
[0175] "Mean residence time" ("MRT"), as used herein, is a measure of the average lifetime of drug molecules in the
body. A chimeric polypeptide of the invention can exhibit a mean MRT in a population of 60-78, about 60, about 62,
about 64, about 66, about 68, about 70, about 72, about 74, about 76, or about 78 hours and a MRT in a subject of at
least about 50, about 55, about 60, about 65, about 70, about 75, about 80, about 85, or about 90 hours.
[0176] "t1/2β," or t1/2 beta" or "Beta HL," as used herein, is half-life associated with elimination phase, t1/2β=(ln2)/elimi-
nation rate constant associated with the terminal phase. A chimeric polypeptide of the invention can exhibit an average
t1/2β greater than about 47, about 48, about 49, about 50, about 51, about 52, about 53, about 54, about 55, about 56,
about 57, about 58, about 59, or about 60 hours.
[0177] "Trough," as used herein, is the lowest plasma FVIII or FIX activity level reached after administering a dose of
chimeric FVIII or FIX polypeptide and before the next dose is administered, if any. Trough is used interchangeably herein
with "threshold." Baseline FVIII or FIX levels are subtracted from measured FVIII or FIX to calculate the trough level. In
some embodiments, the trough is 1-5 or 1-3 IU/dl after about 6, about 7, about 8, about 9, about 10, about 11, about
12, about 13 or about 14 days. In some embodiments, the plasma level of the chimeric polypeptide reaches an average
trough of at least about 1 IU/dl after at least about 6 days in at least about 70%, at least about 80%, at least about 90%,
or about 100% of a patient population or reaches a trough of at least about 1, 2, 3, 4, or 5 IU/dl after at least about 6
days in a subject. In some embodiments, the plasma level of said chimeric polypeptide reaches an average trough of
about 1-5 or 1-3 IU/dl. Such trough or average trough can be reached after about 6, about 7, about 8, about 9, about
10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about
22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30, about 31, about 32, about 33, about
34, about 35, about 36, about 37, about 38, about 39, or about 40 days.
[0178] "Volume of distribution at steady state (Vss)," as used herein, is the apparent space (volume) into which a drug
distributes. Vss = the amount of drug in the body divided by the plasma concentration at steady state. The mean Vss in
a patient population can be 200-300, about 200, about 210, about 220, about 230, about 240, about 250, about 260,
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about 270, about 280, about 290, or about 300 mL/kg. The Vss for individual subjects can be about 145, about 150,
about 160, about 170, about 180, about 190, about 200, about 210, about 220, about 230, about 240, about 250, about
260, about 270, about 280, about 290, about 300, about 310, about 320, about 330, about 340, about 350, about 360,
or about 370 ml/kg.
[0179] "Therapeutic dose," as used herein, means a dose that achieves a therapeutic goal, as described herein.
[0180] The calculation of the required dosage of factor VIII is based upon the empirical finding that, on average, 1 IU
of factor VIII per kg body weight raises the plasma factor VIII activity by approximately 2 IU/dL. The required dosage is
determined using the following formula: 

[0181] The therapeutic doses of FVIII that can be used in the methods of the invention are about 10-100 IU/kg, more
specifically, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80-90, or 90-100 IU/kg, and more specifically, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 IU/kg.
[0182] Additional therapeutic doses of FVIII that can be used in the methods of the invention are about 10 to about
150 IU/kg, more specifically, about 100-110, 110-120, 120-130, 130-140, 140-150 IU/kg, and more specifically, about
110, 115, 120, 125, 130, 135, 140, 145, or 150 IU/kg.
[0183] The calculation of the required dosage of plasma derived Factor IX (pdFIX) is based upon the empirical finding
that, on average, 1 IU of pdFIX per kg body weight raises the plasma Factor IX activity by approximately 1 IU/dL (1%).
On that basis, the required dosage is determined using the following formula: 

[0184] Because FIXFc, e.g., as described in Figure 1, has an incremental recovery similar to pdFIX (different from
that of BENEFIX®), the required dose is determined using the formula above, or adjusting it slightly. For pediatric subjects
using pdFIX, dosage guidance is the same as for adults. However, pediatric patients can have a lower incremental
recovery, and the dosage can therefore need to be adjusted upwards.
[0185] The therapeutic doses that can be used in the methods of the invention are 10-180, 20-180, or 25-180 IU/kg,
more specifically, exemplary doses for a 6-10 day dosing interval are as follows: about 25-110, about 30-110, about
40-110, about 50-110, about 60-110, about 70-110, about 80-110, about 90-110, and about 100-110; about 30-100,
about 30-90, about 30-80, about 30-70, about 30-60, about 30-50, about 30-40 IU/kg; about 40-110, about 50-100, about
60-90, and about 70-80 IU/kg; about 40-50, about 50-60, about 60-70, about 70-80, about 80-90, about 90-100, and
about 100-110 IU/kg; about 25, about 30, about 35, about 40, about 45, about 50, about 55, about 60, about 65, about
70, about 75, about 80, about 85, about 90, about 95, about 100, about 105, and about 110 IU/kg. A 6-10 day dosing
interval includes a weekly dosing interval. Additional therapeutic doses for a 6-10 day, e.g., weekly, dosing interval
include 20-50, 20-100, and 20-180 IU/kg, more specifically, exemplary doses for a 6-10 day, e.g., weekly, dosing interval
are as follows: about 20-110, about 20-100, about 20-90, about 20-80, about 20-70, about 20-60, about 20-50, about
20-40, about 20-30, about 20-40, and about 20 IU/kg. Doses can be lower than 20 IU/kg if effective for a given patient,
e.g., about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, or about 19 IU/kg.
[0186] Exemplary therapeutic doses for a 9-18 day, e.g., two times monthly, dosing interval are as follows: about
50-180, about 60-180, about 70-180, about 80-180, about 90-180, about 100-180, about 110-180, about 120-180, about
130-180, about 140-180, about 150-180, about 160-180, and about 170-180 IU/kg; about 90-170, about 90-160, about
90-150, about 90-140, about 90-130, about 90-120, about 90-110, and about 90-100 IU/kg; about 100-170, about
110-160, about 120-150, and about 130-140 IU/kg; about 90-100, about 100-110, about 110-120, about 120-130, about
130-140, about 140-150, about 150-160, and about 160-170 IU/kg; about 60, about 70, about 80, about 90, about 95,
about 100, about 105, about 110, about 115, about 120, about 125, about 130, about 135, about 140, about 145, about
150, about 155, about 160, about 165, about 170, about 175, and about 180 IU/kg.
[0187] Exemplary therapeutic doses are 10-50, 15-100, 20-100, 20-50, 50-100, 10, 20, 40, 50, and 100 IU/kg.
[0188] The therapeutic dose can be about 20-50, about 20-100, about 20-180, 25-110, about 30-110, about 40-110,
about 50-110, about 60-110, about 70-110, about 80-110, about 90-110, about 100-110, about 30-100, about 30-90,
about 30-80, about 30-70, about 30-60, about 30-50, about 30-40 IU/kg, about 40-110, about 50-100, about 60-90, about
70-80 IU/kg, about 40-50, about 50-60, about 60-70, about 70-80, about 80-90, about 90-100, about 100-110 IU/kg,
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about 20, about 25, about 30, about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70, about
75, about 80, about 85, about 90, about 95, about 100, about 105, and about 110 IU/kg. Such doses can be used for
dosing intervals of about 6-10, about 7-10, about 7-9, about 7-8, about 8-10, about 9-10, about 6-7, about 8-9, about 6,
about 7, about 8, about 9, and about 10 days, and once weekly.
[0189] The therapeutic dose can about 90-180, about 100-180, about 110-180, about 120-180, about 130-180, about
140-180, about 150-180, about 160-180, and about 170-180 IU/kg. The dose can be about 90-170, about 90-160, about
90-150, about 90-140, about 90-130, about 90-120, about 90-110, and about 90-100 IU/kg. The dose can be about
100-170, about 110-160, about 120-150, and about 130-140 IU/kg. The dose can be about 90-100, about 100-110,
about 110-120, about 120-130, about 130-140, about 140-150, about 150-160, and about 160-170 IU/kg. The dose can
be about 90, about 95, about 100, about 105, about 110, about 115, about 120, about 125, about 130, about 135, about
140, about 145, about 150, about 155, about 160, about 165, about 170, about 175, and about 180 IU/kg. Such doses
can be used for dosing interval of about 9-18, about 9-17, about 9-16, about 9-15, about 9-14, about 9-13, about 9-12,
about 9-11, about 9-10, about 10-18, about 11-18, about 12-18, about 13-18, about 14-18, about 15-18, about 16-18,
about 17-18, about 10-11, about 11-12, about 12-13, about 13-14, about 14-15, about 15-16, and about 16-17 days,
about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, and about 18 days, one time
monthly and two times monthly (every two weeks).
[0190] Exemplary therapeutic dose and dosing intervals are as follows: 20 IU/kg once weekly, 40 IU/kg every 10 days,
and 100 IU/kg every two weeks (twice monthly). Additional combinations of dose and dose interval include: a dose at
least about 50 IU/kg and a dosing interval at least about 7 days, a dose at least about 100 IU/kg and a dosing interval
at least about 9 days, a dose at least about 100 IU/kg and a dosing interval at least about 12 days, a dose at least about
150 IU/kg and a dosing interval at least about 14 days, 20-50 or 20-100 IU/kg and said dosing interval is one time weekly,
a dose of 20-50 IU/kg and a dosing interval of 7 days, a dose of 50-100 IU/kg and a dosing interval of 10-14 days, or a
dose of 100-150 IU/kg and a dosing interval of 14-16 days. Exemplary combinations of dosing interval and dose also
include 10-50 IU/kg for 7 days, 15-100 IU/kg for 10-13 days, 50-150 IU/kg for 14-15 days, 10-30 IU/kg for 7 days, 15-50
IU/kg for 10 days, 20-70 IU/kg for 11 days, 25-85 IU/kg for 12 days, 30 to 100 IU/kg for 13 days, 40 to 125 IU/kg for 14
days, and 50-150 IU/kg for 15 days.

