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BLOOD FACTOR MONITORING ASSAY AND USES THEREOF

BACKGROUND

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 in the coagulation cascade (FIG. 1). Hemophilia A and
Hemophilia B are two different types of hemophilia that are caused by deficiencies in Factor VIII
(FVIII) and Factor IX, respectively.

[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). which is
herein incorporated by reference in its entirety).

[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 spontaneous
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 can 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 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), which is herein incorporated by
reference in its entirety). There are plasma-derived and recombinant FVIII products available to

treat bleeding episodes on-demand or to prevent bleeding episodes from occurring by treating
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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 concentration in plasma (5 ug/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 (tFIX) 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.

[0008] Coagulation assays have gained acceptance as an important tool for management
of patients being treated for coagulation disorders. These treatments are also applicable to
patients on anticoagulation therapy for the prevention of clots in their blood vessels. In these
assays, a sample of the patient’s blood or plasma is tested for coagulation time or “clotting time”
which time is related to the amount of coagulation factors in the patient’s blood (oi to the
patient’s dosage of anticoagulant in the case of patients undergoing antocoagulation therapy).
Coagulation assays are also required prior to surgical procedures even for patients not suffering
from bleeding disorders or on anticoagulation therapy. This is because the medical professionals

need to clearly know the bleeding susceptibility before they are operated on.
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[0009] A variety of coagulation test are presently in use and among the most popular is
the “Activated Partial Thromboplastin Time” (aPTT) test (see FIG. 2). Blood coagulation tests
have tended to be complex, and the bulk of them are performed generally in centralized clinical
laboratories. Clinical or a doctor’s office visits or a regular basis to monitor coagulation factor
levels can be very inconvenient and expensive. Most of apparatus and methods known for
measuring coagulation time in blood samples cannot be used for home testing (see, e.g., U.S.
Patent Nos. 3,695,842; 3,836,333; 4,197,734; 3,486,859; 4,797,369; 3,890.098;
4,725,554;5,284,624: 3.951,606; 4,659,550: and 5,302,348). The disadvantages of these methods,
beside cost and the challenge of operation, include the fact that most do not measure coagulation
directly. The large blood volume requirements of some of these methods made them impractical
tor home use. Many of these methods are also limited by what kinds of coagulation tests they can

perform due to the reagent chemistry requirements and the detectable signal generated.

BRIEF SUMMARY

[0010] The present disclosure provides a composition for the measurement of coagulation
factor activity in a sample comprising an activated coagulation factor and a phospholipid
mixture, wherein the composition is dried onto a solid substrate. The present disclose also
provides a composition for the measurement of coagulation time in a sample comprising an
activated coagulation factor and a phospholipid mixture, wherein the composition is dried onto a
solid substrate. In some aspects, the solid substrate is selected from the group consisting of paper,
plastic, glass, ceramic material, metal, and combinations thereof. In other aspects, the solid
substrate is a surface on a test strip, test stick, reaction chamber, cartridge. chip, well plate, or
array used in an apparatus to measure coagulation factor activity or coagulation time.

[0011] In some aspects, the coagulation factor is selected from the group consisting of
FVII, FVIII, and FIX. In other aspects, the coagulation factor is a Factor VIII protein or a
fragment, variant, or derivative thereof. In some aspects, the coagulation factor is a Factor IX
protein or a fragment, variant, or derivative thereof. In other aspects, the activated coagulation
factor is a Factor IXa protein or a fragment, variant, or derivative thereof. In some aspects, Factor
[Xa is present in the composition prior to drying within a range of 0.01 to 0.05 U/mL. In other
aspects, the activated coagulation factor is a Factor Xla protein or a fragment, variant, or
derivative thereof. In some aspects, Factor Xla is present in the composition prior to drying

within a range of 0.01 to 0.05 U/mL.
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[0012] In some aspects, the phospholipid mixture comprises 2 phospholipids. In other
aspects. the phospholipid mixture comprises 3 phospholipids. In some aspects, the phospholipids
are selected from the group consisting of phosphatidylcholine, phosphatidylserine,
phosphatidylglycerol, and combinations thereof. In other aspects, the phospholipids are natural
phospholipids, synthetic phospholipids, or combinations thereof. In some aspects, the
phospholipid mixture comprises 70 mole-% of phosphatidylcholine and 30 mole-% of
phosphatidylserine. In other aspects, the phospholipid mixture comprises 80 mole-% of
phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-% of phosphatidylglycerol.
In some aspects, the phospholipid mixture comprises 75 mole-% of phosphatidylcholine, 20
mole-% of phosphatidylserine, and 5 mole-% of phosphatidylglycerol. In other aspects, the
phospholipid mixture further comprises cholesterol. In some aspects. the cholesterol content in
the phospholipid mixture is from about 1 to about 20 mole-% of cholesterol.

[0013] In some aspects, the phospholipid mixture is in vesicle form. In other aspects, the
vesicles are small unilamellar vesicles. In some aspects, the composition further comprises
divalent cations. In other aspects, the divalent cations are calcium ions. In some aspects, the
sample is selected from the group consisting of whole blood, citrated or equivalently stabilized
blood, plasma, or other fluid sample containing or suspected of containing a coagulation factor.
In other cases, the sample is decalcified.

[0014] In some aspects, the measurement is carried in a point of care test system. In some
aspects, the measurement is carried out in a mechanical or optical analytical system.

[0015] The present discloseure provides a composition for the measurement of the Factor
VIII activity of a Factor VIII protein or a fragment, variant, or derivative thereof in a sample
comprising 80% of 0.1 mg/mL Factor IXa and 20% of a phospholipid mixture comprising 75
mole-% of phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-% of
phosphatidylglycerol, wherein said composition is dried onto a solid substrate. Also provided is a
composition for the measurement of the Factor IX activity of a Factor IX protein or a fragment,
variant, or derivative thereof in a sample comprising 80% Factor X{a suspension and 20% of a
phospholipid mixture comprising 75 mole-% of phosphatidylcholine, 20 mole-% of
phosphatidylserine, and 5 mole-% of phosphatidylglycerol, wherein said composition is dried
onto a solid substrate. The exact amount of FXIa needed varies depending on the specific activity

of this reagent and is titrated for optimal amount and can include approximately 0.1 mg/mL.
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[0016] The present disclosure also provides a kit for performing a measurement of
coagulation factor activity or coagulation time in a sample comprising the composition of any
one of claims 1 to 30 in one or more vials. Also provides is a kit for performing a measurement
of coagulation factor activity or coagulation time in a sample comprising the composition of any
one of claims 1 to 30 in a non-dry form in one or more vials and instructions for drying said
composition onto a solid substrate. The instant disclosure also provides a sample holder for
performing a blood coagulation assay, comprising a surface coated with any of the activation
mixtures disclosed herein. In some aspects, the sample holder is selected from the group
consisting of a test strip, a test stick, a reaction chamber, a cartridge, a chip, a well plate, and an
array.

[0017] The present disclosure provides a method for determining clotting time in a
patient having a bleeding disorder, comprising (a) contacting a sample obtained from the patient
with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; and, (b) measuring the
time between the contacting of the activation mixture with the blood sample and the onset of
clotting, thereby caiculating the clotting time (Ct).

[0018] Also provided is a method of treating a patient having a bleeding disorder
comprising (a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate; (b) measuring the time between the contacting of the
activation mixture with the sample and the onset of clotting, thereby calculating the clotting time
(Ct), wherein Ct indicates whether the patient will benefit from administration of a treatment;
and, (c) administering the treatment to the patient if Ct indicates that the patient will
benefit from administration of the treatment. The present disclosure also provides a method of
treating a patient having a bleeding disorder comprising (a) contacting a sample obtained from
the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between tlie contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct), wherein Ct indicates whether the
patient will benefit from administration of a treatment; and. (c) instructing a healthcare provider
to administer the treatment to the patient if Ct indicates that the patient will benefit from

administration of the treatment.
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[0019] The present disclosuse provides a method of optimizing a bleeding disorder
treatment in a patient comprising (a) contacting a sample obtained from the patient with an
activation mixture comprising an activated coagulation factor and a phospholipid mixture,
wherein the activation mixture is dried onto a solid substrate; (b) measuring the time between the
contacting of the activation mixture with the sample and the onset of clotting, thereby calcularing
the clotting time (Ct), wherein Ct correlates with a therapeutically efficacious treatment; and, (c)
administering an optimized treatment to the patient, wherein the treatment is maintained or
adjusted. Also provides is a method of optimizing a bleeding disorder treatment in a patient
comprising (a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate; (b) measuring the time between the contacting of the
activation mixture with the sample and the onset of clotting, thereby calculating the clotting time
(Ct), wherein Ct correlates with a therapeutically efficacious treatment; and, (c) instructing a
healthcare provider to optimize the treatment administered, wherein the treatment is maintained
or adjusted.

[0020] The present disclosure also provides a method of diagnosing whether a patient is
in need of treatment for a bleeding disorder comprising (a) contacting a sample obtained from the
patient with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; (b) measuring the time
between the contacting of the activation mixture with the sample and the onset of clotting,
thereby calculating the clotting time (Ct), wherein Ct indicates whether the patient has a
bleeding disorder; and, (c) providing a treatment for the bleeding disorder if the patient is in need
thereof. Also provided is a method of diagnosing whether a patient is in need of treatment for a
bleeding disorder comprising (a) contacting a sample obtained from the patient with an activation
mixture comprising an activated coagulation factor and a phospholipid mixture, wherein the
activation mixture is dried onto a solid substrate; (b) measuring the time between the contacting
of the activation mixture with the sample and the onset of clotting, thereby calculating the
clotting time (Ct), wherein Ct indicates whether the patient has a bleeding disorder; and,

(c) instructing a healthcare provider to provide treatment for the bleeding disorder if the patient is
in need thereof.

{0021} The present disclosure also provides a method of monitoring the efficacy of a

bleeding disorder treatment administered to a patient comprising (a) contacting a sample obtained



WO 2014/018777 PCT/US2013/052101
-7

from the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct); and, (c¢) comparing the measured Ct
with the Ct obtained from 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 betweern the patient's results and
the corresponding standard. Also provided is a method of monitoring the efficacy of a bleeding
disorder treatment administered to a patient comprising (a) contacting a sample obtained from the
patient with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; (b) measuring the time
between the contacting of the activation mixture with the sample and the onset of clotting,
thereby calculating the clotting time (Ct); (c) comparing the measured Ct with the Ct obtained
from 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) instructing a healthcare provider
to maintain or adjusting the patient's treatment based on the relative difference between the
patient's results and the corresponding standard.

16022} The present disclosure also provides a method for determining a coagulation
factor level o a bleeding disorder patient, comprising (2} comtacting a sample obtained from
the patient with an actvafion wixture comprising an activated coagulation factor end a
phospholipid mixture, wherein the activation mixtwre is dried onto a solid substrate:

(b} measuring the me between the contacting of the activation mirture with the sample and the

onset of clotting, thereby caleulating the clotting time (Cty; and, (0 corrslaiing the Ut value with
the level of coagulation factor in the sample. In some aspects, the corvelation between €t and
coagulation factor level (SoFactor) is calenlated according to the formula:

Ct=Ax In(WFactory + B [Formula i]
wherein, for each coagulation {actor, A is a constant value corresponding 10 the slope of 2 (t
versus coagulation factor concentration dose-response, and B 1v patisut-apecific off-set value,
[G023] The present disclosure also provides a method for deterniining a pharmacokinetic

(PK) parameter in a bleading disorder paticud. comwprising {a} contacting a sample obtained from
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the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct); and, (¢) correlating a PK with the
calculated Ct value, thereby determining the value of the PK parameter.

[0024] The present disclosure provides a method of treating a patient having a bleeding
disorder comprising (a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate; (b) measuring the time between the contacting ot the
activation mixture with the sample and the onset of clotting, thereby calculating the clotting time
(Ct); (¢) determining a PK parameter based on Ct. wherein the PK parameter indicates that the
patient will benetit from administration of the treatment; and, (d) administering the treatment to
the patient if the PK parameter indicates that the patient will benefit from administration of the
treatment. Also provides is a method of treating a patient having a bleeding disorder comprising
(a) contacting a sample obtained from the patient with an activation mixture comprising an
activated coagulation factor and a phospholipid mixture. wherein the activation mixture is dried
onto a solid substrate; (b) measuring the time between the contacting of the activation mixture
with the sample and the onset of clotting, thereby calculating the clotting time (Ct), (¢)
determining a PK parameter based on Ct, wherein the PK parameter indicates that the patient will
benefit from administration of the treatment; and, (d) instructing a healthcare provider to
administer the treatiment to the patient if the PK parameter indicates that the patient will benefit
from administration of the treatment. Also provided is method of optimizing a bleeding disorder
treatment in a patient comprising (a) contacting a sample obtained from the patient with an
activation mixture comprising an activated coagulation factor and a phospholipid mixture,
wherein the activation mixture is dried onto a solid substrate; (b) measuring the time between the
contacting of the activation mixture with the sample and the onset of clotting, thereby calculating
the clotting time (Ct); (¢) determining a PK parameter based on Ct, wherein the PK parameter
correlates with a therapeutically efficacious treatment; and, (d) administering an optimized
treatment to the patient, wherein the treatment is maintained or adjusted. The present disclosure
also provides a method of optimizing a bleeding disorder treatment in a patient comprising (a)
contacting a sample obtained from the patient with an activation mixture comprising an activated

coagulation factor and a phospholipid mixture, wherein the activation mixture is dried onto a
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solid substrate; (b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct); (¢) determining a PK
parameter based on Ct, wherein the PK parameter correlates with a therapeutically efficacious
treatment; and. (d) instructing a healthcare provider to administer an optimized treatment to the
patient, wherein the therapy is maintained or adjusted.

[0025] Also provided is a method of diagnosing whether a patient is in need of treatment
for a bleeding disorder comprising (a) contacting a sample obtained from the patient with an
activation mixture comprising an activated coagulation factor and a phospholipid mixture,
wherein the activation mixture is dried onto a solid substrate: (b) measuring the time between the
contacting of the activation mixture with the sample and the onset of clotting, thereby calculating
the clotting time (Ct); and, (¢) determining a PK parameter based on Ct, wherein the PK
parameter indicates whether the patient has a bleeding disorder; and, (d) providing treatment for
the bleeding disorder if the patient is in need thereof. Also provides is a method of diagnosing
whether a patient is in need of treatment for a bleeding disorder comprising (a) contacting a
sample obtained from the patient with an activation mixture comprising an activated coagulation
factor and a phospholipid mixture, wherein the activation mixture is dried onto a solid substrate;
(b) measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting. thereby calculating the clotting time (Ct): and, (¢) determining a PK parameter
based on Ct, wherein the PK parameter indicates whether the patient has a bleeding disorder;,
and, (d) instructing a healthcare provider to provide therapy to treat the bleeding disorder if the
patierit is in need thereof.

[0026] The present disclosure also provides a method of monitoring the efficacy of a
bleeding disorder treatment administered to a patient comprising (a) contacting a sample obtained
from the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture. wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct): and. (¢) determining a PK parameter
based on Ct; (d) comparing the PK parameter with the PK obtained from 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. (e) maintaining or adjusting the patient's treatinent based on the

relative difference between the patient's results and the corresponding standard. Also provided is
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a method of monitoring the efficacy of a bleeding disorder treatment administered to a patient
comprising (a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate; (b) measuring the time between the contacting of the
activation mixture with the sample and the onset of clotting, thereby calculating the clotting time
(Ct); (c¢) determining a PK parameter based on Ct; (d) comparing the PK parameter with the PK
obtained from 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 ot the patient's current treatment; and, (e) instructing a
healthcare provider to maintain or adjust the patient's treatment based on the relative difference
between the patient's results and the corresponding standard.
[0027] In some aspects, the PK is terminal half-life (HL). In other aspects, the PK is time
to through (T). In some aspects, HL is calculated according to the formula:
HL =-0.693 x (T>-T)) x A/ (Ct; - Cty) [Formula II]

wherein, for each coagulation factor, A is a constaut value corresponding to the slope of a Ct
versus coagulation factor concentration dose-response, T, and T, are times at which Ct is
measured, and Ct; and Ct> are Ct values measured at T and Ts, respectively.
[0028] In some aspects, T is calculated according to the formula:

T=-1.44 x HL / (A X (Ctimeasured — Clirouen)  [Formula III]
wherein for each coagulation factor A is a constant value corresponding to the slope of a Ct
versus coagulation factor concentration dose-response, and HL is the terminal half-life, Ctmeasured
is Ct measured at certain time point, and Ctyouen 1S patient-specific clot time at trough. In some
aspects, the patient is administered a new dose of coagulation factor every T interval.
[0029] In some aspects, the sample is selected from the group consisting of whole blood.
citrated or equivalently stabilized blood, plasma, or other fluid sample containing or suspected of
containing a coagulation factor. In some aspects, the sample is whole blood. In other aspects, the
blood is venous blood. In some aspects, the blood is fingerstick blood. In some aspects, the
sample is plasma. In some aspects, the sample is frozen and thawed prior to contacting the
sample with the activation mixture. In other aspects, the sample is has not been frozen and
thawed prior to contacting the sample with the activation mixture. In some aspects, the sample is

decalcified. In some aspects, the decalcified sample is recalcified prior to contacting the sample



WO 2014/018777 PCT/US2013/052101
211 -

with the activation mixture. In other aspects, the decalcified sample is recalcified after contacting
the sample with the activation mixture.

[0030] In some aspects, the sample further comprises an added purified coagulation
factor. In other aspects, the sample further comprises an added inhibitor. In some aspects, the
purified coagulation factor is selected from the group consisting of Factors II, Factor VII, Factor
VIII, Factor IX, Factor X, Factor XI, Factor XII, Factor XIII, Fibrinogen, vWF, Tissue Factor,
and combinations thereof. In some aspects, the inhibitor is selected from the group consisting of
CTI, aprotinin, e-aminocaproic acid (EACA), D-Phenylalanyl-I-prolyl-l-arginine chloromethyl
ketone-Factor VIla (FPRCK-FVIIa), anti-coagulation factor monoclonal antibodies, and
combinations thereof. In some aspects, the sample is diluted with substrate sample. In specific
aspects, one part of sample is diluted with three parts of substrate sample.

[0031] In some aspects, the activated coagulation factor is a Factor IXa protein or a
fragment, variant, or derivative thereot. In some aspects, Factor IXa is present in the composition
prior to drying within a range of 0.01 to 0.05 U/mL. In other aspects, the activated coagulation
factor is a Factor Xla protein or a fragment, variant, or derivative thereof. In some aspects, Factor
Xla is present in the composition prior to drying within a range of 0.01 to 0.05 U/mL. In some
aspects, the phospholipid mixture comprises 2 phospholipids. In some aspects. the phospholipid
mixture comprises 3 phospholipids. In other aspects, the phospholipids in the phospholipid
mixture are selected from the group consisting of phosphatidylcholine, phosphatidylserine,
phosphatidylglycerol, and combinations thereot. In some aspects, the phospholipids are natural
phospholipids, synthetic phospholipids, or combinations thereof. In some aspects, the
phospholipid mixture comprises 70 mole-% of phosphatidylcholine and 30 mole-% of
phosphatidylserine. In other aspects, the phospholipid mixwre comprises 80 mole-% of
phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-% of phosphatidylglycerol.
In other aspects, the phospholipid mixture comprises 75 mole-% of phosphatidylcholine, 20
mole-% of phosphatidylserine, and 5 mole-% of phosphatidylglycerol. In some aspects, the
phospholipid mixture further comprises cholesterol. In some aspects, the cholesterol content in
the phospholipid mixture is from about 1 to about 20 mole-% of cholesterol. In some aspects, the
phospholipid mixture is in lipid vesicle form. In some aspects, the lipid vesicles are small
unilamellar vesicles. In some aspects, the activation mixture further comprises divalent cations.

In other aspects, the divalent cations are calcium ions.
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[0032] In some aspects, the activation mixture reacts with a coagulation factor selected
from the group consisting of Factor VII, Factor VIII, and Factor IX. In other aspects, the Factor
VIII coagulation factor is a Factor VIII protein or a fragment, variant, or derivative thereof. In
some aspects, the Factor [X coagulation factor is a Factor IX protein or a fragment, variant, or
derivarive thereof. In other aspects, the Factor VIII coagulation factor is a chimeric Factor VIII-
Fc fusion protein. In some aspects, the Factor IX coagulation factor is a chimeric Factor IX-Fc
fusion protein. In other aspects, the Fc portion of the chimeric Factor VIII or Factor IX protein
comprises 2 human Fo donain, In some aspects, the chimeric Factor VHI protein comprises a B-
domain deleted Factor VI In specific aspects, the chimeric Factor VHI protein comprises SEQ
i3 NO:6. In other aspects, the chimeric Factor VI protein comprises SEQ 13 NGO In some
aspects, the chimerie Factor X protein comprises SEQ Y NO: 13,

{8033} In some aspects, the solid substrate is selected from the group consisting of paper,
plastic, glass, ceramic material, metal, and combinations thereof. In other aspects, the solid
substrate is a surthce on a test strip, test stick, rcaction chamber. cartridge. chip, well plate, or
arvay used iu an apparatus to measure cosgulation factor activity or coagulation time. In some
aspects, the patient has not vet been treated with a coagulation factor. In some aspects, the patient
has received prior coagulation factor treatment, but the treatment has been discontinued for a
time period sufficient to deplete the coagulation factor treatment from the patient's blood. In

some aspects, the measurement is carried in a point of care test system. In another aspect, the

measurement is carried out in a mechanical or optical analytical system.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0034] FIG. 1 shows a schematic representation of the coagulation cascade.
[0035] FIG. 2 shows an overview of one stage assay (aPTT).
[0036] FIG. 3 shows clotting time for hemophilia A donor plasma spiked with rFVIIIFc

measured using the Standard £MS Factor VIII assay. FIXa/phospholipid was used as activator
wixture. Samples consisted of 12 ul of re-calcified plasma applied directly (without
preincubation) to the test bed.

{374 FIG. 4 shows clotting time for heruophilta B dopor plasma sprked with tFIXEe
measured using the Standard FMS Tactor IX assay. FXNla/phospholipid was used a5 activator
mixture. Samples conststed of 12 pL of re-caleified plaswoa applied  directly  {without

preincubation) to the tost bed.
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[0038] FIG. 5A shows clotting time determined using the Standard FMS Factor VIII
assay using Phospholipid Blend 2 in the activated coagulation factor-phospholipid complex.
Samples BD1-003, BD1-002, BD1-001 and BDI1-005 were collected from 4 hemophilia A
subjects and each sample was spiked with 6 levels of rFVIIIFc (100%, 50%, 25%, 12.5%, 6.3%
and 3.1%).

[0039] FIG. 5B shows clotting time determined using the Standard FMS Factor VIII
assay using Phospholipid Blend 8 in the activated coagulation factor-phospholipid complex.
Samples BD1-003, BD1-002, BD1-001 and BD1-005 were collected from 4 hemophilia A
subjects and each sample was spiked with 6 levels of rFVIIIFc (100%, 50%., 25%, 12.5%, 6.3%
and 3.1%).

[0040] FIG. 6A shows a comparison of clotting time determined using the Standard FMS
Factor VIII assay (Standard Method) and Alternate FMS Factor VIII assay (Alternate Method 3).
Samples contained 12 uL of re-calcified plasma mixed 1:3 with substrate plasma (Factor VIII
deficient plasma supplemented with defined levels of rFVIIIFc). Factor IXa/phospholipids
complex was used as activator.

[0041] FIG. 6B shows clotting time measured using the Alternate FMS Factor IX assay
(Alternate Method 9.8). Samples contained 12 pL of re-calcified plasma mixed 1:3 with substrate
plasma (Factor IX deficient plasma supplemented with defined levels of rFIXFc). Factor Xla/
phospholipids complex was used as activator.

[0042] FIG. 7A shows the effect of a single plasma freeze-thaw cycle on Alternate FMS
Factor IX assay performance. Samples contained 12 pL of re-calcified plasma mixed 1:3 with
substrate plasma (Factor IX deficient plasma supplemented with defined levels of rFIXFc).
[0043] FIG. 7B shows clotting times corresponding to fresh plasma samples, and plasma
subjected to a single plasma freeze-thaw cycle as measured using the Alternate FMS Factor VIII
assay. Samples contained 12 pL of re-calcified plasma mixed 1:3 with substrate plasma (Factor
VIII deficient plasma supplemented with defined levels of rFVIIIFc).

[0044] FIG. 8A shows the correlation between spiked rFVIIIFc levels measured using the
Alternate FMS Factor VIII assay and rFVIIIFc levels measured by MLA. Citrated plasma
samples from 14 hemophilia A donor were collected at 3 sites by 3 different methodologies, and
spiked with varying levels of rFVIIIFc prior to being assayed using the Alternate FMS Factor
VIII assay or MLA.
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[0045] FIG. 8B shows the correlation between spiked rFXFc levels measured using the
Alternate FMS FIX assays and rFIXFc levels measured by MLA. Citrated plasma samples from
9 hemophilia B donor were collected at 3 sites using 3 different methodologies, and spiked with
varying levels of riIXFc¢ prior to being assayed using Alternate FMS FIX assay or MLA.

[0046] FIG. 9A shows clotting time results obtained by applying the Standard FMS FVIII
assay to pre-dose whole blood samples obtained from two hemophilia A subjects (samples
designated BD1-003 and BD1-005, respectively) spiked with increasing concentration of
rFVIIIFc (0 TU/dI to 200 IU/dL).

[0047] FIG. 9B shows clotting time results obtained by applying the Alternate FMS
FVIII assay to pre-dose whole blood samples obtained from two hemophilia A subjects (samples
designated BD1-003 and BD1-005, respectively) spiked with increasing concentration of
rFVIIIFc (0 IU/dl to 200 1U/dL).

[0048] FIGS. 10A, 10B and 10C show clotting times obtained using MLA assay.
Samples were frozen plasma retains prepared from the samples spiked with various concentration
of tFVIIFe. FIG. 10A shows results corresponding to Factor VIII calibration plasma and
ri'VIIIFc samples. FIG. 10B shows results corresponding to pre-dose samples obtained from two
hemophilia A subjects (samples designated BD1-003 and BD1-005, respectively) spiked with
increasing concentration of rFVIIIFc. FIG. 10C shows results corresponding to posi-dose
samples obtained from two hemophilia A subjects (samples designated BD1-003 and BD1-005,
respectively) spiked with increasing concentration of rFVIIIFc.

RIS FiGS. 11A and 11B show, respectively, Standard FMS Factor VIII assay
measurements conducted on frozen plasma retains of pre-dose (FIG. 11A) and post-dose (FIG.
11B) samples obtained from two hemophilia A subjects (samples designated BD1-003 and BD1-
0035, respectively) spiked with increasing concentration of rFVIIIFc.

[0050] FIGS. 12A and 12B show, respectively, Alternate FMS Factor VIII assay
measurements conducted on frozen plasma retains of pre-dose (FIG. 11A) and post-dose (FIG.
11B) samples obtained from two hemophilia A subjects (samples designated BD1-003 and BD1-
0035, respectively) spiked with increasing concentration of tFVIIIFc.

[0051] FIG. 13 shows the correlation between whole blood clotting and plasma clotting
time measurements performed using the Alternate FMS FVIII assay.

[0052] FIG. 14A compares Alternate FMS Factor ViII assay clotting times for plasma
and whole blood samples obtained from two patients (BD1-002 and BD1-004). FIG. 14B shows
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the correlation between whole blood clotting time and plasma clotting time measurements
performed using the Alternate FMS FVIH ascay. Pre-dose blood samples were spiked with
increasing concentrations of tFVHIFe (0 (L/dL - 200 fU/dL).

183 FIG. 15A compares Alternate FMS Factor 1X assay elotting times for plasma and
whole blood samples. FIG. 13B shows the correlation between whole blood clotting tme and
plasma clotting time using the Alternate FMS FIX assay. Pre-dose blood samples were spiked
with increasing concentration of rFIXFc (0 IU/dL — 200 IU/dL).