VI. Testing for clotting activity in patients.

[0191] The methods and systems of the present disclosure can be applied to treating a patient or evaluating or
determining whether a patient will benefit from administration of a therapeutically effective dose of a therapeutic agent
that is capable of treating a bleeding disorder, for example, hemophilia A or hemophilia B. The application of the methods
of systems disclosed herein can be used to apply more precise clotting factor dosing to patients.
[0192] In a further aspect, the methods and systems disclosed herein can be used to increase the power and effec-
tiveness of clinical trials. Thus, individuals in a study can be monitored and dosages adjusted individually.
[0193] The present disclosure also provides methods of treating bleeding disorders by administration of a clotting
factor, e.g., factor VIII or factor IX. Individualized treatment using the methods provided herein can result in fewer disease
flare-ups, and thus provide a higher quality of life for the patient.
[0194] In order to treat a patient, samples from the patient can be obtained before or after the administration of a FVIII
or FIX polypeptide. In some cases, successive samples can be obtained from the patient after clotting factor treatment
has commenced or after treatment has ceased. Samples can, e.g., be requested by a healthcare provider (e.g., a doctor)
or healthcare benefits provider, obtained and/or processed by the same or a different healthcare provider (e.g., a nurse,
a hospital) or a clinical laboratory, and after processing, the results can be forwarded to yet another healthcare provider,
healthcare benefits provider or the patient. Similarly, the measuring/determination of clotting times, the comparisons
between time points, and treatment decisions can be performed by one or more healthcare providers, healthcare benefits
providers, and/or clinical laboratories.
[0195] The methods described herein can be used for variety of evaluations, including without limitation, analysis of
a patient’s blood prior to treatment (or after complete washout of prior therapeutic treatment, to evaluate ’baseline’ clot
formation (which may correlate with severity of the disease) and 2) adding various therapeutic composition(s) such as
recombinant FVII or FIX ex vivo to such blood in order to predict the individual’s response to therapy.
[0196] In certain aspects of the disclosed methods, a blood sample is obtained from a patient or subject. The patient
or subject can have a diagnosed bleeding disorder such as hemophilia, or can be a patient or subject where a bleeding
disorder is suspected, but has not yet been diagnosed. A blood sample can be obtained by any known method including,
but not limited to venipuncture, skin puncture, e.g., a finger stick with a lance or other device, or arterial sampling. The
blood sample can be, e.g., whole blood, serum, or plasma. The blood sample may be stored for later clotting assessment,
or may be assessed at the time of obtaining the blood sample. The blood sample can be obtained by the patient or
subject, by a healthcare provider, or by a clinical laboratory. Once obtained, the blood sample can be assayed by a
healthcare provider, or submitted to a clinical laboratory by a healthcare provider or the patient or subject.
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[0197] In a further aspect of the disclosed methods, one or more clot formation properties of the obtained blood sample
are measured. Such properties include any measurable phenotypic or physiological event associated with blood clotting.
Clot formation properties that can be measured include, but are not limited to, the patterns of changes in shear elasticity
of the developing clot, determination of the kinetics of clot formation, as well as the strength and stability of the formed
clot. Other clot formation properties include the time and extent of thrombin generation or the time and extent of the
generation of particular clotting factors such as FVIII or FIX. Any measurable clot formation property that can be used
to assess hemostasis can be measured according to the methods provided herein. Exemplary methods to measure clot
formation properties such as TGA, ROTEM®, ROTEG, and the like, are disclosed herein. In certain aspects, multiple
measurements are made over time. One or more measurements can be made prior to treatment, throughout a course
of treatment, or after treatment.
[0198] In certain aspects clot formation properties in one or more normal healthy subjects can be measured to provide
baseline, standard, or normal results as negative controls. Similarly, clot formation properties can be measured in patients
known to suffer from a particular bleeding disorder, or from a series of patients known to have bleeding disorders of
different severities, to be used as positive controls. In certain aspects, clot formation properties can be measured in
patients undergoing treatment with clotting factors before, during, and after treatment to provide "baseline" results
corresponding to efficacious treatment. As will be appreciated, "baseline" results in bleeding disorder patients undergoing
treatment can differ significantly for results obtained from normal health individuals, even if the treatment is very effica-
cious. As will be understood by those of ordinary skill in the art, results can vary significantly in a single subject or between
subjects, even between healthy subjects. Accordingly, in certain aspects of the invention clot formation properties can
be measured multiple times from a single obtained blood sample or from separately obtained blood samples, and for
standards and controls, clot formation property measurements can be averaged over a population of subjects, e.g., 3
subjects, 5 subjects, 10 subjects, 50 subjects, or 100 or more subjects.
[0199] One or more clot formation properties can be measured by a healthcare provider, by a clinical laboratory, or
by any other authorized facility. In certain aspects measurement of one or more clot formation properties can be ordered
by a patient’s primary or specialized healthcare provider. In certain aspects the patient or subject can ask the measure-
ments to be taken. In certain aspects, measurement of one or more clot formation properties can be ordered by a
healthcare benefits provider, e.g., prior to authorizing payment for treatment of a bleeding disorder.
[0200] In certain aspects of the disclosed methods, the results of the measurement of one or more clot formation
properties as described above can be compared to one or more control measurements. Such control measurements
can be, for example, an individual subject’s baseline measurement, e.g., prior to or following treatment. Alternatively,
control measurements can be measurements of clot formation properties of one or more normal healthy subjects, or
measurements of clot formation properties of one or more known patients with a known bleeding disorder-either treated,
untreated, or both.
[0201] In certain aspects, the control or baseline measurements are made at the same time and place as the meas-
urements of clot formation properties of subject to be assessed. Having to perform such controls each time a measurement
is made of a known or potential bleeding disorder patient can be inconvenient and expensive. Accordingly, in one aspect
of the invention standardized baseline or control measurements are made at a centralized location and used to compare
a patient’s or potential patient’s measurements. To insure that the measurements at the centralized location and those
at various satellite locations can be standardized, common instruments, reagents and materials are provided to each
satellite location. Control measurements can be made regularly at each satellite location to validate the accuracy of the
measurements being made at that location. Validation of satellite laboratories for measurement of clot formation properties
can provide a way to "globalize" measurements of clot formation properties. Such standardization can allow healthcare
providers to more accurately determine and/or adjust therapeutic regimens for a given patient, or to determine that a
subject does not require treatment.
[0202] In certain aspects the comparison with baseline or control measurements is carried out by a healthcare provider
using patient data generated by the healthcare provider or provided from a satellite laboratory or a centralized laboratory
and comparing the data to baseline or control data generated by the healthcare provider, a satellite laboratory, a cen-
tralized laboratory, or a combination thereof. In certain aspects the comparison is performed by a clinical laboratory
(either a validated satellite facility or a centralized facility) using a patient blood sample provided by a healthcare provider,
with comparison being made to data generated either at the satellite facility or a centralized facility.
[0203] In certain aspects, the methods disclosed herein provide healthcare providers and patients with a more accurate
and reliable method of treating or evaluating bleeding disorders. Based on the date obtained from global hemostasis
assays as provided herein, a subject can be determined to have, or to not have, a bleeding disorder. Furthermore,
treatments can be more precisely adapted to the quality and severity of a patient’s bleeding disorder. For example, a
patient’s therapy can be altered, increased, decreased, increased in frequency, decreased in frequency, or discontinued.
In certain aspects, a patient with a known bleeding disorder who is contemplating a procedure such as surgery can be
carefully monitored, and the patient’s treatment can be adapted to whatever procedure is to be performed. In certain
aspects, the methods provided herein provide a way to improve the results obtained from clinical trials of new bleeding
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disorder treatments, such as recombinant or synthetic clotting factors.
[0204] Treatment options indicated by the results obtained from the disclosed methods can be automatically generated
upon comparison to the baseline control results, or the results can be sent to a healthcare provider who makes a decision
on treatment options based on the results. In certain aspects where the treatment options are generated at a clinical
laboratory, the results sent to a healthcare professional can include instructions to the healthcare provider to initiate,
adjust, alter, optimize, or discontinue treatment in view of the assay results. In certain aspects such instructions can be
based on statistical data obtained from a plurality of patients exhibiting similar results. While a healthcare provider is
normally the ultimate decision maker as to treatment of a bleeding disorder, as used herein the concept of "instructing
a healthcare provider to initiate, adjust, alter, optimize, or discontinue treatment" refers to, e.g., a report that would be
provided to the healthcare provider indicating the recommended treatment options in view of the results.
[0205] By providing more standardized assays to measure clot formation properties, the methods provided herein
provide patients and healthcare providers with more accurate and reliable tools to manage bleeding disorders.
[0206] Having now described the present invention in detail, the same will be more clearly understood by reference
to the following examples, which are included herewith for purposes of illustration only and are not intended to be limiting
of the invention.