[0054] FIG. 16 shows the variability between meters assaying a single FVIII deficient
plasma sample spiked to 100% (triangles) and 3% (circles) rFVIIIFc in duplicate on 16 research
meters using the Alternate FMS FVIII assay.

[0055] FIG. 17 provides a diagram showing the correlation between coagulation factor
concentration (%Factor) and clotting time (Ct) from FMS assays, and the application of such
correlation to a point-of-care device.

[0056] FIG. 18 provides a diagram showing the calculation of terminal half-life from data
obtained from FMS assays and its integration with pharmacokinetics data to calculate time to

trough and determine patient-specific doses and interval between doses.

DETALLED DESCRIPTION

[0057] The present disclosure provides methods and compositions for diagnosing and
treating subject having a bleeding disorder. The disclosed methods comprise contacting a sample,
e.g., a blood sample or a plasma sample obtained from the patient, with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate. In some aspects, the time between the contacting of the
activation mixture with the blood sample and the onset of clotting, i.e., the clotting time (Ct), is
used to calculate pharmacokinetic parameters which in turn can be used to commence, modify, or
cease treatment with coagulation factors. 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, each of which is herein incorporated by reference in its entirety.

I. Definitions
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[0058] It must be noted that, as used in this specification and the appended claims, the
singular forms “a”, “an” and “the™ include plural referents unless the context clearly dictates
otherwise. The terms "a" (or "an"), as well as the terms "one or more," and "at least one" can be
used interchangeably herein.

{3059] Furthermore, “and/or” where used herein is to be taken as specific disclosure of
each of the two specified features or components with or without the other. Thus, the term
"and/or" as used in a phrase such as "A and/or B" herein is intended to include "A and B," "A or
B." "A" (alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as "A, B,
and/or C" is intended to encompass each of the following aspects: A, B, and C; A, B, or C; A or
C;AorB;BorC; AandC; A and B; B and C; A (alone); B (alone); and C (alone).

[0060] It is understood that wherever aspects are described herein with the language
"comprising,” otherwise analogous aspects described in terms of "consisting of" and/or
"consisting essentially of" are also provided.

[0061] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular
Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary Of Biochemistry And
Molecular Biology. Revised, 2000, Oxford University Press, provide one of skill with a general
dictionary of many of the terms used in this disclosure.

100662} Units, prefixes, and symbols are denoted in their Systéme Interoational de Unites
{51y accepted form. Mumeric ranges are inclusive of the mambers defining the range. Unless
otherwise todicated, amino acid sequences are written [efi o right 1o amino o carboxy
orientation. The headings provided herein are not limitations of the various aspects of the
disclosure, which can be had bty reference to the specification as a whole, Accordingly, the terms
defined immediately below are more fully defined by veference to the specification in ifs entirety,
[0063] "Administering,” as used herein, refers to giving a pharmaceutically acceptable
amount of a therapeutic agent such as a coagulation tactor, e.g., Factor VIII or Factor IX
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 aspects, the administration is subcutaneous. Coagulation
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factors, e.g., Factor VII{ and Factor IX, including fragments, variants, derivatives, chimeric
polypeptides, or hybrid polypeptide can be administered as part of a pharmaceutical composition
comprising at least one excipient. The term administering also refers to giving any other
therapeutic agent or prophylactic agent (e.g., a small molecule) that can be given in a
pharmaceutically acceptable amount to a subject having a coagulation-related disorder via a
pharmaceutically acceptable route.

[0064] The term "sequence" as used to refer to a protein sequence, a peptide sequence, a
polypeptide sequence, or an amino acid sequence means a linear representation of the amino acid
constituents in the polypeptide in an amino-terminal to carboxyl-terminal direction in which
residues that neighbor each other in the representation are contiguous in the primary structure of
the polypeptide.

[0065] By a “protein™ or "polypeptide” is meant any sequence of two or more amino
acids linearly linked by amide bonds (peptide bonds) regardless of length, post-translation
modification, or function. As used herein, the term “polypeptide” is intended to encompass a

o

singular “polypeptide™ as well as plural “polypeptides.” "Polypeptide," "peptide," and "protein”
are used interchangeably herein. Thus, peptides, dipeptides, tripeptides, or oligopeptides are
included within the definition of "polypeptide," and the term "polypeptide" can be used instead
of, or interchangeably with any of these terms. The term "polypeptide" is also intended to refer
to the products of post-expression modifications of the polypeptide. including without limitation
glycosylation,  acetylation,  phosphorylation, —amidation, derivatization by  known
protecting/blocking groups, proteolytic cleavage, or modification by non-naturally occurring
amino acids. A polypeptide can be derived from a natural biological source or produced by
recombinant technology, but is not necessarily translated from a designated nucleic acid
sequence. A polypeptide can be generated in any manner, including by chemical synthesis. Also
included as polypeptides of the present disclosure are fragments, derivatives, analogs, or variants
of the foregoing polypeptides, and any combination thereof.

[0066] The term "fragment" when referring to polypeptides and proteins, e.g,
coagulation factors such as Factor VIII or Factor IX, include any polypeptides or proteins which
retain at least some of the properties of the reference polypeptide or protein. E.g., in the case of

procoagulant polypeptides such as coagulation factors and procoagulant peptides, the term

fragment would refer to any polypeptides or proteins which retain at least some of the
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procoagulant activity of the reference polypeptide or protein. Fragments of polypeptides include
proteolytic fragments, as well as deletion fragments.

[0067] The term "variant”" as used herein refers to a polypeptide sequence that differs
from that of a parent polypeptide sequence by virtue of at least one amino acid modification.
Variants can occur naturally or be non-naturally occurring. Non-naturally occurring variants can
be produced using art-known mutagenesis techniques. Variant polypeptides can comprise
conservative or non-conservative amino acid substitutions, deletions, or additions.

[0068] "Derivatives" of polypeptides or proteins of the present disclosure are
polypeptides or proteins which have been altered so as to exhibit additional features not found on
the native polypeptide or protein. Also included as "derivatives" are those peptides that contain
one or more naturally occurring amino acid derivatives ot the twenty standard amino acids. A
polypeptide or amino acid sequence "derived from" a designated polypeptide or protein refers to
the origin of the polypeptide. Preferably, the polypeptide or amino acid sequence which is
derived from a particular sequence has an amino acid sequence that is essentially identical to that
sequence or a portion thereof, wherein the portion consists of at least 10-20 amino acids,
preferably at least 20-30 amino acids. more preferably at least 30-50 amino acids, or which is
otherwise identifiable to one of ordinary skill in the art as having its origin in the sequence.
[0069] Polypeptides derived from another peptide can have one or more mutations
relative to the starting polypeptide, e.g., one or more amino acid residues which have been
substituted with another amino acid residue or which has one or more amino acid residue
insertions or deletions. Preferably, the polypeptide comprises an amino acid sequence which is
not naturally occurring. Such variants necessarily have less than 100% sequence identity or simi-
larity with the starting polypeptide. In one aspect, the variant will have an amino acid sequence
from about 75% to less than 100% amino acid sequence identity or similarity with the amino acid
sequence of the starting polypeptide, more preferably from about 80% to less than 100%, more
preferably from about 85% to less than 100%, more preferably from about 90% to less than
100% (e.g.. 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%) and most preferably from about
95% to less than 100%, e.g., over the length of the variant molecule. In one aspect, there is one
amino acid difference between a starting polypeptide sequence and the sequence derived
therefrom. Identity or similarity with respect to this sequence is defined herein as the percentage

of amino acid residues in the candidate sequence that are identical (i.e. same residue) with the
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starting amino acid residues, afier aligning the sequences and troducing gaps, if necessary, 1o
achigve the maxinmum percent sequence identiny.

{3071 A polypeptide which is "isolated” is a polypeptide which is iu a form not found in
nature. Isolased polvpeptides include those which have been purified to a degree that they are no
longer in a form in which they are found in vatwre. In some aspects. a polypepnide which is
isolated 18 substartially pure.

[0071] A "recombinant" polypeptide or protein refers to a polypeptide or protein
produced via recombinant DNA technology. 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, can
be recombinantly produced using methods known in the art. Alternatively, proteins and peptides
disclosed herein can be chemically synthesized.

[0072] 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, Gnl,
Ser, Thr, Tyr. Cys), nonpolar side chains (e.g., Ala. Val, Leu, lle, 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 aspect, 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.

[0073] 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).

[0074] 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
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comparison window, taking into account additions or deletions (i.e., 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.

[0075] 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.ncbi.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 and also
available from the European Bioinformatics Institute (EBI) at www.ebi.ac.uk/Tools/psa.

[0076] 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.

[0077} In certain aspects, 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 progiam) and Z is the total
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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.

[0078] 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/. Clustal W2 and MUSCLE are alternatively
available, e.g., from the EB!.

[0079] 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.

[0080] "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 polypeptides of Sequence
Table 2 (see Sequence Table 1). Polynucleotides also include fragments of the polynucleotides
of Table 1, e.g., those that encode fragments of the polypeptides of Table 2, such as Factor VIII,
Factor IX, Fc, signal sequence, propeptide, 6His and other fragments of the polypeptides of
Sequence Table 2.

[0081] The terms "subject" and "patient” are used interchangeably and refer to a human
or a non-human mammal, for whom diagnosis, prognosis, or therapy of a bleeding disorder is
desired. 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. In some aspects of the present disclosure, a subject is a naive subject. A naive
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subject is a subject that has not been administered a treatment for a bleeding disorder. In some
aspects, a naive subject has not been treated with prior to being diagnosed with having a bleeding
disorder.

[B082] The methods disclosed herzin can be practiced on a subject in need of control or
prevention of bleeding, bleeding episodes, or hemophilia disorders. Such subjects inchude those
in need of control or prevention of blesding in minor hemorthage, 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. intraperitoneal 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.

[0083] The term “bleeding disease or disorder,” as used herein, means a genetically
inherited or acquired condition characterized by a tendency to hemorrhage, either spontaneously
or as a result of trauma. due to an impaired ability or inability to form a fibrin clot. Examples of
such disorders include hemophilias. The three main forms are hemophilia A (factor VIII
deficiency), hemophilia B (factor IX deficiency or "Christmas disease") and hemophilia C (factor
XI deficiency. mild bleeding tendency). Other hemostatic disorders include, e.g., von Willebrand
disease, Factor XI deficiency (PTA deficiency), Factor XII deficiency, deficiencies or structural
abnormalities in fibrinogen, prothrombin, Factor V, Factor VII, Factor X or factor XIII, Bernard-
Soulier syndrome, which is a defect or deficiency in GPib. GPIb, the receptor for vWF, can be
defective and lead to lack of primary clot formation (primary hemostasis) and increased bleeding
tendency), and thrombasthenia of Glanzman and Naegeli (Glanzmarn thrombasthenia). In liver
failure (acute and chronic forms), there is insufficient production of coagulation factors by the
liver; this can increase bleeding risk.

[0084] Bleeding disease or disorder can require on-demand treatment or prophylactic
treatment. "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
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treatment inclade a bleeding episode. hewsarthrosis, muscle bleed. oral bleed, hemorrhage.
hemorrhage inte mauscles, oral hemorrhage, rawmes, traumae capitis, gastrointestingt bleeding,
intracranial hemorrhage, iptra-abdominal hemorrhage, intrathoracic hemorrhage, bone fracture,
central npervous syvstem bleeding, bleeding in the retropharvnges! space, blecding i the
retroperitoneal space, or bleeding in the tliopsoas sheath. Bleeding epteodes other than these are
also included. The subject can be in need of surgieal prophylaxis, peri-operative managenit, or
treatrent for surgery.  Such surgeries include minor surgery, major surgery, tooth extraction,
tonsilleciomy, other demtal/thoraco-{acial surgeries, inguinal berniotomy, svoovectomy. total
knee yeplacervent, other joint replacement, cramotormy, osteosynthesis, rawma  surgery,
intracranial surgery, intra-abdominal surgery, jutrathoracic surgery. Surgenies other than these
are afso wchded,

EHINKY Adiditional conditions that can require on-demand treatment include 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, 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.

[0086] The terms "prophylactic treatment” or "prophylaxis" as used herein, mean
administering a procoagulant compound, e.g., a clotting factor, fragment, variant, derivative,
chimeric peptide, or hybrid peptide thereof, to a subject over a course of time to increase the
level of activity in a subject's plasma. Preferably, the increased level is sufficient to decrease the
incidence of spontaneous bleeding or to prevent bleeding, e.g.. in the event of an unforeseen
injury. Preferably, during prophylactic treatment, the plasma protein level in the subject does not
fall below the baseline level for that subject, or below the level that characterizes severe

hemophilia.
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[0087] 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).

[0088] The term "pharmacokinetic parameters" or "PK parameters" as used herein refers
to those constant and variable terms that are related to the disposition of a pharmacologically
active agent, e.g., a coagulation factor, within a subject and includes for example volume of
distribution, total clearance, metabolic clearance, bioavailability, intrinsic clearance, mean
residence time, partitioning coefficients between tissues and blood, elimination rates, half-life,
terminal half-life, time to trough, as well as other parameters known in the art. PK parameters
can be based, e.g.. on protein level or activity level. In addition, certain PK parameters can be
based on model predicted data. on observed data, or on combinations of model and observed
data.

[0089] As used herein, the term “clotting factor," refers to molecules, fragment,
derivatives, or analogs thereof, naturally occurring or recombinantly produced. which prevent or
decrease the duration of a bleeding episode in a subject. In other words. it means molecules
having pro-clotting or pro-coagulant activity, i.e., are responsible for the conversion of fibrinogen
into a mesh of insoluble fibrin causing the blood to coagulate or clot. The term "clotting factor”
as used herein also encompasses synthetic peptides with procoagulant activity.

[0090] The term “clotting time” as used herein, refers to the time period elapsed from the
time when the sample is contacted with the activating mixture until the time when the sample
clots.