EXAMPLES

Example 1

Apparent discrepancy in TGA activity of rFIXFc vs. BENEFIX® is due to higher FIXa impurity in BENEFIX®.

[0207] The thrombin generation assay (TGA), a global hemostasis assay that monitors the amount of active thrombin
produced in patient plasma after re-calcification, represents a useful indication in the evaluation of coagulation capacity
of hemophilic plasma.
[0208] Samples following rFIXFc or BENEFIX® (Pfizer) administration were analyzed by TGA. When equal units of
rFIXFc and BENEFIX®, as determined by the one stage assay, were spiked into hemophilic plasma and their coagulation
capacity was assessed by the TGA, BENEFIX® generated 2-fold higher peak thrombin and significantly left-shifted
thrombin curve relative to rFIXFc in the presence of limiting tissue factor (TF) and 4 mM phospholipids (PL). As is shown
in FIG. 3A, BENEFIX® appears to have twice the in vitro potency in standard TGA (1 pM TF + 4 mM PL) compared to
rFIXFc (1 IU/mL rFIXFc ≈ 0.5 IU/mL BeneFIX®; IU/mL by aPTT).
[0209] In an assay control without tissue factor triggering, BENEFIX® demonstrated considerable thrombogenic ac-
tivity, whereas rFIXFc was essentially inactive (FIG. 3B). BENEFIX® was observed to have a markedly higher level of
FIXa impurity than rFIXFc in a factor IXa ELISA (see R. T. Peters et al. Prolonged activity of factor IX as a monomeric
Fc fusion protein. Blood 2010; 115: 2057-2064). Factor IXa protease is known to be thrombogenic in an in vivo model
(see, Gray E. et al. Measurement of activated Factor IX in Factor IX concentrates: correlation with in vivo thrombogenicity.
Thromb. Haemost. 1995; 73(4):675-679; Buyue Y. et al. The heparin-binding exosite of factor IXa is a critical regulator
of plasma thrombin generation and venous thrombosis. Blood 2008; 112(8):3234-3241.). It was therefore hypothesized
that the enhanced in vitro thrombin generation profile of BeneFIX® is due to the presence of excess factor IXa.

Thrombin generation profile of BENEFIX® after active site inhibition of protease (FIXa)

[0210] To test the above hypothesis, BeneFIX® was incubated overnight with a serine protease active site blocker,
EGR-chloromethyl ketone, and dialyzed by extensive buffer exchange. Thrombin generation was triggered with 1 pM
tissue factor in the presence of 4 mM phospholipids in FIX-deficient plasma supplemented with 1 IU/mL of FIX material.
The FIXa-blocked or active site-inhibited BENEFIX® showed a very similar thrombin generation profile (ETP, peak
thrombin, time course and slope) to rFIXFc, confirming the role of FIXa in thrombin generation by BENEFIX® (FIG. 3C).

Titration of plasma-derived FIXa into FIX-deficient plasma in the absence of tissue factor. Quantification of FIXa in 
BENEFIX® and rFIXFc drug products by TGA.

[0211] FIXa can be more easily quantified in TGA without added (exogenous) TF, but primed with 5 nM thrombin,
which is consumed during the reaction as seen by the ’0 FIXa’ control in FIG. 3D.
[0212] To quantify the amount of active factor IXa in BENEFIX® and rFIXFc, a plasma-derived factor IXa (e.g., pFIXa,
from Haematologic Technologies, Essex Junction, Vermont) standard curve was constructed by spiking increasing
concentrations of factor IXa (0-100 pM) into human factor IX-deficient plasma in the presence of 4 mM phospholipids.
Prior to starting the measurement, 5 nM thrombin was added to the assay in order to improve sensitivity (FIG. 3E).
[0213] A dose response was observed with a detection limit as low as 0.5 pM pFIXa in FIX-deficient plasma. BENEFIX®,
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FIXa-blocked BENEFIX® and rFIXFc of equal potency (1 IU/mL by the one-stage clotting assay) generated thrombin
responses comparable to 20 pM, 1 pM and 2 pM pFIXa, respectively, indicating the amount of FIXa present in each FIX
product. Representative curve and curve fitting are shown in FIGs. 3D and E. Similar results were observed in different
lots of FIX-deficient plasmas (different single donors).
[0214] In a regular thrombin generation assay triggered with limiting TF, 1 IU/mL rFIXFc supplemented with 20 pM
pFIXa demonstrated an equal peak thrombin and velocity index to 1 IU/mL BENEFIX®.

Tissue factor-triggered thrombin generation profile comparison of BENEFIX® and rFIXFc supplemented with increasing 
plasma-derived FIXa

[0215] To confirm the results from pFIXa titration, a tissue factor-triggered thrombin generation assay was performed
by supplementing 1 IU/mL rFIXFc with increasing concentrations of pFIXa to FIX-deficient plasma and compared with
1 IU/mL BeneFIX® without FIXa (FIG. 3F). In this experiment, 1 IU/mL rFIXFc + 20 pM pFIXa generated the same
amount of thrombin 1 IU/mL BeneFIX® without added FIXa in thrombin generation response. The results are summarized
in Table 1.

Conclusion

[0216] These data suggest that: (1) minor amounts of FIXa in a FIX drug product (e.g., a trace amount of 0.1%) can
trigger significant thrombin generation in global hemostasis assays (e.g., TGA); (2) the higher apparent peak thrombin
and shortened time course in the thrombin generation profile for BENEFIX® relative to rFIXFc are caused entirely by
the presence of factor IXa in BENEFIX®; and (3) discounting the rFIXa impurities in these drug products, BENEFIX®
and rFIXFc have equivalent in vitro thrombin generation activity per unit of FIX activity.
[0217] Thus, comparing the potency of different products or FIX variants by TGA can be highly misleading if they
contain different amounts of FIXa impurity. In vivo, FIXa is rapidly inactivated and does not contribute to the efficacy of
the FIX drug product. Standardization of clinical TGA by spiking the FIX drug product into a baseline plasma sample
may not be accurate, but no such effect of FIXa impurity on aPTT is seen due to rapid contact activation of FIX. Thus,
FIXa can also affect ROTEM®/TEG assays when spiking FIX drug product into hemophilic blood.
[0218] From this data it can also be concluded that thrombin generation assays can be used to evaluate FIXa levels
in FIX products with high sensitivity (0.5 pM FIXa per IU/ml FIX) when small amounts of thrombin are present during the
measurement (e.g., in the assay buffer/assay solution).

Example 2

ROTEM® as a global assay for FVIII activity using different therapies

[0219] As shown in FIG. 4, ROTEM® can be used to analyze FVIII clinical trial samples. Assays were performed at
approximately 20 clinical sites. Platelet poor plasma controls were hemophilic plasma form a single donor (patient 939)
spiked with 30%, 15%, 5%, and 1% of rFVIII
[0220] These results were reproducible within a subject. Pharmacokinetics of rFVIIIFc activity against ADVATE® is
shown in FIG. 5. Pharmacokinetics of rFVIIIFc is reproducible after 14 weeks.
[0221] As shown in FIG. 6A to FIG. 6C, rVIIIFc improves clot formation (shortens clot time) for a longer period than
ADVATE® (Baxter). ROTEM® results for initial rFVIIIFc PK (week 1) and repeat PK (week 14) also overlap. Importantly,
this reproducibility within the same subject is critical for evaluation of inter-subject differences. These data were confirmed

Table 1:

Comparison of BENEFIX® and rFIXFc supplemented with plasma-derived FIXa

pFIXa (pM) Supplement Lag time (min) ETP (nM*min) Peak thrombin (nM) Peak time (min)

rFIXFc+0 pM FIXa 8.5 1175.5 90.37 13

rFIXFc+10 pM FIXa 7.88 1301.5 143.58 11.75

rFIXFc+20 pM FIXa 6.62 1452 231.47 9.62

rFIXFc+50 pM FIXa 6.12 1548 268.13 8.75

rFIXFc+100 pM FIXa 5.5 1600 314.68 7.5

BeneFIX+0 pM FIXa 6.75 1430.5 224.61 9.62
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showing that there is good correlation between FVIII activity (via one-stage assay) and clot time by ROTEM®. As shown
in FIG. 7A to FIG. 7C, at the same FVIII activity, rFVIIIFc appears to form clots more quickly than ADVATE®.

Example 3

Standardization of global hemostasis assays across multiple clinical sites

[0222] Measurement of FVIII or FIX activity in clinical samples by the one-stage clotting assay has been the standard
method for estimating the in vivo activity of current replacement factor products in the treatment of hemophilia. However,
the one-stage clotting assay may not accurately predict the in vivo activity of novel FVIII and FIX products that have
been modified for increased potency or longer half-life. Global hemostasis assays such as thromboelastography (TEG)
and rotation thromboelastometry (ROTEM®) could provide additional information about the in vivo function of FVIII and
FIX products since these whole blood assays are thought to more closely reflect in vivo coagulation.
[0223] The TEG and ROTEM® assays have not gained widespread acceptance in clinical use and have not been
routinely used in hemophilia care mainly due to the lack of assay standardization, absence of reference materials
appropriate for hemophilic patient samples and the time-consuming (low throughput) aspect of processing the blood
samples. Nevertheless, if properly implemented as part of a clinical trial, these assays could provide a surrogate marker
for in vivo activity of novel products where traditional factor assays can be of low predictive value.
[0224] The in vivo activity of long-lasting clotting factor IX Fc fusion protein (rFIXFc) can be more accurately measured
using such method. Recombinant (r) FVIIIFc and rFIXFc are coagulation factors that are genetically fused to the Fc
portion of human immunoglobulin G1 (IgG1). The resulting fusion proteins retain coagulation activity in the one-stage
clotting and chromogenic assays.

Standardization of assay to measure FIXFc activity in vivo

[0225] The effectiveness of a standardized procedure for performing ROTEM® analysis at multiple clinical sites was
evaluated in support of a phase 3 trial of long-lasting clotting factor IX Fc fusion protein.
[0226] Exemplary methods evaluate the process of blood coagulation and fibrinolysis by measuring the viscoelastic
properties of the freshly collected blood over time, thus providing information about coagulation initiation and propagation
kinetics, fibrin-platelet interaction, clot firmness and fibrinolysis. Exemplary parameters relevant to clot formation in
hemophilic samples are clotting time (CT), clot formation time (CFT), α-angle (α), clot firmness (A5 - AX), maximum clot
firmness (MCF) and maximum clot lysis index (ML).
[0227] Comparison of ROTEM® results from individual subjects, e.g., across multiple clinical sites, requires a stand-
ardized procedure and a method for verifying consistent instrument, operator and reagent performance.
[0228] Prior to evaluating clinical samples, each participating site performed a set of quality control (QC) assays using
the ’ROTROL N reagents provided by TEM Innovations GmbH and a set of frozen plasma controls that were prepared
by the central site by spiking hemophilic plasma at 4 different levels of FIX drug product (1 IU/dL, 5 IU/dL, 15 IU/dL and
30 IU/dL).
[0229] To verify reagent suitability and operator performance, including all reagent dilution steps, frozen plasma controls
were prepared by the central site, which contain four levels of rFIX (FIG. 8). A detailed assay protocol and all reagents
needed to perform the ROTEM®, including custom diluents, were provided to the sites by the central site in order to
ensure a consistent method and reagent lot uniformity across all centers participating in this exploratory study. In addition,
local operators at each site participated in hands-on training provided by the central site.
[0230] ROTROL N and plasma controls were tested on several occasions at each site over a period of at least 26
weeks. The data from the repeat assays were used to determine intra-laboratory and inter-laboratory variation. Analysis
of variance (ANOVA) was performed for the inter-laboratory variance. A p-value <0.05 was considered statistically
significant. A mixed effect model was utilized with covariates of center and plasma level. All statistical analyses were
performed in TIBCO Spotfire S+ 8.2 (TIBCO Software Inc., Palo Alto, CA).
[0231] An interim analysis was performed on the QC data gathered from 6 clinical sites that performed a total of 44
QC runs for FIX on 8 ROTEM® instruments (7 model Gamma and 1 model Delta). Among the 4 ROTEM® parameters
evaluated (clotting time, CT; clot formation rate, CFR; maximum clot firmness, MCF and alpha angle), CT was most
reproducible, with a relatively small % CVs among the 5 sites, ranging from 8% to 24% across the 4 concentration levels
of FIX (Table 2).
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[0232] A mixed effect model was fitted for the ROTEM® global QC data (the response variable) with ’centers’ and
’plasma FIX levels’ as covariates. The center had no statistically significant effect on clotting time (p-value = 0.57) and
alpha angle (p-value = 0.85), but a mild impact on MCF (p = 0.12) and CFR (p-value = 0.07). As expected, an increase
in FIX concentration level was shown to significantly reduce the clotting times (p-value = 0.001).
[0233] To further examine the standardization approach in controlling inter-site variability of ROTEM® data, two pa-
rameters, operator and instrument, were also evaluated. Comparison of the results obtained at the 5 clinical sites to
replicate analysis at a single site (19 runs at each FIX level performed at the central site by a single operator on 6 model
Delta instruments) indicated equivalent variability with an overall ANOVA p-value of 0.85 for CT (accounting for the
correlation between ROTEM® data and FIX level) and a similar comparability for CFR, MCF and alpha angle.
[0234] To verify performance of each ROTEM® instrument in the multi-center study, the standardized ROTEM® QC
INTEM method was tested using a single lot of ROTROL N, star-Tem® and in-Tem® reagents. Results are summarized
in FIG. 9. The Batch-specific target ranges (dotted lines) could be confirmed by all participating sites, and there was no
instrument-related clustering of results, e.g., when samples were assayed on multiple instruments at a single site by
one operator. All instruments were maintained within the manufacturer’s specification (per ROTROL N data). Thus,
differences in instrument performance/calibration do not contribute significantly to the inter-site variability (e.g., operator
and instrument variability is not a significant factor in the ROTEM® study).
[0235] Assuming the pre-analytical variables for the blood collection are also minimized in the standardized procedure,
major differences in a subject’s ROTEM® parameters will be a meaningful indicator of their hemostatic potential rather
than simple assay variability between individual test sites.