[0091] “Half-Life” as used herein, refers to a biological half-life of a particular
therapeutic agent in vivo. ‘Terminal half-life can be represented by the time required for half the
quantity administered to a subject to be cleared from the circulation and/or other tissues in the
subject. When a clearance curve of a given polypeptide is constructed as a function of time, the
curve is usually biphasic with a rapid o-phase and longer B-phase. The a-phase typically
represents an equilibration of the administered chimeric polypeptide between the intra- and extra-
vascular space and is, in part, determined by the size of the polypeptide. The B-phase typically

represents the catabolism of the polypeptide in the intravascular space.
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[0092] The term "terminal plasma half-life" or "terminal half-life" refers to the time
required to divide the plasma concentration by two after reaching pseudo-equilibrium. The
terminal half-life is especially relevant to multiple dosing regimens, because it controls the
degree of therapeutic agent accumulation, concentration fluctuations, and the time taken to reach
equilibrium.

[0093] "Trough," as used herein, is the lowest plasma activity level reached after
administering a dose of a pharmacologically active agent, e.g., a clotting factor such as Factor
VIII or Factor IX, a fragment, a derivative or an analog thereof, before the next dose is
administered, if any. Accordingly, “time to trough” (T) is the time at which the lowest plasma
activity level is reached after administering a pharmacologically active agent before the next dose
is administered.

[0094] The term “sample” as used herein includes any biological fluid or issue, such as
whole blood or serum, obtained from a subject which contains or is suspected to contain a blood
coagulation factor. [n some specific aspects, that sample is blood or a fraction thereof, muscle,
skin, or a combination thereof. Samples can be obtained by any means known in the art.

LHIRRY In order to apply the methods and systems of the disclosure, samples from a
patient can be obtained before or after the administration of a therapy to treat a bleeding disorder.
In some cases, successive samples can be obtained from the patient after therapy has commenced
or after therapy has ceased. Samples can, for example, 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 and/or PK
parameters derived from clotting times, comparisons between clotting times and/or PK
parameters derived from clotting times, evaluation of the clotting times and/or PK parameters
derived from clotting time, and treatment decisions can be performed by one or more healthcare
providers, healthcare benefits providers, and/or clinical laboratories.

[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
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other entity providing general and/or specialized treatment. assessment. mamdenance, therapy,
mwedication, and/or advice relating 1o all, or any portion ofl a patient’s state of health, including
but not limited to general medical, specialized medical, surgical, and/or any other type of
reatmeny, assessment, maintenance, therapy, medication and/or advice,

{B097} As used herein. the term “clinical laboratory” refers to a facility for the
examination or processing of matedals derived from a living subject, e.g., 2 human betng. Mon-
funiting examples of processing include binlogical, biochemical, serological, chemical.
immunohematological, hematological. biophysical, cytological, pathological, genetic, or other
examination 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.
[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
analyzing/measuring/quantifying a  sample, receive the results obtained after
analyzing/measuring/quantifying 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, 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
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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 analyzing/measuring/quantifying one or more samples, transfer of the comparison/score
from one or more samples, administration 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 administration 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/quantifying 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,
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[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).

i1, Maethods and Compositions for Coagalation Activity Testing

[0104] The standard methodology for determining coagulation factor levels in use today
is the one stage coagulation factor clotting assay (FIG. 2). A major drawback of this assay is that
one cannot use whole blood samples. A typical one stage coagulation factor clotting assay
requires. for example (i) venous blood drawn into sodium citrate anticoagulant, (ii)
centrifugation to obtain a plasma sample, (iii) laboratory bench top coagulation analyzers and
specifically trained laboratory personnel, (iv) liquid reagent preparation and standard curve
construction, (v) multiple step assay procedures, (vi) dilution of patient plasma, (vii) mix with
factor deficient plasma to mask inter-individual phenotypic variation, (viii) pre-incubation with
non-physiological contact phase activators to generate an activated factor, e.g., Factor Xla, (ix)
addition of Ca™ to initiate clotting, (X) optical (most common) or mechanical clot detection, (xi)
derivation of factor level from Log-Linear (most common) plot of coagulation factor
concentration versus clot time (reliable range for standard instrument systems using log-linear
fits is ~3% - 120% of normal; high end instruments have incorporated sophisticated software
packages that can return accurate values below 1%).

[0105] To address the drawbacks of conventional one stage coagulation factor clotting
assays, the present disclosure provides a modified coagulation assay which, in contrast with a
standard coagulation assay, can operate using a whole blood sample, for example, fingerstick
blood. Instead of pre-incubating the sample with a non-physiological contact phase activators,
e.g.. kaolin, typically used in laboratory-based assays, the assays disclosed herein use an
activation mixture comprising an activated coagulation factor-phospholipid complex. This
activation mixture is dried onto a solid substrate, e.g., a test strip.

[0106] Accordingly, the disclosed assays can be performed in point of care analyzers that
do not require specially trained laboratory personnel. This general assay format, in which a
patient sample (plasma or whole blood) can be applied directly to the solid substrate containing
dried assay chemistry, is referred to as the Standard Factor Monitoring System ("Standard FMS")

assay throughout the present disclosure.
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{03167} In specific aspects of the present disclosure, the Standard FMS assays can be
applied 1o determining coagwlation activity of Factor VI e g, measured as clotting time. For
the Standard FMS Factor VIT assay. the activated coagulation factor-phospholipid complex can
comprise, for exaraple. a roixture of pwified activated Factor IX (Factor 1Xa; abbreviated as
FiXa) and phospholipid vesicles, wherein the activation miNture is dried onto a sohd substrate. In
other specific aspects of the present disclosure, the Swandard PMS assay can be applied 1o

determining coagulation activity of Factor X, ¢.g., measured as clotting time. For the Standard
FMS Factor X assay, the activated coagelation fac'L<_>f_'~ph(}aphoﬁiipi':i complex can comprise, for
exaraple, a mixture of purified activated Factor XU (Factor Xla; abbreviated as FXla) and

phospholipid vesicles, wherein the activation mixture is dried onto a solid subsirate. in some

aspects, the assays disclosed hervein require no preincubation of the sarnples with the activators
mINture,
{B108] In order 1o address the observed phenotypic variability between samples from the

same donor or between donors, the Standard FMS assay can be modified. In some aspects ol the
present disclosure. less sensitive phospholipid blends in the activator minture can be used to
reduce phenotypic variability, In other aspects, adding a variety of purified coagulation factors o
the sample. e.g. Factor [, Factor VL Factor VIIE Factor IN, Factor X, Factor XL Factor XL
Factor X1, fibtinogen, vWFE, or Tissue Factor can also reduce phenotypic variability. In other
aspects, adding inhibitors to the sample. e.g, CTL aprotinin, e-aminocaproie acid (EACAY, D-
Phenylalanyi-l-proivi-l-argivive chloromethyvl ketone-Factor VHa (FPRCK-FVila), or anti-FVIII
movpociopal antibodies can also reduce phenotypic variability, Accordingly, the presemt
disclosure provides also a variant of the Standard FMS assay, referred fo as the "Alternate FMS

assav throughout the instant disclosure.  This Alternate FMS acsay is essentially a hybrid

g, an aPTT assay) which is less

e

between the Standard ¥MS assay and a one stage factor assay {2
susceptible to phenotypic variability. The Aliersate FMS assay also utilizes an activation
mixture comprising a coagulation factor (eg. FlXa or FXIa) and a phospholiptd vesicle
preparation dried on the solid substrate (e.g. a disposable test strip). In the plasma based
Alternate FMS assay, one part of sample {e.g., hemophilia plasma or tingerstick whole blood})
can be mixed with a volume of a corresponding sample that has beer depleted of the assay target
factor (referred to as “substrate sample” throughont the instant disclosure). In this manner, the
variability of pon-target sample componenis can be normalized by addition of the subsirate

sample. This combination of sample (2.g. hemophilia plasma or fingerstick whele blood) and
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substrate sample can be dong in ap all-liguid system, resulting in a dilution of the sample. thus
increasing the lower level of detection of the assay. In some aspects, the sample is diluted with
substrate sample at about a 1.2 ratio, at about 1:3 ratio, at about a 1:4 ratio. or at about a 15 watio.
Dilution ratios can be adjusted above or below the disclosed ratios using routine experimentation.
FO10% As disclosed above, both the Standard FMS assay and the Alternate FMS assays
gse an activation mixture coraprising an activated coagulation factor and a phospheliptd mixturs,
wherein the composition is dried onto a solid substrate. The activation mixture can contain all the
substanees necessary for the delermination of coagulation factor activity. e.g. via measurement
of clotting time. These necessary substances are usually an activated coagulation factor
functioning as coagulation activator component, phospholipids, and optionaly divalent cations.
{3118} The activation mixtures disclosed herein generally do not contain stabilizers,
however, in some agpects of the present disclosure, the activation mixture can contain one or
more stabilizers known in the art, such as amino acids {e.g.. D-alanine, [-alanine, beta-alatine,
etc.). Suitable concentrations of stabilizers are known in the art or can be routinely determined. In
some specific aspects, the activation mixture disclosed herein consists of or substantially consists
of an activated coagulation factor and a phospbolipid mixtuve, i, the activation wbiture it does
not contain, e.g. divalent cations, stabilizers such as albumin o amino acids, or additional
coagulation factor activators or inhibitors,

ISRy In some aspects. the solid substrate can be, e.g. paper, plastic, glass, ceramic
material. metal, and combinations thereof. The solid substrate can be, for exarple, the surface ov
a test strip, test stick, reaction chamber, cartridge, chip, well plate, or array nsed in an apparatus
to measure coagulation factor activity or coagulation time. In some aspects, the solid substrate
can be a membrane, which can be single favered or multilayered. In some aspects, the solid
substrate is the surface of a disposable test strip. In other aspects, the solid substrate is the wall in
a well in a plastic cartridge. In other aspects, the solid substrate is the wall of a well in a
multiwell plate (e, a 96-well place). In some aspects. the solid substrate is the wall of a
capillary. In other aspects, the solid subsirate is the wall of a vial. In other aspects, the solid
substrate is a surface in a mechanical mixing component of a measurement apparatus.

{0113} The solid substrate can be made of any suitable material which preferably has
good thermal conductivity, clarity for optical transmission, mechanical properties {or easy
construction, surface properties that allow for uniform drying and stability of the activation

mixture, and neutrality to the Hquid medium in the sample to prevent interference with the
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coagulation assay. For this purpose, plastic are especially well suited. Suitable plastics include,
for example, those with high free surface energies and low water sorption, including PETG,
polyester (MYLAR@)_), polycarbonate (LEXAN®), polyvinyl chloride, polystyrene, SAN,
acrylonitrile-butadiene-styrene (ABS) (e.g., CYCOLAC®), etc. In some aspects, plastics and
other materials used as solid substrates can be hydrophobic, which would make it difficult to
uniformly coat the surface with the activation mixtures disclosed here. Therefore, in some
aspects, the substrate can be coated with another reagent (e.g., chemicals such as poly(3-
hydroxybutyrate-co-3-hydroxy-hexanoate) (PHBHHXx), poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) (PHBV), or polylactic acid (PLA); or proteins such as collagen or fibronectin)
that would render the surface of the substrate hydrophilic and permit attachment of the activation
mixture to the surface. In other aspects, the substrate can be physically modified by plasma
etching or corona treating to render its surface hydrophilic.

[0113] The activation mixture can be provided, for example, (i) already dried onto a solid
substrate, (ii) in a liquid to be dried in situ, or (iii) in a dry form (e.g., lyophilized form) to be
reconstituted and dried onto the solid substrate. Dry components can be provided separately or in
a premixed form. The activation mixture can be dried onto the solid substrate by using methods
known in the art. For example, the drying of the activation mixture can be accomplished by air
drying (e.g., at room temperature), drying under an inert gas stream (e.g., nitrogen or argon),
vacuum drying, lyophilizing, dessicant drying, convective drying, etc. The term drying "onto" a
solid substrate also encompasses drying the activation mixture "into" a porous substrate. In this
respect, the dry activation mixture can be, for example, located into porous matrices such as
sponges, porous paper filters, fleece or felt material, or can be microencapsulated.

[0114] The activation mixture can be applied to the substrate using methods known in the
art, e.g., spray painting or lyophilization. In some aspects, the activation mixture can be
chemically conjugated to the substrate. Chemical conjugation methods to covalently attach lipids,
e.g., phospholipids and/or proteins, e.g., coagulation factors, are known in the art.

[0115} In some aspects, the activation mixture disclosed herein can be used to measure
clotting time in samples containing or suspected to contain a coagulation factor, for example,
Factor VIII or Factor IX. In some aspects, the coagulation tfactor is a Factor VIII protein or a
fragment, variant, or derivative thereof as disclosed below. In other aspects, the coagulation

factor is a Factor IX protein or a fragment, variant, or derivative thereof. In some specific
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aspects, the Factor VIII or Factor IX proteins are chimeric proteins (e.g., tFVIIIFc or rFiXFc) or
hybrid proteins.

[0116] In some aspects, the Factor VIII chimeric protein is a single chain (SC) rFVIIIFc.
SC rFVIIIFc are disclosed, for example, in U.S. Provisional Application No. 61/668,889, and
U.S. Patent No. 7,041,635, both of which are herein incorporated by reference in their entireties.
[0117] The activation mixture disclosed herein can contain an activated coagulation
factor, or alternatively a hematologically equivalent. such, as a fragment, variant, or derivative
thereof.

[0118] In some aspects, for example to apply the methods disclosed herein to measure the
coagulation activity of a Factor VIII protein (or a fragment, variant, derivative, chimeric protein
or hybrid protein thereof), the activated coagulation factor is a Factor IXa protein or a fragment,
variant, or derivative thereof. In some specific aspects, a Factor IXa protein (or a fragment,
variant, derivative, chimeric protein or hybrid protein thereof) is present in the activation mixture
composition prior to drying within a range of about 0.01 U/mL to about 0.05 U/mL. In some
aspects, the concentration of Factor IXa protein or a fragment, variant, or derivative thereof is
about 0.01 U/mL. about 0.02 U/mL, about 0.03 U/mL, about 0.04 U/mL, about 0.05 U/mL, about
0.06 U/mL, about 0.07 U/mL, about 0.08 U/mL, about 0.09 U/mL, or about 0.1 U/mL. In some
aspects, the concentration of Factor IXa protein or a fragment, variant, or derivative thereof is at
least about 0.1 U/mL.

[0119] In other aspects, for example to apply the methods disclosed herein to measure the
coagulation activity of a Factor IX protein or a fragment, variant, or derivative thereof, the
activated coagulation factor is a Factor Xla protein or a fragment, variant, or derivative thereof.
In some specific aspects, the Factor Xla protein or a fragment, variant, or derivative thereof is
present in the activation mixture composition prior to drying within a range of about 0.01 U/mL
to about 0.05 U/mL. In some aspects, the concentration of Factor XIa protein or a fragment,
variant, or derivative thereof is about 0.01 U/mL, about 0.02 U/mL, about 0.03 U/mL, about 0.04
U/mL, about 0.05 U/mL, about 0.06 U/mL, about 0.07 U/mL, about 0.08 U/mL, about 0.09
U/mL, or about 0.1 U/mL. In some aspects, the concentration of Factor Xla protein or a
fragment, variant, or derivative thereof is at least 0.1 U/mL. In some aspects, the concentration of
Factor Xla protein or a fragment, variant, or derivative thereof is about 0.01 mg/mL, about 0.02
mg/mL, about 0.03 mg/mL, about 0.04 mg/mL, about 0.05 mg/mL, about 0.06 .g/mL, about 0.07

mg/mL, about 0.08 mg/mL, about 0.09 mg/mL, or about 0.1 mg/mL. In some aspects, the
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concentration of Factor Xla protein or a fragment, variant, or derivative thereof is about 0.1
mg/mL. In some aspects, the concentration of ractor XIa protein or a fragment, variant, or
derivative thereof is about 0.10 mg/mL, about 0.15 mg/mL, about 0.20 mg/mL, about 0.25
mg/mL, about 0.30 mg/mL, about 0.35 ,g/mL, about 0.40 mg/mL, about 0.45 mg/mL, or about
0.50 mg/mL.

[0120] One skilled in the art would understand that other activated coagulation factors
and cofactors can be used instead of Factor IXa and FXia depending on the coagulation factor
tested in the coagulation assay.

[0121] The activation mixture contains a phospholipid mixture comprising at least one
phospholipid. In some aspects, the phospholipid mixture comprises 2 phospholipids. In other
aspects, the phospholipid mixture comprises 3 phospholipids. In other aspects, the phospholipid
mixture comprises more than three phospholipids. In other aspects, the phospholipid mixture
comprises at least one phospholipid in combination with at least another lipid, e.g., a fatty acid or
cholesterol.

[0122] In some specific aspects, the composition of the phospholipid mixtare i detined.
i.e., phospholipid(s) and other lipid components (if present) are combined according to
predetermined ratios. In other aspects, the composition of phospholipid mixture is not defined.
e.g.. the phospholipid mixture is obtained from an animal and/or vegetal tissue extract (e.g., egg.
soy. etc). Chloroform extracts from rabbit brain are an example of suitable phospholipid mixture
obtained from a tissue extract known in the art. In some aspects, the phospholipids can be
natural. In other aspects, the phospholipids can be synthetic. In some aspects, the phospholipids
are a mixture of natural and synthetic phospholipids. The phospholipids in the phospholipid
mixture can be, for example, phosphatidylcholine, phosphatidylserine, phosphatidylglycerol,
phosphatidic acid, phosphatidylethanolamine, and any combinations thereof.

[0123] Synthetic phospholipics that can be present in the phospholipid mixture include,
for example, synthetic phosphatidic acid (e.g., DMPA, DPPA, DSPA), synthetic
phosphatidylcholine (e.g., DDPC, DLPC, DMPC, DPPC, DSPC, DOPC, POPC, DEPC),
synthetic ~ phosphatidylglycerol  (e.g., DMPG, DPPG, DSPG, POPG), synthetic
phosphatidylethanoamine (e.g.. DMPE, DPPE, DSPE, DOPE), synthetic phosphatidylserine (e.g.,
DOPS), and combinations thereof.

{124 In some specific examples, the phospholipid mixture comprises 70 mole-% of

phosphatidylcholine and 30 mole-% of phosphatidylserine. In other specific examples, the
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phospholipid mixture comprises 80 mole-% of phosphatidylcholine, 10 mole-% of
phosphatidylserine, and 10 mole-% of phosphatidylglycerol. In yet other specific examples, the
phospholipid mixture comprises 75 mole-% of phosphatidylcholine, 20 mole-% of
phosphatidylserine, and 5 mole-% of phosphatidylglycerol.

[0125] In some specific examples, the phospholipid mixture consists or consists
essentially of 70 mole-% of phosphatidylcholine and 30 mole-% of phosphatidylserine. In other
specific examples, the phospholipid mixture consists or consists essentially of 80 mole-% of
phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-% of phosphatidylglycerol.
In yet other specific examples, the phospholipid mixture consists or consists essentially of 75
mole-% of phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-% of
phosphatidylglycerol.

[0126] In some aspects, the phospholipid mixture comprises at least about 5 mole-%, at
least about 10 mole-%, at least about 15 mole-%. at least about 20 mole-%, at least about 25
mole-%, at least about 30 mole-%, at least about 35 mole-%, at least about 40 mole-%, at least
about 45 mole-%, at least about 50 mole-%, at least about 55 mole-%, at least about 60 mole-%,
at least about 65 mole-%, at least about 70 mole-%, at least about 75 mole-%, at least about 80
mole-%, at least about 85 mole-%. at least about 90 mole-%, or at least about 95 mole-% of
phosphatidylcholine.

[0127] In some aspects, the phospholipid mixture comprises at least about 5 mole-%, at
least about 10 mole-%, at least about 15 mole-%, at least about 20 mole-%. at least about 25
mole-%, at least about 30 mole-%, at least about 35 mole-%, at least about 40 mole-%, at least
about 45 mole-%, at least about 50 mole-%, at least about 55 mole-%, at least about 60 mole-%,
at least about 65 mole-%, at least about 70 mole-%, at least about 75 mole-%, at least about §0
mole-%, at least about 85 mole-%, at least about 90 mole-%, or at least about 95 mole-% of
phosphatidylserine.

[0128] In some aspects, the phospholipid mixture comprises at least about 5 mole-%, at
least about 10 mole-%, at least about 15 mole-%, at least about 20 mole-%, at least about 25
mole-%, at least about 30 mole-%, at least about 35 mole-%, at least about 40 mole-%, at least
about 45 mole-%, at least about 50 mole-%. at least about 55 mole-%, at least about 60 mole-%.
at least about 65 mole-%, at least about 70 mole-%, at least about 75 mole-%, at least about 80
mole-%, at least about 85 mole-%, at least about 90 mole-%, or at least about 95 mole-% of

phosphatidylglycerol.
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[0129} In some aspects, the phospholipid mixture turther comprises cholesterol. In some
aspects, the phospholipid mixture comprises at least about 1 mole-%, at least about 2 mole-%, at
least about 3 mole-%, at least about 4 mole-%, at least about 5 mole-%, at least about 6 mole-%,
at least about 7 mole-%, at least about 8 mole-%, at least about 9 mole-%, at least about 10 mole-
%, at least about 11 mole-%, at least about 12 mole-%, at least about 13 mole-%, at least about
14 mole-%, at least about 15 mole-%. at least about 16 mole-%, at least about 17 mole-%, at least
about 18 mole-%, at least about 19 mole-%, or at least about 20 mole-% of cholesterol.

[0130] In some aspects, the phospholipid mixture is combined with the activated
coagulation factor prior to drying onto a solid substrate. In some aspects, the phospholipid
mixture is in vesicle form (e.g., a liposome or other artificial lipid vesicle). In some aspects, the
vesicles are unilamellar vesicles, e.g., small unilamellar vesicles. Unilamellar vesicles can be
produced using methods known in the arts, e.g., extrusion or sonication. Typically, small
unilamellar vesicles are formed by sonication (e.g., tip or bath sonication) from large
multilamellar vesicles. Large unilamelar vesicles can be formed, for example, by extrusion or by
allowing small unilamellar vesicles to coalesce.

[0131] Divalent cations are optionally present in the activation mixture. In some aspects,
divalent cations are present in the sample (e.g., a recalcified sample) and in the activation
mixture. In other aspects, divalent cations can be added after the sample has contacted the
activation mixture.

[0132] in some aspects, the divalent cations are calcium ions. Any chemical source of
calcium cations can be used, e.g.. CaClp, Ca(NO»),, CaSOy,, or other inorganic or organic calcium
cation-containing compounds.

[0133] The methods disclosed herein can be applied to any sample containing a
coagulation factor or suspected of containing a coagulation factor. In some aspects, the sample
can be whole blood, citrated or equivalently stabilized blood, plasma, or other fluid sample
containing or suspected of containing a coagulation factor. In some aspects, the sample is
decalcified, e.g., decalcified plasma. Plasma can be decalcified, for example, by adding chelators
such as EDTA. In other aspects, the sample is recalcified, e.g., recalcified plasma. Methods to
decalcify blood samples, e.g., plasma, and specific conditions and calcium concentrations for
recalcification are well known in the art.

[0134] Measurements of coagulation, e.g., clotting time (Ct) measurements, using the

activation mixtures disclosed herein, wherein the activation mixture is dried onto a solid
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substrate, can be carried out manually by visual observation of clot formation. However,
measurement of coagulation, e.g., clotting time (Ct) measurement, can also be performed using
optical or mechanical measurement instruments such as those marketed, e.g., by the Amelung,
Baxter, Labor, Medtronic, CoaguSense, Roche Diagnostics (e.g., CoaguChek® I, II, XS;
Coumatrak®), CardioVascular Diagnostics (e.g., TAS“@), Organon Teknica (_Coag-A-Mate@"\,
Haemoscope (TEG), Pentapharm (ROTEM), Medirox, Siemens, Hemotek, Helena Laboratories.
and Behring companies. Measurements can also be performed using point-of-care devised
discussed infra.

[0135] The activation mixtures disclosed herein, wherein the activation mixture is dried
onto a solid substrate, can be applied to a variety of methods for measuring coagulation. and/or
the concentration of coagulation factors in biological samples, e.g., blood or plasma, and/or to
determine the effect or concentration of direct or indirect inhibitors of coagulation. Such methods
include both chromogenic assays and so-called "clotting methods" such as the aPTT assay. In
general, these "clotting methods" are characterized by the fact that coagulation is activated and
the time from coagulation activation until detection of clotting in the sample is measured. and in
turn clotting time can be converted into direct concentration units by establishing a calibration
curve with appropriate calibration reagents.

[0136] In specific aspects of the present disclosure, the activation mixture can be used as
a reagent for the measurement of the Factor VIII activity of a Factor VIII protein (or a fragment,
variant, derivative. chimeric protein, or hybrid protein thereof) in a sample. In one specific
aspect, such activation mixture comprises 80% of 0.1 mg/mL Factor IXa and 20% of a
phospholipid mixture comprises 75 mole-% of phosphatidylcholine, 20 mole-% of
phosphatidylserine, and 5 mole-% of phosphatidylglycerol, wherein said activation mixture is
dried onto a solid substrate. In another specific aspect, such activation mixture consist or
substantially consists of 80% of 0.1 mg/mL Factor IXa and 20% of a phospholipid mixture
comprises 75 mole-% of phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-%
of phosphatidylglycerol, wherein said activation mixture is dried onto a solid substrate.

[0137] In specific aspects of the present disclosure, the activation mixture can be used as
a reagent for the measurement of the Factor IX activity of a Factor IX protein (or a fragment,
variant, derivative, chimeric protein, or hybrid protein thereof) in a sample. In one specific
aspect, such activation mixture comprises 80% of Factor Xla suspension and 20% of a

phospholipid mixture comprising 75 mole-% of phosphatidylcholine, 20 mole-% of
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phosphatidylserine, and 5 mole-% of phosphatidylglycerol, wherein said activation mixture 1s
dried onto a solid substrate. In another specific aspect, such activation mixture consists or
substantially consists of 80% of Factor Xla suspension and 20% of a phospholipid mixture
comprising 75 mole-% of phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-%
of phosphatidylglycerol, wherein said activation mixture is dried onto a solid substrate. The exact
amount of FXIa suspension needed varies depending on the specific activity of this reagent and is

titrated for optimal amount and may include approximately 0.1 mg/mL to approximately 0.5

mg/mL.
{HE3R] Alse provided in the present disclosure is a kit for performoing a measurement of

coagulaton factor activity or coagulation time in a sample, whergin said kit comprises the
components to prepare any of the activation ruixtures disclosed herein in one or more vials, as
wedl as fastructions to dry the compononts to prepare any of the activation mixtures disclosed
herein onto a solid substrate. Such kit can comprise, for example, (1) a solation compuising both
av activated coagulation factor and phospholipid vesicles inn a single vial, or (i} separate vials,
one of them containing a solution of activated coagulation facior and a second vial containing a
solution of phospholiptd vesicles, or {1} a vial containiug a solution of activated coaguolation
factor and a second vial containing a dried phospholipid mixture to be reconstituted o produce
phaspholiptd vesicles, etc. Thus, in some aspects, the ki comprises one or more components in a
dry form or non-dry form in one or more vials, instructions for reconstituting or mixing the
components in the kit, and instruction for drying the activation mixture onto a solid substrate.
[0139] Also provided in the present disclosure is a sample holder for performing a blood
coagulation assay, comprising a surface coated with any one of the activation mixtures disclosed
herein, wherein the activation mixture is dried onto a solid substrate. For example, the sample
holder can be a test strip, a test stick, a reaction chamber, a cup, a cuvette, a cartridge, a chip, a
well plate, an array, a membrane, a capillary, etc. A particular advantage of using a dried
activation mixture coating a surface (as opposed to using a fluid reagent) in a sample holder is
that it extends the shelf life of the sample holder. A second advantage is that using a dried
activation mixture applied to coat the inner walls of a sample holder (e.g., a cartridge, a well or a
cuvette) is that the operator does not need to mix, pour, or otherwise deal with liquid reactants.
[0140] In performing the assays disclosed herein (e.g., the Standard FMS assay or the
Alternate FMS assay). a great variation in protein concentrations, incubation times, reagent

concentrations, and temperatures can be employed. The selection of particular assay parameters
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will depend on the coagulation factor to be assayed as well as the source, type and size of the
sample to be assayed, the anticipated levels of coagulation factor contained therein, and the
threshold of sensitivity desired. Taking these circumstances into consideration, selection of assay
parameters will be apparent to those skilled in the art.