Subject-specific differences in coagulation patterns of FIX- deficient plasma

[0236] Plasma samples from two congenitally deficient donors showed <0.3% FIX and normal levels of FVII and FVIII
activity (Table 3). ROTEM® parameters at equivalent FIX levels were significantly different in the two donor plasmas
(FIG. 10A and FIG. 10C). Plasma from Donor 2 also demonstrated longer clot time by aPTT compared to plasma from
Donor 1 (FIG. 10B). Plasma from Donor 2 was used to prepare control samples because of greater differentiation at
lower FIX concentrations.

Table 2:

Summary of ROTEM® QC data (Clotting time (INTEM) for plasma control samples)

Global Sites

30% FIX (n=12) 15% FIX (n=11) 5% FIX (n=11) 1% FIX (n=10)

Mean 901 1041 1342 2003

Min, Max 549, 1077 907, 1207 1127, 1737 936,2750

%CV 17% 8% 13% 24%

Central Site

30% FIX (n1 = 19) 15% FIX (n1 = 19) 5% FIX (n1 = 19) 1% FIX (n1 = 19)

Mean 893 1010 1295 2178

Min, Max 776, 1002 895, 1136 1033, 1640 1769,2837

%CV 8% 7% 12% 16%

Table 3:

Clotting factor activity (%)

Assay Donor 1 Donor 2

FVII PT activity [IU/dL] 65 59

FVIII one-stage clotting activity [IU/dL] 105 81

FIX one-stage clotting activity [IU/dL] < 0.3 < 0.3
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Comparison of plasma control results between single site and global sites

[0237] A dose response from 1 UL/dL to 30 IU/dL in FIX-deficient plasma could be visualized by thromboelastometry
parameters CT, α-Angle , A5, but not MCF. Increasing FIX concentrations significantly reduced the clotting times and
increased the α-Angle. A mixed effect model showed that the centers had no statistically significant effect on clotting
time (p-value = 0.43), CFR (p-value = 0.41), alpha (p-value = 0.25), or MCF (p-value = 0.83) compared to the single site
(FIG. 11).

Standardization of assay to measure rFVIIIFc activity in vivo

[0238] The effectiveness of a standardized procedure for performing ROTEM® analysis at multiple clinical sites was
evaluated in support of a phase 3 trial of long-lasting clotting factor VIII Fc fusion protein.
[0239] Comparison of ROTEM® results from individual subjects, e.g., across multiple clinical sites, requires a stand-
ardized procedure and a method for verifying consistent instrument, operator and reagent performance.
[0240] Prior to evaluating clinical samples, each participating site (14 sites) performed a set of quality control (QC)
assays using the ROTROL N reagents provided by TEM Innovations GmbH.. To verify reagent suitability and operator
performance, including all reagent dilution steps, frozen plasma controls were prepared by the central site, which contain
four levels of rFVIII (1%, 5%, 15% and 30%). A detailed assay protocol and all reagents needed to perform the ROTEM®,
including custom diluents, custom controls, and other supplies were provided to the sites by the central site in order to
ensure a consistent method and reagent lot uniformity across all centers participating in this exploratory study. In addition,
local operators at each site participated in hands-on training provided by the central site. Eight tests were performed at
each FVIII level at the central site, and a total of 35 tests per FVIII level were performed at the 14 clinical sites.
[0241] The results are shown in FIG. 12. No significant differences were found between the central site results and
the global results at each FVIII concentration.

Conclusions

[0242] ROTEM® standardization across multiple sites in support of a global clinical trial is possible by providing detailed
procedures, hands-on training and uniform reagents to each site
[0243] ROTROL N and frozen plasma controls can be used instead of fresh whole blood to verify instrument and assay
performance at each site.
[0244] Normalization of whole blood results against plasma standards as a method for improving comparability of
clinical results, while useful, may not be needed with this level of procedural standardization. Even if not necessary,
frozen plasma standards can be used to ’normalize’ whole blood results caused by, e.g., site/instrument differences.
[0245] Assuming the pre-analytical variables for the blood collection are also minimized in the standardized procedure,
we expect that major differences in ROTEM® parameters between individual subjects will be a meaningful indicator of
their hemostatic potential rather than assay variability between individual test sites.

Example 4

Evaluation of Inter-Site Variability of the ROTEM® Assay

[0246] The one-stage clotting assay is the standard method for estimating the in vivo activity of replacement factor
products in the treatment of hemophilia. A global hemostasis assay, such as rotation thromboelastometry (ROTEM®)
could provide additional information about the in vivo function of FVIII product since this whole blood assay is thought
to more closely reflect in vivo coagulation. However, ROTEM® has not been routinely used in hemophilia care, mainly
due to the lack of assay standardization.
[0247] The effectiveness of a standardized ROTEM® procedure in support of the phase3 clinical trial of a long-lasting
clotting factor VIII Fc fusion protein (rFVIIIFc). An interim analysis was performed on the QC data gathered from 10
clinical sites. Each site performed a set of assays using frozen plasma controls with different levels of FVIII drug product.
Among the 4 ROTEM® parameters evaluated (CT, CFR, MCF and alpha angle), CT and MCF were most reproducible,
with relatively small variation among all sites, ranging from 10% to 18% CV across the concentration levels. A mixed
effect model was fitted for the ROTEM® global QC data (the response variable) with ’centers’ and ’plasma FVIII levels’
as covariates. The center had no statistically significant effect on clotting time. As expected, an increase in FVIII con-
centration level was shown to significantly reduce the clotting times (p < 0.05). To further examine the standardization
approach in controlling inter-site variability of ROTEM® data, two parameters, operator and instrument, were also eval-
uated. Comparison of the results obtained at the 10 clinical sites to a replicate analysis at a single site (8 runs at each
FVIII level performed at the central site by a single operator on 4 model Delta instruments) indicated equivalent variability
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with an overall ANOVA p-value of 0.69 for CT (accounting for the correlation between ROTEM® data and FVIII level)
and a similar comparability for CFR, MCF and alpha angle.
[0248] We conclude that the inter-site variability is not a significant factor in the ROTEM® study. Assuming the pre-
analytical variables for the blood collection are also minimized in the standardized procedures, we expect that major
differences in a subject’s ROTEM® parameters will be a meaningful indicator or their hemostatic potential rather than
assay variability between individual test sites.