[G141] The assays disclosed herein (e.g., the Standard FMS assay or the Alternate FMS
assay) can be used in methods for determining clotting time in a patient having a bleeding
disorder. Accordingly, the present disclosure provides a method for determining clotting time in
a patient having bleeding disorder comprising (a) contacting a sample obtained from the patient
with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; and, (b) measuring the
time between the contacting of the activation mixture with the blood sample and the onset of
clotting, thereby calculating the clotting time (Ct).

[0142] The present disclosure also provides a method of treating a patient having a
bleeding disorder comprising (a) contacting a sample obtained from the patient with an activation
mixture comprising an activated coagulation factor and a phospholipid mixture, wherein the
activation mixture is dried onto a solid substrate; (b) measuring the time between the contacting
of the activation mixture with the sample and the onset of clotting, thereby calculating the
clotting time (Ct), wherein Ct indicates whether the patient will benefit from administration of a
treatment; and, (¢) administering the treatment to the patient if Ct indicates that the patient will
benefit from administration of the treatment. Also provided is a method of treating a patient
having a bleeding disorder comprising (a) contacting a sample obtained from the patient with an
activation mixture comprising an activated coagulation factor and a phospholipid mixture,
wherein the activation mixture is dried onto a solid substrate; (b) measuring the time between the
contacting of the activation mixture with the sample and the onset of clotting, thereby calculating
the clotting time (Ct), wherein Ct indicates whether the patient will benefit from administration
of a treatment; and, (¢) instructing a healthcare provider to administer the treatment to the patient
it Ct indicates that the patient will benefit from administration of the treatment.

[0143] The disclosure also provides a method of optimizing a bleeding disorder treatment
in a patient comprising (a) contacting a sample obtained from the patient with an activation
mixture comprising an activated coagulation factor and a phospholipid mixture, wherein the
activation mixture is dried onto a solid substrate; (b) measuring the time between the contacting

of the activation mixture with the sample and the onset of clotting, thereby calculating the
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clotiing time (C1), wherein Ct correlates with a therapeutically efficacious treatmenty and, {2}
administering an optirnized treatment to the patient, wherein the treatment is maintained or
adjusted. Also provided is a method of optimizing a bleeding disorder treatment in a patient
comprising (a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate; (b) measuring the time between the contacting of the
activation mixture with the sample and the onset of clotting, thereby calculating the clotting time
(Ct), wherein Ct correlates with a therapeutically efficacious treatment; and, (c¢) instructing a
healthcare provider to optimize the treatment administered, wherein the treatment is maintained
or adjusted.

[0144) The instant disclosure also provides a method of diagnosing whether a patient is in
need of treatment for a bleeding disorder comprising (a) contacting a sample obtained from the
patient with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; (b) measuring the time
between the contacting of the activation mixture with the sample and the onset of clotting,
thereby calculaiing the clotting time (Ct), wherein Ct indicates whether the patient has a
bleeding disorder; and,(c) providing a treatment for the bleeding disorder if the patient is in need
thereof. Also provided is a method of diagnosing whether a patient is in need of treatment for a
bleeding disorder comprising (a) contacting a sample obtained from the patient with an activation
mixture comprising an activated coagulation factor and a phospholipid mixture, wherein the
activation mixture is dried onto a solid substrate; (b) measuring the time between the contacting
of the activation mixture with the sample and the onset of clotting, thereby calculating the
clotting time (Ct), wherein Ct indicates whether the patient has a bleeding disorder; and, (c)
instructing a healthcare provider to provide treatment for the bleeding disorder if the patient is in
need thereof.

[0145] Also provided in the present disclosure is a method of monitoring the efticacy of a
bleeding disorder treatment administered to a patient comprising (a) contacting a sample obtained
from the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct); and, (c)comparing the measured Ct

with the Ct obtained from a corresponding standard, wherein the standard is representative of a
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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 results and
the corresponding standard. Also provided is a method of monitoring the efficacy of a bleeding
disorder treatment administered to a patient comprising (a) contacting a sample obtained from
the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct); and, (c) comparing the measured Ct
with the Ct obtained from a corresponding siandard, 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) instructing a
healthcare provider to maintain or adjusting the patient's treatment based on the relative
difference between the patient's results and the corresponding standard.

[0146] The present disclosure also provides a method for determining a coagulation
factor level in a bleeding disorder patient, comprising (a) contacting a sample obtained from the
patient with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; (b) measuring the time
between the contacting of the activation mixture with the sample and the onset of clotting,
thereby calculating the clotting time (Ct); and, (c) correlating the Ct value with the level of
coagulation factor in the sample. The correlation between Ct and coagulation factor level

(%Factor) can be calculated, for example, according to the formula:

Ct = A x Ln(%Factor) + B

wherein, for each coaguiation factor, A is & constant vahue corresponding to the slope of a (t
versus eoagalation {actor concentration dose-response, and B is patient-specitic off-set value,

{8147} For a given coagulation factor, the A values for dose response curves plotting
concentration of coagulation factor (%eFactor) versus Ut are similar for all patients. whereas the B
off-set values are different due to patient-specific global coagulation differences. The variability
in B values can be addressed, for example, by optimizing the chemistry of the activation mixture

so that there is no difference in B values among patients. The resulting correlation between
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concentration of factor and €t can be used in a "Ready to Use Factor Mouwitoring Bevice” that
does not require patient-specific calibration. Such device can be, for example, a potnt-of-care
device.

{0148] Aherpatively, the variability in B values can be addressed by customizing the
device for each patient, For example, £t can be measured during an initial (training) visit using
the Standard FMS assay or Alternate FMS assay disclosed berein, and venons sample for
standard laboratory analvsis can be obtained at the same time. The B value, offSet between €1
value from FMS assavis) and the laboratory assavs. could be provided to the pattent (.9, as an
1D valug). The 1D value could be used to program the device, thus providing a "Customized
Factor Monitoring Device” apecifically customized for a single patient, Multiple patient IDs
would be possible per device. Such device can be, for example, a point-of-care device.

#1491 The instant disciosure also provides a method for determining a pharmacokinetic
(PK) parameter in a bleeding disorder patient, comprising (2) contacting a sample obtained from
the patient with ap activation mixture coraprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b}
measuring the Ume between the contacting of the activation mixture with the sample and the
onset of clotting, thereby caleulating the clotting time (O and, {¢) correlating a P with the
calenlated Ci value, thereby deternyiuing the value of the PK parameter.

1134 Also provided in the present disclosure is g method of treating a patient having a
blceding disorder comprising (a) comacting a sample obtained fron the patient with an activation
mixture comprising an activated coagulation factor and s phospholipid mixture, wherein the
activation mixtare is dried onto a solid substrate; (b} measuring the time between the contacting
of the activation rwixture with the sample and the onset of clotting, thereby caleulating the
clotting time (Ot {¢) determining a PR parameter based on i, wherein the PK parameter
indicates that the patient will benefit from administration of the treaunent; and, (4) administering
the treatment to the patient if the PK parameter indicates that the patient will benefit from
adminisiration of the treatment. Alse provided in the present disclosure 13 g mcthod of treating a
patient having a bleeding disorder comprising (a) contacting a sample obtained from the patient
with an activation mixture comprising an activated coagulation factor and a phospholipid
mixtore, wherein the activation mixiure is dried onto a solid substrate; (b) measuring the time
between the contacting of the activation mixture with the sample and the onset of clotting,

thereby caloulating the clotting time (Cth: (o) determining a PX parameter based on Cf, wherein
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the PK parameter indicates that the patient will benefit from administration of the treatment; and,
(d) instructing a healthcare provider to administer the treatment to the patient if the PK parameter
indicates that the patient will benefit from administration of the treatment,

[0151] The present disclosure also provides is a method of optimizing a bleeding disorder
treatment in a patient comprising (a) contacting a sample obtained from the patient with an
activation mixture comprising an activated coagulation factor and a phospholipid mixture.
wherein the activation mixture is dried onto a solid substrate: (b) measuring the time between the
contacting of the activation mixture with the sample and the onset of clotting, thereby calculating
the clotting time (Ct); (c) determining a PK parameter based on Ct, wherein the PK parameter
correlates with a therapeutically efficacious treatment; and, (d) administering an optimized
treatment to the patient, wherein the treatment is maintained or adjusted. The present disclosure
also provides a method of optimizing a bleeding disorder treatment in a patient comprising (a)
contacting a sample obtained from the patient with an activation mixture comprising an activated
coagulation factor and a phospholipid mixture, wherein the activation mixture is dried onto a
solid substrate; (b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct): (c) determining a PK
parameter based on Ct, wherein the PK parameter correlates with a therapeutically efficacious
treatment; and. (d) instructing a healthcare provider to administer an optimized treatment to the
patient, wherein the therapy is maintained or adjusted.

[0152] The instant disclosure also provides a method of diagnosing whether a patient is in
need of treatment for a bleeding disorder comprising (a) contacting a sample obtained from the
patient with an activation mixture comprising an activated coagulation factor and a phospholipid
mixture, wherein the activation mixture is dried onto a solid substrate; (b) measuring the time
between the contacting of the activation mixture with the sample and the onset of clotting,
thereby calculating the clotting time (Ct); (¢) determining a PK parameter based on Ct, wherein
the PK parameter indicates whether the patient has a bleeding disorder; and, (d) providing
treatment for the bleeding disorder if the patient is in need thereof.

[0153] Also provided in the instant disclosure is a method of diagnosing whether a
patient is in need of treatment for a bleeding disorder comprising (a) contacting a sample
obtained from the patient with an activation mixture comprising an activated coagulation factor
and a phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)

measuring the time between the contacting of the activation mixture with the sample and the



WO 2014/018777 PCT/US2013/052101
-4

onset of clotting, thereby calculating the clotting time (Ct); and, (¢) determining a PK parameter
based on Ct, wherein the PK parameter indicates whether the patient has a bleeding disorder:
and, (d) instructing a healthcare provider to provide therapy to treat the bleeding disorder if the
patient is in need thereof.

[0154] The present disclosure also provides a method of monitoring the efficacy of a
bleeding disorder treatment administered to a patient comprising (a) contacting a sample obtained
from the patient with an activation mixture comprising an activated coagulation factor and a
phospholipid mixture, wherein the activation mixture is dried onto a solid substrate; (b)
measuring the time between the contacting of the activation mixture with the sample and the
onset of clotting, thereby calculating the clotting time (Ct); and, (¢) determining a PK parameter
based on Ct; (d) comparing the PK parameter with the PK obtained from a corresponding
standard. wherein the standard is representative of a therapeutically etficacious treatment, and
wherein a similarity between the patient's results and the standard is indicative of efficacy of the
patient's current treatment; and, (¢) maintaining or adjusting the patient's treatment based on the
relative difference between the patient's results and the corresponding standard. Also provided is
a method of monitoring the efficacy of a bleeding disorder treatment adrinistered to a patient
comprising (a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate; (b) measuring the time between the contacting of the
activation mixture with the sample and the onset of clotting, thereby calculating the clotting time
(Ct): (c¢) determining a PK parameter based on Ct; (d) comparing the PK parameter with the PK
obtained from 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. (e) instructing a
healthcare provider to maintain or adjust the patient's treatment based on the relative difference
between the patient's results and the corresponding standard.

[6155] In some aspects. the PK is terminal half-life ("HL"). In other aspects, the PK is
time to through ("T"). The PK parameters disclosed herein as well as other PK parameters known
in the art can be calculated from Ct and additional parameters that can be determined
experimentally and/or from pharmacodynamic simulation and/or pharmacokinetic simulations.
For example, pharmacokinetic and pharmacodynamics parameters can be calculated for a certain

coagulation factor, for a certain population, or for a certain administration route, dosage. or other
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condition based on simulations conducts on data obtained from a single patient or from multiple

patients (e.g., patients in a clinical trial).

[0156] [n some aspects. HL can be calculated according to the formula:
HL =009 x(To-Tox A O - O
[0157] wherein, for each coagulation factor, A is a constant value corresponding to the

slope of a Ct versus coagulation factor concentration dose-response, Ty and T are times at which
Ct is measured, and Ct; and Ct» are Ct values measured at T, and T, respectively. In this
calculation. the offset value B becomes irrelevant. ie., interpatient differences in global
coagulation do not affect terminal half-life. The possibility of repeating Ct measures on a point-
of-care device on multiple days applying the method and compositions disclosed herein (for
example, one measurement per day for 5 to 8 days) means that the likely result would be far
more accurate than terminal half-life values obtained using one or two traditional laboratory-
based measurements.