Example 5:

Comparative Field Study Evaluating the Activity of Recombinant

Factor VIII - Fc Fusion Protein (rFVIIIFc) in Plasma Samples at Clinical Haemostasis Laboratories

[0249] Congenital hemophilic plasma with no detectable FVIII activity was spiked with either ADVATE® or rFVIIIFc at
nominal concentrations of 0.05 IU/mL, 0.2 IU/mL, or 0.8 IU/mL. Concentrations were based on the label potency for
ADVATE® and rFVIIIFc drug product. Thirty participating clinical hemostasis laboratories in 7 countries received 3 sets
of blinded samples to be tested on 3 separate days using their routine assays for measuring FVIII activity. Eleven labs
also performed the chromogenic substrate assay for FVIII on an additional set of samples. Results were analyzed for
intra-laboratory and inter-laboratory variation and any statistically significant correlations with particular assay reagents,
standards, instrumentation, or methodology. Figure 13 shows the array of one-stage assay reagents and critical steps
in methodology employed by the 30 participating laboratories.
[0250] At 0.8 IU/mL, the mean recovery by the one-stage clotting assay in 30 clinical labs (90 test results per dose
level) was 95% to 100% of expected for both ADVATE® and rFVIIIFc (Figure 14). At 0.2 IU/mL, the average one-stage
assay result was approximately 10% higher than expected for both products. This relative overestimation of FVIII activity
increased to 20% at the 0.05-IU/mL level.
[0251] Intra-laboratory CVs for the one-stage assay (n=3 independent tests per level) were typically below 10% (FIG.
14). The overall assay performance was comparable for Advate® and rFVIIIFc. Inter-laboratory CV (comparing mean
results from each lab) ranged from 10% to 16% at 0.8 IU/mL to over 30% at 0.05 IU/mL (FIG. 14), with some labs
reporting over 2-fold higher or lower results compared with the consensus (FIG. 14).
[0252] Approximately normal distribution of results was seen for both products at each level. Normality tests (D’Agostino
& Pearson, α=0.05) passed for ADVATE® at 0.8 and 0.2 IU/mL and for rFVIIIFc at 0.05 IU/mL. Laboratories that trended
high (or low) for ADVATE® also reported correspondingly higher (or lower) than expected results for rFVIIIFc. This
correlation was particularly significant at the 0.05-IU/mL level (P<0.05). Relative error in the estimated FVIII activity was
not correlated with any obvious procedural or reagent differences (FIG. 13).
[0253] Eleven laboratories performed the FVIII chromogenic substrate assay. The average recovery by chromogenic
FVIII activity was 107% 6 5% of label potency for ADVATE® across the 3 concentrations. For rFVIIIFc, the recovery by
chromogenic activity was 124% 6 8% (Figure 15).
[0254] The intra-laboratory CVs were generally lower for the chromogenic assay than for the one-stage assay, but
the interlaboratory CVs were comparable between the 2 assays. Better dose linearity was observed for the chromogenic
assay than for the one-stage clotting assay with no obvious overestimation at low FVIII levels by the chromogenic assay.
The ratio of chromogenic to one-stage activity was somewhat higher for rFVIIIFc (range, 1.04-1.26) compared with
ADVATE® (range, 0.86-1.12), which is likely due to the β-domain deleted nature of rFVIIIFc (Figure 16).
[0255] Precision and accuracy were comparable for rFVIIIFc and ADVATE® using either the one-stage clotting assay
or the chromogenic substrate assay in 30 and 11 clinical haemostasis labs, respectively. At low levels of ADVATE® or
rFVIIIFc, most laboratories overestimated the activity in the one-stage clotting assay against the plasma reference
standard. The ratio of chromogenic to one-stage activity was dependent on the factor level due to overestimation of the
one-stage activity at low FVIII levels. The field study results show that rFVIIIFc can be monitored consistently among
clinical hemostasis laboratories.
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Sequence Tables

Sequence Table 1: Polynucleotide Sequences: FIX-Fc

A. B-Domain Deleted FVIIIFc

(i) B-Domain Deleted FVIIIFc Chain DNA Sequence (FVIII signal peptide underlined, Fc region in bold) (SEQ ID NO:1, 
which encodes SEQ ID NO:2)

[0256]
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(ii) Fc DNA sequence (mouse Igκ signal peptide underlined) (SEQ ID NO:3, which encodes SEQ ID NO:4)

[0257]
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B. Full Length FVIIIFc

(i) Full Length FVIIIFc DNA Sequence (FVIII signal peptide underlined, Fc region in bold) (SEQ ID NO:5, which encodes 
SEQ ID NO:6)

[0258]
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C.

(i) Heavy Chain (HC)-Fc DNA sequence (no linker between HC and Fc) (signal peptide underlined, Fc region in bold) 
(SEQ ID NO:7, which encodes SEQ ID NO:8)

[0259]
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C.

(ii) Heavy Chain (HC)-Fc DNA sequence (5 amino acid linker between HC and Fc) (signal peptide underlined, Fc region 
in bold, 5 amino acid linker is double-underlined) (SEQ ID NO:9, which encodes SEQ ID NO:10)

[0260]
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C.

(iii) Light Chain (LC)-Fc DNA sequence (signal peptide underlined, Fc region in bold) (SEQ ID NO:11, which encodes 
SEQ ID NO:12)

[0261]
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D. FIX-Fc Chain DNA Sequence (SEQ ID NO:13, which encodes SEQ ID NO:14)

[0262] pSYN-FIX-030 Nucleotide sequence (nt 1 to 7583):

FIX exon 1 (signal peptide, 1st amino acid propeptide): nt 690-777
FIX mini intron: nt 778-1076
FIX propeptide sequence : nt 1077-1126
Mature FIX sequence : nt 1127-2371
Fc : nt 2372-3052
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B. Fc DNA sequence (mouse Igκ signal peptide underlined) (SEQ ID NO:3, which encodes SEQ ID NO:4) This is the 
Fc cassette from pSYN-FIX-030. In addition, there is a separate Fc expression cassette that was transfected into the 
cell line in plasmid pSYN-Fc-015 that encodes the same amino acid sequence, but contains a few noncoding changes. 
The second copy of Fc encoding sequence enables a better monomer: dimer ratio.

[0263]

Sequence Table 2: Polypeptide Sequences

A. B-Domain Deleted FVIII-Fc Monomer Hybrid (BDD FVIIIFc monomer dimer): created by coexpressing BDD 
FVIIIFc and Fc chains.

[0264] Construct = HC-LC-Fc fusion. An Fc expression cassette is cotransfected with BDDFVIII-Fc to generate the
BDD FVIIIFc monomer-. For the BDD FVIIIFc chain, the Fc sequence is shown in bold; HC sequence is shown in double
underline; remaining B domain sequence is shown in italics. Signal peptides are underlined.

i) B domain deleted FVIII-Fc chain (19 amino acid signal sequence underlined) (SEQ ID NO:2)

[0265]
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ii) Fc chain (20 amino acid heterologous signal peptide from mouse Igκ chain underlined) (SEQ ID NO:4)

[0266]

B. Full length FVIIIFc monomer hybrid (Full length FVIIIFc monomer dimer): created by coexpressing FVIIIFc 
and Fc chains.