[0158] In some aspects. the patient-specific terminal half-life calculated according to the
method disclosed above can be combined with pharmacokinetic and/or pharmacodynamics data.
For example, product-specific in vivo recovery and distribution phase («-phase) haif-life data can
be obtained via population modeling using data obtained from clinical trials. "/n vivo recovery"
("IVR") is generally represented by the incremental recovery (K-value), which is the observed
peak activity minus predose level and then divided by the dose. TVR can also be calculated on a
percentage basis. The mean IVR can be determined in a patient population, or the individual
IVR can be determined in a single subject. Product-specific in vivo recovery and distribution
phase (c-phase) half-life data can be combined to patient-specific terminal half-life data to
calculate time to trough (T) according to the formula:

T=-1.44 x HL / (A x (Ctyaeasured — Cttrough)

wherein for each coagulation factor A is a constant value corresponding to the slope of a Ct
versus coagulation factor concentration dose-response, and HL is the terminal half-life, Ctieasured
is Ct measured at certain time point, and Ctyouen 1S patient-specific clot time at trough. :n some

aspects, the patient is administered a new dose of coagulation factor every T interval.
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[0159] In some aspects, the sample used in the methods of treating, optimizing a
treatment. diagnosing whether a patient needs a treatment, monitoring the efficacy of the
treatment, or in the methods for determining clotting times, coagulation factor levels, and
pharmacokinetic (PK) parameters disclosed herein, comprises, e.g., whole blood, citrated or
equivalently stabilized blood, plasma, or other fluid sample containing or suspected of containing
a coagulation factor. In some aspects, the sample is whole blood, for example venous blood
obtained via phlebotomy, whereas in other aspects the blood is fingerstick blood. In some
specific aspects, a single drop of fingerstick blood is required to practice the disclosed methods.
[0160] In other aspects, the sample is plasma. Samples, e.g., plasma or blood, can be
refrigerated or used at room temperature. In some aspects, samples, e.g., plasma or blood, can be
frozen and thawed prior to contacting the sample with the activation mixture. In other cases, the
sample has not been frozen and thawed prior to contacting the sample with the activation
mixture. In some aspects, the sample is decalcified, e.g., by adding a chelator such as EDTA to
the sample. In other aspects, the decalcified sample is recalcified prior to contacting the sample
with the activation mixture by adding a solution containing divalent ions, e.g., calcium ions. In
certain aspects, the decalcified sample is recalcified after contacting the sample with the
activation mixture.

[0161] In certain aspects, variability between samples can be reduced by adding, for
example, a purified coagulation factor or an inhibitor of coagulation to the sample. Purified
coagulation factor that can be added to the sample include, for example, Factors 1I, Factor VII,
Factor VIII, Factor IX, Factor X, Factor XI, Factor XII, Factor XIII, Fibrinogen, vWF, Tissue
Factor, and combinations thereof. Coagulation inhibitors that can be added to the sample include,
for example, CTI, aprotinin, e-aminocaproic acid (EACA), D-Phenylalanyl-l-prolyl-l-arginine
chloromethyl ketone-Factor VIla (FPRCK-FVIIa), anti-coagulation factor monoclonal
antibodies, and combinations thereof. In some aspects, the one purified coagulation factor can be
added to the sample. In other cases, more than one purified coagulation factor can be added to the
sample. In some cases, one coagulation inhibitor can be added to the sample. In other cases, more
than one coagulation inhibitor can be added to the sample. In some cases, a combination
comprising at least one purified coagulation factor and at least one coagulation inhibitor can be
added to the sample.

[6162] In some cases, the sample can be diluted, for example, with substrate sampie (i.e.,

sample that has been depleted of the assay target factor). This dilution can consist, for example,



WO 2014/018777 PCT/US2013/052101
- 46 -

of one part of sample diluted with three parts of substrate sample. In some aspects, the sample is
diluted with substrate sample at about a 1:2 ratio, at about 1:3 ratio, at about a 1:4 ratio, or at
about a 1:5 ratio. Dilution ratios can be adjusted above or below the disclosed ratios using routine
experimentation.

[0163] In some aspects, the methods of treating, optimizing a treatment, diagnosing
whether a patient needs a treatment, monitoring the efficacy of the treatment, or in the methods
for determining clotting times, coagulation factor levels, and pharmacokinetic (PK) parameters
disclosed herein, use an activation mixture comprising an activated coagulation factor wherein
the factor is a Factor IXa protein or a fragment, variant, or derivative thereof.

[0164] In some aspects, the methods of treating, optimizing a treatment, diagnosing
whether a patient needs a treatment, monitoring the efficacy of the treatment, or in the methods
for determining clotting times, coagulation factor levels, and pharmacokinetic (PK) parameters
disclosed herein, use an activation mixture comprising an activated coagulation factor wherein
the factor is a Factor Xla protein or a fragment, variant, or derivative thereof.

[0165] In some aspects, the methods of treating, optimizing a treatment, diagnosing
whether a patient needs a treatment, monitoring the efficacy of the treatment, or in the methods
for determining clotting times, coagulation factor levels. and pharmacokinetic (PK) parameters
disclosed herein. use an activation mixture comprising a phospholipid mixture. This phospholipid
mixture can comprise, for example, 1 phospholipid, 2 phospholipids, 3 phospholipids, or more
than 3 phospholipids. These phospholipids can be, for example, phosphatidylcholine,
phosphatidylserine, or phosphatidylglycerol. The phospholipids in the phospholipid mixture can
be, for example, natural phospholipids, synthetic phospholipids, or combinations thereof.

[0166 In some specific aspects, the phospholipid mixture comprises 70 mole-% of
phosphatidylcholine and 30 mole-% of phosphatidylserine. In certain specific aspects, the
phospholipid mixture consists or essentially consists of 70 mole-% of phosphatidylcholine and 30
mole-% of phosphatidylserine. [n other aspects, the phospholipid mixture comprises 80 mole-%
of phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-% of
phosphatidylglycerol. In yet other aspects, the phospholipid mixture consists or essentially
consists of 80 mole-% of phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-%
of phosphatidylglycerol. In some aspects, the phospholipid mixture comprises 75 mole-% of
phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-% of phosphatidylglycerol.

In other aspects, the the phospholipid mixture consists or essentially consists of 75 mole-% of
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phosphatidyicholing, 20 mole-% of phosphatidylserine. and 3 mole-% of phosphatidylglyeerol
In certain aspecis. the phospholipid mixture further comprises cholesterol, for example at a
concentration from abowt 1 to about 20 mwoie~26 of cholesterol.

[0167] In some aspects, the activation mixture used in the methods of treating, optimizing
a treatment, diagnosing whether a patient needs a treatment, monitoring the efficacy of the
treatment. or in the methods for determining clotting times, coagulation factor levels, and
pharmacokinetic (PK) parameters disclosed herein, comprises a phospholipid mixture in lipid
vesicle form. In some aspects, the lipid vesicles are small unilamellar vesicles.

[0168] In some aspects, the activation mixture used in the methods of treating, optimizing
a treatment. diagnosing whether a patient needs a treatment. monitoring the efficacy of the
treatment, or in the methods for determining clotting times, coagulation factor levels, and
pharmacokinetic (PK) parameters disclosed herein, further comprises divalent cations. e.g.,
calcium ions.

[0169] In some aspects, the activation mixture used in the methods of treating, optimizing
a treatment. diagnosing whether a patient needs a treatment, monitoring the efficacy of the
treatment, or in the methods for determining clotting times. coagulation factor levels, and
pharmacokinetic (PK) parameters disclosed herein, can react with a coagulation factor, e.g.,
Factor VIIL Factor VIII, or Factor IX. In some aspects, the Factor VIII coagulation factor is a
Factor VIII protein (or a fragment, variant, derivative, chimeric protein, or hybrid protein
thereof). In some aspects, the Factor VIII coagulation factor is a chimeric Factor VIII-Fc fusion
protein. In some aspects, the Fc portion of the chimeric Factor VIII protein comprises a human
f'c domain. In some aspects, the chimeric Factor VIII protein comprises a B-domain deleted
Factor VIIL In specific aspects, the chimeric Factor VIII protein comprises SEQ ID NO:6. or
SEQ ID NO:2.

[06170] In other aspects, the Factor [X coagulation factor is a Factor IX protein (or a
fragment, variant, derivative, chimeric protein, or hybrid protein thereof). In some aspects. the
Factor IX coagulation factor is a chimeric Factor IX-Fc fusion protein. In some aspects, the Fc
portion of the chimeric Factor IX protein comprises a human Fc domain. In certain specific
aspects, the chimeric Factor IX protein comprises SEQ ID NO: 13.

[0171] In some aspects, the activation mixture used in the methods of treating, optimizing
a treatment, diagnosing whether a patient needs a treatment, monitoring the efficacy of the

treatment, or in the methods for determining clotting times, coagulation factor levels. and
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pharmacokinetic (PK) parameters disclosed herein, is dried onto a the solid substrate. This solid
substrate can be, for example. paper, plastic, glass, ceramic material, metal, and combinations
thereof. In some aspects, the solid substrate is a surface on a test strip. test stick, reaction
chamber, cartridge, chip, well plate, or array used in an apparatus to measure coagulation factor
aclivity or coagulation time.

[0172] In some aspects, the patient in the methods of treating, optimizing a treatment,
diagnosing whether a patient needs a treatment, monitoring the efficacy of the treatment, or in the
methods for determining clotting times, coagulation factor levels, and pharmacokinetic (PK)
parameters disclosed herein, has not yet been treated with a coagulation factor. However, in other
cases, the patient has received prior coagulation factor treatment. but the treatment has been
discontinued for a time period sufficient to deplete the coagulation factor treatment from the
patient's blood.

[0173] The methods, compositions, 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 methods of systems
disclosed herein can be used to apply more precise coagulation factor dosing to patients. In a
further aspect. the methods and systems disclosed herein can be used to increase the power and
effectiveness of clinical trials. Thus, individuals in a study can be monitored and dosages
adjusted individually. When the methods of the present disclosure are used for the treatment of
bleeding disorders by administration of a coagulation factor, e.g.. a Factor VIII or Factor IX
protein (or fragment, variants, derivative. chimeric proteins, or hybrid protein thereof),
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. 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.

[0174] 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,
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and treatment decisions can be performed by one or more healthcare providers, healthcare
benefits providers, and/or clinical laboratories. In some cases, the methods, compositions, and
systems disclosed herein can be applied in a point-of-care test system.

[0175} 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 can correlate with
severity of the disease) and adding various therapeutic composition(s) such as recombinant FV il
or FIX ex vivo to such blcod in order to predict the individual's response to therapy. The methods
disclosed herein can be applied, for example, to measure clotting time in samples from a patient
suffering from a bleeding disorder, samples from a patient suffering from a clotting disorder, or
samples from a healthy patient (e.g., prior to surgery). The methods disclosed herein can also be
applied, for example, to determine the effect on coagulation of a natural, recombinant, or
chimeric clotting factor, a biological (e.g.. an antibody or fusion protein). an anticoagulant, or a
small molecule drug added to a plasma or blood sample, or present or suspected to be present in a
blood or plasma sample from a patient. Thus, the methods disclosed herein are generally
applicable to the measurement of coagulation (e.g., by measuring clotting time) in samples from
patients suffering or at risk of suffering conditions other bleeding disorders other than
hemophilias. For example, in some conditions such as lupus. coagulation can be altered by the
presence of lupus anticoagulant, a prothrombotic agent that precipitates the formation of thrombi
in vivo. Patients with lupus and other conditions causing thrombosis can be treated with
anticoagulants. Coagulation can also be altered by substances from animal origin, e.g., hirudin or
proteins from snake venoms. Certain drug therapies, for example, warfarin treatment, are known
to influence coagulation factor levels. Also patients suffering from consumptive coagulapathies
such as thrombosis or disseminated intravascular coagulation (DIC) can present anomalies in
coagulation factor levels which require careful clinical management. Successful treatment of
these conditions similarly requires accurate determination of serum coagulation factor levels. In
managing any of the aforementioned medical conditions, one mode of treatment involves
administration of exogenous coagulation factors {e.g, Factor VIII or FIX proteins. fragments,
vartaits or dertvatives, for example rFVIIFe or tFIXFe) It is essential that the precise
concentration of such therapeutic doses be measured, and the gquantity of coagulation factor be

momiored,
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[0176] Accordingly, the methods for diagnosing, treating, optimizing treatment,
monitoring treatment, etc. disclosed herein can generally be applied to any diseases, conditions,
or any situations in which blood coagulation is compromised or is suspected to be compromised,
and also for prophylactic or preventive purposes (for example, to detect the onset of a disease or

condition in a patient at risk or with a family history of such disease).

III.  Point-of-Care Applications

[0177§ In many situations, blood coagulation tests can be performed directly at the point
of care without transport of the sample to an separate facility, e.g., a laboratory. The advantages
of point-of-care analysis include (i) short turn-around time, as there is no time or only little time
needed for transport of the sample, which allows fast monitoring-directed decisions, (it) transport
of the sample to an emergency laboratory can be very expensive, especially at night and when
only few samples are to be analyzed, and (iii) self-testing of the patient is possible.

[0178] Available point-of-care methods methods for analysis of coagulation time have
the same limitations as the determination of aPTT in the laboratory. e.g., non-linear dose
response. low sensitivity, or high variation between samples and/or patients.

[0179] The methods and compositions of the present disclosure can be used in improved
assays for point-of-care analysis of samples. e.g., blood samples such as whole blood samples.
Thus, the present disclosure also includes a point-of-care hematological assay wherein the
activation mixture disclosed herein is positioned in one or more reaction locations in a test
apparatus and a sample of body fluid to be assayed (e.g.. whole blood, citrated blood, or plasma)
is contacted by the activation mixture.

[0180] As a specific aspect, the present disclosure provides a point-of-care device
designed to rapidly test for coagulation levels, e.g., levels of coagulation factor VIII (FVIII) or
factor IX (FIX) levels in hemophilia patients, from a finger stick blood sample by using raw
clotting times, wherein said point of care device uses a disposable sample holder (e.g., a
disposable strip) coated with a activation mixture comprising an activated coagulation factor and
a phospholipid mixture, and wherein said activation mixture is dried onto said disposable sample
holder.

[0181] The Standard FMS and Alternate FMS assays disclosed herein can be
implemented in point-of-care devices and used as a global hemostasis tests by using raw clotting

times (Ct) to determine individual pharmacokinetic parameters which in term can be used to
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decide treatment. Accordingly, the methods and composition disclosed herein can be applied w©
measure coagulation activity by implementing them in commercially available poivt-of-care self-
movdtoring devices, for example, FSTAT 1 (Abbott Point of Care); INRatio or INRatioZ PT INK
Monitors (Alere); RapidPoint (Bayer); Coag-Sense PT/INR Monitoring System (CoaguSense);
Actalyke Mini II, Actalyke XL, or Cascade POC (Helena Point of Care); Gem PCL Plus
(Instrumentation Laboratory); Hemochrom Response, Hemochron Signature Elite, Hemochron
Signature+, or ProTime Microcoagulation System (ITC); ACT Plus, or HMS Plus (Medtronic
Cardiac Surgery); CoaguCheck XS Pro PT, CoaguCheck XS PT, CoaguCheck Plus PT (Roche

Diagnostics); etc.