[0267] Construct = HC-B-LC-Fc fusion. An Fc expression cassette is cotransfected with full length FVIII-Fc to generate
the full length FVIIIFc monomer. For the FVIIIFc chain, the Fc sequence is shown in bold; HC sequence is shown in
double underline; B domain sequence is shown in italics. Signal peptides are underlined.

i) Full length FVIIIFc chain (FVIII signal peptide underlined (SEQ ID NO:6)

[0268]
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ii) Fc chain (20 amino acid heterologous signal peptide from mouse Igκ chain underlined) (SEQ ID NO:4)

[0269]



EP 2 737 311 B1

49

5

10

15

20

25

30

35

40

45

50

55

C. FVIII-Fc Heterodimer Hybrid

[0270] This is made by cotransfecting HC-Fc and LC-Fc constructs. Two HC-Fc constructs have been made. One has
no linker between HC and Fc (HC-Fc) while the other has a 5 amino acid linker between HC and Fc (HC+5-Fc). The
FVIII signal peptide was used for the HC-Fc constructs, while the mouse Igκ signal sequence was used for the LC-Fc
construct.

(i) HC-Fc (Fc sequence is shown in bold, signal peptide underlined) (SEQ ID NO:8)

[0271]

(ii) HC+5-Fc (Fc sequence is shown in bold, 5 amino acid linker sequence (from the B domain of FVIII) is shown in italics, 
signal peptide underlined.)(SEQ ID NO:10)

[0272]
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(iii) LC-Fc6His (Fc sequence is shown in bold, signal peptide underlined.) (SEQ ID NO: 12)

D. FIX-Fc chain (SEQ ID NO:14):

[0273] (28 amino acid signal sequence underlined, 18 amino acid propeptide double underlined, Fc portion in italics.)
The C-terminal lysine is not present in either subunit; this processing is often observed in recombinant proteins produced
in mammalian cell culture, as well as with plasma derived proteins.

FIXFC-SC SUBUNIT:

FIX Signal Peptide : -46 MQRVNMIMAE SPGLITICLL GYLLSAEC

FIX Propeptide : -18 TVFLDHENAN KILNRPKR

[0274]
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B. Fc chain (SEQ ID NO:4)

20 amino acid heterologous mouse Igκ light chain signal peptide (underlined):

-20 METDTLLLWV LLLWVPGSTG

[0275] Mature Fc sequence (corresponding to human IgG1 amino acids 221 to 447, EU numbering)

ASPAAPAPASPAAPAPSAPA (SEQ ID NO:15), AAPASPAPAAPSAPAPAAPS (SEQ ID NO: 16), APSSPSPSAPSSP-
SPASPSS (SEQ ID NO: 17), APSSPSPSAPSSPSPASPS (SEQ ID NO: 18), SSPSAPSPSSPASPSPSSPA (SEQ ID
NO: 19), AASPAAPSAPPAAASPAAPSAPPA (SEQ ID NO: 20) and ASAAAPAAASAAASAPSAAA (SEQ ID NO: 21)

SEQUENCE LISTING

[0276]
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<110> Biogen Idec Hemophilia Inc.
SOMMER, Jurg
JIANG, Haiyan
ZHANG, Xin
YANG, Buyue
PIERCE, Glenn

<120> Assays to Monitor Bleeding Disorders

<130> 2159.355PC05/EKS/C-K

<140> To Be Assigned
<141> Herewith

<150> US 61/511,207
<151> 2011-07-25

<150> US 61/522,560
<151> 2011-08-11

<150> US 61/568,986
<151> 2011-12-09

<150> US 61/596,902
<151> 2012-02-09

<150> US 61/668,911
<151> 2012-07-06

<160> 21

<170> PatentIn version 3.5

<210> 1
<211> 5052
<212> DNA
<213> Artificial Sequence

<220>
<223> B-Domain Deleted FVIIIFc Chain

<220>
<221> misc_feature
<222> (1)..(57)
<223> FVIII signal

<220>
<221> misc_feature
<222> (4372)..(5052)
<223> Fc region

<400> 1
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<210> 2
<211> 1684
<212> PRT
<213> Artificial Sequence

<220>
<223> B domain deleted FVIII-Fc chain

<220>
<221> MISC_FEATURE
<222> (1)..(19)
<223> Signal

<220>
<221> MISC_FEATURE
<222> (20)..(753)
<223> Heavy chain (HC)

<220>
<221> MISC_FEATURE
<222> (760)..(773)
<223> B domain

<220>
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<221> MISC_FEATURE
<222> (1457)..(1684)
<223> Fc region

<400> 2
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<210> 3
<211> 741
<212> DNA
<213> Artificial Sequence

<220>
<223> Fc region

<220>
<221> misc_signal
<222> (1)..(60)
<223> Mouse Ig kappa signal

<400> 3

<210> 4
<211> 247
<212> PRT
<213> Artificial Sequence

<220>
<223> Fc chain

<220>
<221> MISC_FEATURE
<222> (1)..(20)
<223> heterologous signal from Mouse Ig kappa chain

<400> 4
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<210> 5
<211> 7734
<212> DNA
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<213> Artificial Sequence

<220>
<223> Full length FVIIIFc

<220>
<221> misc_signal
<222> (1)..(57)
<223> FVIII signal

<220>
<221> misc_feature
<222> (7054)..(7734)
<223> Fc region

<400> 5
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<210> 6
<211> 2578
<212> PRT
<213> Artificial Sequence

<220>
<223> Full length FVIIIFc chain

<220>
<221> MISC_FEATURE
<222> (1)..(19)
<223> FVIII signal

<220>
<221> MISC_FEATURE
<222> (20)..(759)
<223> HC

<220>
<221> MISC_FEATURE
<222> (760)..(1667)
<223> B domain

<220>
<221> MISC_FEATURE
<222> (2352)..(2578)
<223> Fc region

<400> 6
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<210> 7
<211> 2958
<212> DNA
<213> Artificial Sequence

<220>
<223> Heavy Chain (HC)-Fc DNA sequence

<220>
<221> misc_feature
<222> (1)..(57)
<223> signal peptide

<400> 7
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<210> 8
<211> 986
<212> PRT
<213> Artificial Sequence

<220>
<223> Heavy Chain (HC)-Fc Peptide

<220>
<221> MISC_FEATURE
<222> (1)..(19)
<223> signal peptide

<220>
<221> MISC_FEATURE
<222> (760)..(986)
<223> Fc sequence

<400> 8
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<210> 9
<211> 2973
<212> DNA
<213> Artificial Sequence

<220>
<223> Heavy Chain (HC)-Fc DNA sequence

<220>
<221> misc_feature
<222> (1)..(57)
<223> signal peptide

<220>
<221> misc_feature
<222> (2278)..(2292)
<223> 5 amino acid linker

<400> 9
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<210> 10
<211> 991
<212> PRT
<213> Artificial Sequence

<220>
<223> Heavy Chain (HC)-Fc Peptide

<220>
<221> MISC_FEATURE
<222> (1)..(19)
<223> signal peptide

<220>
<221> MISC_FEATURE
<222> (760)..(764)
<223> 5 amino acid linker

<220>
<221> MISC_FEATURE
<222> (765)..(991)
<223> Fc sequence

<400> 10
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<210> 11
<211> 2793
<212> DNA
<213> Artificial Sequence

<220>
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<223> Light Chain (LC)-Fc DNA sequence

<220>
<221> misc_feature
<222> (1)..(60)
<223> signal peptide

<400> 11
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<210> 12
<211> 931
<212> PRT
<213> Artificial Sequence

<220>
<223> Light Chain (LC)-Fc Peptide

<220>
<221> MISC_FEATURE
<222> (1)..(20)
<223> signal peptide

<220>
<221> MISC_FEATURE
<222> (705)..(931)
<223> Fc sequence

<400> 12
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<210> 13
<211> 7583
<212> DNA
<213> Artificial Sequence

<220>
<223> FIX-Fc Chain DNA Sequence

<400> 13
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<210> 14
<211> 688
<212> PRT
<213> Artificial Sequence

<220>
<223> FIX-Fc Chain Peptide
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<220>
<221> MISC_FEATURE
<222> (1)..(28)
<223> FIX Signal Peptide

<220>
<221> MISC_FEATURE
<222> (29).. (46)
<223> FIX Propeptide

<220>
<221> MISC_FEATURE
<222> (416)..(688)
<223> Fc Region

<400> 14
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<210> 15
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> PAS Sequence

<400> 15

<210> 16
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> PAS Sequence

<400> 16

<210> 17
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> APSSPSPSAPSSPSPASPSS

<400> 17

<210> 18
<211> 19
<212> PRT
<213> Artificial Sequence
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<220>
<223> PAS Sequence

<400> 18

<210> 19
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> PAS Sequence

<400> 19

<210> 20
<211> 24
<212> PRT
<213> Artificial Sequence

<220>
<223> PAS Sequence

<400> 20

<210> 21
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> PAS Sequence

<400> 21
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Claims

1. A method of quantifying an amount of activated factor IX (FIX) protein in a test sample, the method comprising:

measuring thrombin generation activity for the test sample

(i) in the presence of FIX-deficient plasma or FIX-deficient blood, and
(ii) in the presence of exogenous thrombin, wherein the exogenous thrombin is present at a concentration
of not more than about 90 nM; and

comparing the thrombin generation activity to a standard curve plotting known activated FIX protein levels to
thrombin generation activity;
wherein the measuring is performed in the absence of exogenous tissue factor (TF).

2. The method of claim 1, wherein the test sample comprises a total amount of protein capable of exhibiting FIX activity,
wherein a portion of the total amount of protein is present in an activated form.

3. The method of claim 1 or 2, wherein the activated factor IX (FIX) comprises a FIX chimeric polypeptide, wherein
the FIX chimeric polypeptide comprises a heterologous moiety.

4. The method of any one of claims 1-3, wherein the exogenous thrombin is present at a concentration of not more
than about 50 nM.

5. The method of any one of claims 1-3, wherein the exogenous thrombin is present at a concentration of not more
than about 40 nM.

6. The method of any one of claims 1-3, wherein the exogenous thrombin is present at a concentration of not more
than about 10 nM.

7. The method of any one of claims 1-3, wherein the exogenous thrombin is present at a concentration of about 5 nM.

8. The method of any one of claims 3-7, wherein the heterologous moiety comprises an immunoglobulin constant (Fc)
region or a portion thereof, albumin or a fragment thereof, a straight or branched polyethylene glycol (PEG) moiety,
a PAS sequence, and a hydroxyethyl starch (HES) moiety or a derivative thereof, or a combination thereof.

9. The method of claim 8, wherein the heterologous moiety comprises an Fc region.

10. The method of any one of claims 1-9, wherein the measuring is performed in the presence of phospholipids (PL).

Patentansprüche

1. Verfahren zum Quantifizieren einer Menge an aktiviertem Faktor-IX(FIX)-Protein in einer Testprobe, wobei das
Verfahren Folgendes umfasst:

das Messen der Thrombinerzeugungsaktivität der Testprobe

(i) in Gegenwart von FIX-defizientem Plasma oder FIX-defizientem Blut und
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(ii) in Gegenwart von exogenem Thrombin, wobei das exogene Thrombin in einer Konzentration von nicht
mehr als etwa 90 nM vorliegt, und

den Vergleich der Thrombinerzeugungsaktivität mit einer Standardkurvenauftragung bekannter Konzentratio-
nen an aktiviertem FIX-Protein gegen die Thrombinerzeugungsaktivität,
wobei die Messung in Abwesenheit von exogenem Gewebefaktor (Tissue Factor, TF) erfolgt.

2. Verfahren nach Anspruch 1, wobei die Testprobe eine Gesamtmenge von zum Zeigen einer FIX-Aktivität fähigem
Protein umfasst, wobei ein Teil der Gesamtmenge an Protein in einer aktivierten Form vorliegt.

3. Verfahren nach Anspruch 1 oder 2, wobei der aktivierte Faktor IX (FIX) ein chimäres FIX-Polypeptid umfasst, wobei
das chimäre FIX-Polypeptid eine heterologe Gruppierung umfasst.

4. Verfahren nach einem der Ansprüche 1-3, wobei das exogene Thrombin in einer Konzentration von nicht mehr als
etwa 50 nM vorliegt.

5. Verfahren nach einem der Ansprüche 1-3, wobei das exogene Thrombin in einer Konzentration von nicht mehr als
etwa 40 nM vorliegt.

6. Verfahren nach einem der Ansprüche 1-3, wobei das exogene Thrombin in einer Konzentration von nicht mehr als
etwa 10 nM vorliegt.

7. Verfahren nach einem der Ansprüche 1-3, wobei das exogene Thrombin in einer Konzentration von etwa 5 nM
vorliegt.

8. Verfahren nach einem der Ansprüche 3-7, wobei die heterologe Gruppierung eine konstante Immunglobulinregion
(Fc) oder einen Teil davon, Albumin oder ein Fragment davon, eine geradkettige oder verzweigte Polyethylengly-
kol(PEG)-Gruppierung, eine PAS-Sequenz und eine Hydroxyethylstärke(HES)-Gruppierung oder ein Derivat davon,
oder eine Kombination davon umfasst.

9. Verfahren nach Anspruch 8, wobei die heterologe Gruppierung eine Fc-Region umfasst.

10. Verfahren nach einem der Ansprüche 1-9, wobei die Messung in Gegenwart von Phospholipiden (PL) erfolgt.

Revendications

1. Procédé de quantification d’une quantité de protéine de facteur IX (FIX) activée dans un échantillon d’essai, le
procédé comprenant :

la mesure de l’activité de génération de thrombine pour l’échantillon d’essai

(i) en présence de plasma déficient en FIX ou de sang déficient en FIX, et
(ii) en présence de thrombine exogène, dans lequel la thrombine exogène est présente à une concentration
de pas plus d’environ 90 nM ; et

la comparaison de l’activité de génération de thrombine à une courbe d’étalonnage représentant des taux
connus de protéine FIX activée en fonction de l’activité de génération de thrombine ;
dans lequel la mesure est effectuée en l’absence de facteur tissulaire (FT) exogène.

2. Procédé selon la revendication 1, dans lequel l’échantillon d’essai comprend une quantité totale de protéine capable
de présenter une activité FIX, dans lequel une partie de la quantité totale de protéine est présente sous une forme
activée.

3. Procédé selon la revendication 1 ou 2, dans lequel le facteur IX (FIX) activé comprend un polypeptide FIX chimérique,
dans lequel le polypeptide FIX chimérique comprend un fragment hétérologue.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la thrombine exogène est présente à une
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concentration de pas plus d’environ 50 nM.

5. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la thrombine exogène est présente à une
concentration de pas plus d’environ 40 nM.

6. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la thrombine exogène est présente à une
concentration de pas plus d’environ 10 nM.

7. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la thrombine exogène est présente à une
concentration d’environ 5 nM.

8. Procédé selon l’une quelconque des revendications 3 à 7, dans lequel le fragment hétérologue comprend une région
constante d’immunoglobuline (Fc) ou une partie de celle-ci, l’albumine ou un fragment de celle-ci, un fragment de
polyéthylène glycol (PEG) linéaire ou ramifié, une séquence PAS, et un fragment hydroxyéthylamidon (HES) ou un
dérivé de celui-ci, ou une combinaison de ceux-ci.

9. Procédé selon la revendication 8, dans lequel le fragment hétérologue comprend une région Fc.

10. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel la mesure est effectuée en présence de
phospholipides (PL).
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