IV.  Factor VIII and Factor IX Pelypeptides

[0182] The methods and compositions provided in the present disclosure can be used in
assays to determine the activity of clotting factors, such as Factor VIII and Factor IX
polypeptides (including fragments, variants, derivatives, chimeric, and hybrid polypeptides). A
detailed description of Factor VIII and Factor IX polypeptides (including fragments, variants,
derivatives, chimeric and hybrid polypeptides) whose coagulating activity can be assessed by

using the methods and compositions of the present disclosure is provided below.

A. Factor VIII Polypeptides

{8183 "Factor VIIL" as used herein, means functional Factor VHE polypeptide in it
normal role in coagulation, unless otherwise specified.  Thus, the term Factor VI includes
variant polvpeptides that ave functional. Facion VT proteius include the human, poreine. canine.
and murine Factor VI proteins. The full length polypeptide and polvnucleotide sequences are
known, as are many functional fragments, mutants aud wodified versions. Examples of humarn
Factor VIII sequences are shown as subsequences in SEQ ID NOs: 2, 6, 8, 10, and 12 (Sequence
Table 2). Factor VI polvpeptides inclade, ¢ g, full-length Factor VI full-length Factor VIHI
mirus Met at the MN-termdnus, mature Factor VHI {minus the signal sequence), mature Factor VE
with an additional Met at the N-terminus, and/or Factor VI with a {ull or partial deletion of the
B domain. Factor VIII polypeptides include B domain deletions, whether partial or full deletions
or single chain FVIIL Factor VI can be made by recombinant means ("recombinant Factor
YU or TFVHE"), ie.. it e not natwrally scourring or derived from plasma.

[0184] "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
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by thrombin, e.g., residues Ser741-Arg1648 of tull length human Factor VIII. The other human
Factor VIII domains are defined by the following amino acid residues: Al, residues Alal-
Arg372; A2, residues Ser373-Arg740: A3, residues Ser1690-11€2032; Cl, residues Arg2033-
Asn2172: C2. residues Ser2173-Tyr2332. The A3-C1-C2 sequence includes residues Ser1690-
Tyr2332. The remaining sequence, residues Glul649-Argl689, 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).

[0185] 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
6,458,563, each of which is incorporated herein by reference in its entirety. In some aspects, a B
domain deleted Factor VIII sequence of the present disclosure 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 aspects, a B domain deleted Factor VIII of the present disclosure 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 aspects, 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 exampie 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 aspects, a B domain deleted Factor VII}
has a deletion of most of the B domain, but still contains amino-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, which is incorporated herein by reference
in its entirety. In some aspects, 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., er al. J.
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Biol. Chem. 265 (13): 7318-7323 (1990), incorporated herein by reference in its entirety. 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), incorporated herein
by reference in its entirety. Additional B domain deletions 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, er al. Biochemistry (1986) 25:8343-8347)), 741 through
1646 (Kaufman (PCT published application No. WO 87/04187)), 747-1560 (Sarver, ef 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 295597)), each of
which is incorporated herein by reference in its entirety.

[0186] In other aspects, 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 aspects, 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., ef al., Blood
103(a): 3412-3419 (2004). In still other aspects, 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..
Argl313 and Arg 1648). See Pipe, S.W., ef al., J. Thromb. Haemost. 9: 2235-2242 (2011). The
references are incorporated herein by reference, and each of the foregoing deletions can be made
in any Factor VIII sequence.

[0187) In certain aspects, 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 U.S. Provisional Application No.
61/668,889, filed July 6, 2012, which is incorporated herein by reference in its entirety. 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 sequence

containing R1645 and/or R1648 corresponding to full-length FVIII. For example, a single chain
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FVIH can cordain a deletion of amino acid positons 746 to 1649, 746 10 1652, 746 1o 1655, 738
to 1640, 758 to 1652, 738 to 1635, 765 10 1649, 765 10 1652, 765 ro 1655, 748 10 1658, 755 1o
1638, 762 to 1658, 760 to 1658, 776 to 1653, or 783 to 1638 corresponding 1o full-length FVHE
sequence. Additional examples can be found at ULS. Patent No. 7,041,633, filed January 3, 2003,
which is incorporated herein by reference in its entirety.

[9188] A great many functionat Factor VI variants are known, as §s discussed above and
below. fn addition, hundreds of nonfanctional mutations in Factor VI have been ideniitied iu
hemophilia patients, and it has been deterined that the effect of these nutations on Factor VII
function s due more to where they le within the 3-dimensional structure of Factor VHY than on
the nature of the substitution (Cutler ef of , Hum, Mutat, 19:274-8 (2002, incovporated herein by
reference in its entirety). o addition, comparisons between Factor VIl from hanraens and other
species have identified conserved residuss that are hikely to be requived for function {Cameron ¢
. Thromb. Haemost, 79:317-22 (1908}, US 6,251,637, tneorporated herein hy reference in its
entirety.

{BIR% The human Factor VII gene was isolated and expressed in manuualian cells
(Toole, 1. J.. et al., Nature 312:342-347 (1984}, Guschier, 1, ef «f, Nature 312:326-330 (1984
Wood, W. L, of af.. Watare 312:330-327 (1984, Vehar, G. AL ef al., Mature 312:337-341 (1984
W R7/04187, WO R&/OR03S5: WO §&/03558; U.S. Pat. No. 4.757.006). each of which is
incorporated herein by reference in its entirety, and the amino anid sequence was educed from
¢DNA. Capoun ef al, U.S. Pat. No. 4,965,199, incorporated herein by refersnce in its entuety,

discloses a recombinant DMNA method for producing Factor VII in mamroalian host cells and
purification of human Factor VHL Human Factor VI expression in CHO (Chinese hamster
ovary} cells and BHEC (baby bamster kidney cells) has bzep reported, Human Yactor VEH has
heen madified to delete part or all of the B domain (113, Pat, Nog. 4,994,371 and 4,868,112, each
of which s incorporated havein by reference in Us entirety ), and replacement of the buman Factor
Vi B domain with the human Factor V 8 domain has been performed (U8, Pat. Mo, 5,004,803,
jncorporated herein by reference in lts entirety). The ¢DNA sequence encoding human Factor
VI and predicted amiuo acid sequence are shown in SEQ ID NOw and 2. respectively. of US
Application Publ, No. 2005/0100990, tncorporated herein by reference in is stirety.

LH S 1.5, Pat. No. 5.%359.204, Lollar, J. S., incorporated herein by refevence in s

entirety. reports fusctional mntants of Factor VI having veduced antigenicity and reduced

immunoreactivity. U.S. Pat. No. 6,376,463, Lollar, J. S., incorporated herein by reference in its
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entirety. also reports mutants of Factor VIII having reduced immunoreactivity. US Application
Publ. No. 2005/0100990, Saenko et al., incorporated herein by reference in its entirety, reports
functional mutations in the A2 domain of Factor VIII.

[0191] 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, each of which is
incorporated herein by reference in its entirety.

[0192] The porcine Factor VIII sequence is published. (Toole, J. J., e al., Proc. Natl.
Acad. Sci. USA 83:5939-5942 (1986)). incorporated herein by reference in its entirety, and the
complete porcine cDNA sequence obtained from PCR amplification of factor VIII sequences
from a pig spleen cDNA library has been reported (Healey, . F., et al., Blood 88:4209-4214
(1996). incorporated herein by reference in its entirety). 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. incorporated
herein by reference in its entirety. More recently, the nucleotide and corresponding amino acid
sequences of the Al and A2 domains of porcine factor VIII and a chimeric Factor VIII with
porcine Al and/or A2 domains substituted for the corresponding human domains were reported
in WO 94/11503, incorporated herein by reference in its entirety. U.S. Pat. No. 5,859,204, Lollar,
J. S., also discloses the porcine cDNA and deduced amino acid sequences. 6,458,563,
incorporated herein by reference in its entirety assigned to Emory discloses a B-domain deleted
porcine Factor VIIL

[0193] 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
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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).

[0194] 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 [X Polypeptides

[0195] "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 [X
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.

[0196]) great many functional Factor IX variants are known. International publication
number WO 02/040544 A3, which is herein incorporated by reference in its entirety, 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, which is herein
incorporated by reference in its entirety, 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, which is herein incorporated by refersuce in its

entivety, discloses functional mutant Factor IX molecules that exhibit increased protein stability,
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increased fo vive and fn vitre halfelife, and increased resistance to proteases at page 4, fine Hio
page 19 line 11 WO 2007/149406 A2 also discloses chimeric and other variant Factor IX
molecules at page 19, line 12 10 page 20, line 9.

{6197} International publication number WO 08/118507 A2, which is herein incorporated
by reference in its entirety, discloses Factor §X mutants that exhibit increased clotting activity at
page 5, line 14 to page 6. line 5. International publication wumber WO 09/051717 AZ, which is
herein fncorporated by reference in its entivety, discloses Factor IX mutanis having an increased
number of N-linked and/or On-linked glycosylation sites, which results in an increased balf-life
and/or recovery at page 9, lne 11 o page 20, lne 2. Intornational publication wumber WO
09/137254 A2, which is herein incorporated by reference in its entirety, also discloses Factor 1X
mutanis with increased numbers of ghveosylation sites at page 2. paragraph {$06] to page S,
paragraph {0111 and page 16, paragraph [044] to page 24, parageaph {0571, International
poblication number WO 09/130198 AZ, which is herein Incorporated by reference it its entiraty,
discloses fanctional mutant Factor X molecules that have an increased number of glycosylation
sites, which result in an increased balf-life, at page 4. Hne 26 to page 12, Hue 6. International
publication number WO 09/140015 A2, which is herein incorporated by reference in s entirety,
discloses functioval Factor IX mutants that an increased number of Cye residues, which can be
ased for polvmer (e.g.. PEG) conjugaion, at page 11, paragraph {0043} to page 13, paragraph
FOOS3Y

{H194] {n addition, bundreds of non-functional mutations in Factor X have been

LA

ideutified in hemophilia patients. wmany of which are disclosed in Table 1. at pages 114 of
International publication number WO 09/137254 A2, which is herein incorporated by reference
in its entirety.  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.

{0199 The Factor IX (or Facior 1X portion of a chimeric polypeptide} can be at least
SO% or at least 9596 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 1o 415 of SEQ 1D
NO:14), or alterpatively, with a propeptide sequence, or with a propeptide and signal sequence
{full fength Factor X

{268 Factor IX coagulant activiry is expressed as International Unit(sy (U}, One TU of

Factor IX activity corvesponds approximately to the guantity of Factor IX in one miliiliter of
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normal human plasma, Several assays are available for measuring Factor IX activity, iocluding
the one stage elotiing assay (activated partial thromboplastin time; aPT), thrombin generation
time {TGA) and rotational thromboelastometry {_RO'I‘EZ?\A@}.
{8201] “Prrotein having FIX activity which is in its activated form,” or "activaied FIX
protein” means the activaled form of a comesponding FIX protetn/polypeptide.  The temn
"activated” fu connection with an activaied FIX protein/polypeptide is used according to M
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 a
pharmaceutical FIX polypeptide compositions, the activated form of the FIX polypeptide can be
considered an impurity.

C. Factor VIII and Factor [X Chimeric Polypeptides
[0202] "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.
[0203] In certain aspects, 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-lite 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),
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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 Fe, 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.

[0204] 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.

[0205] In some aspects, the chimeric polypeptide comprises a Factor VIII portion and a
non-Factor VIII portion. In some aspects, the chimeric polypeptide comprises a Factor 1X
portion and a non-Factor IX portion. Exemplary non-Factor VIII or non-Factor IX portions
include, e.g., Fc, and albumin. Exemplary chimeric polypeptides include, e.g., chimeric Factor
VIII-Fc polypeptides, chimeric Factor IX-Fc polypeptides, chimeric Factor VIII-albumin
polypeptides, and chimeric Factor IX-albumin polypeptides.

[0206] In some aspects, 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
VIil 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).
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[0207] Exemplary chimeric Factor VIII polypeptides include, e.g., chimeric Factor VIII-
Fc polypeptides. Fxeraplary chimeric Factor VIII-Fe 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 D 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).

[0208] Exemplary chimeric Factor IX polypeptides 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 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.

D. Factor VIII and Factor IX Hybrid Polypeptides
[0209] "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 polypeptide 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, W02005/001025, US Pat. No. 7,404,956, US Pat. No. 7.348,004, and
WO 2006/074199. each of which is incorporated herein by reference in its entirety. The second
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polypeptide can be a second copy of the same chimeric polypeptide or it can be a non-identical
chimeric polypeptide.

[0210] In some aspects, the second polypeptide is a polypeptide comprising an Fe. In
some aspects, 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 IgGl, 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 aspects, 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., Sequence Table 2 (SEQ ID NOs:14 and
4). See, e.g., US 7404956, which is incorporated herein by reference in its entirety.

[0211] 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 Table 2 with a signal sequence (amino acids -20 to 227 of SEQ ID NO:4).

[0212] 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. All patents and

publications referred to herein are expressly incorporated by reference in their entireties.

Examples
MATERIALS AND METHODS
Preparation of Test Strips (FVIII)
[0213] Disposable strips were the same type as currently used in Coag-Sense™ PT/INR

Monitoring System (CoaguSense, Inc, Fremont, California) without the Prothrombin Time
reagents added to the strip. Strips were coated with 1.25 uL of 80% of 0.1mg/mL purified Factor
iXa (obtained from Haematologic Technologies, Essex Juntion, Vermont) plus 20% phospholipid
vesicles prepared as described below. Strips were air dried in a dry 37°C incubator and

individually sealed in plastic pouches containing a desiccant.
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Preparation of Phospholipids

[0214] The strip for the Standard FMS Factor Vili assay used an equal mix of
Phospholipid Blend 2 and Phospholipid Blend 8. Phospholipid Blend 2 consisted of a
phosphatidylcholine (PC) and phosphatidylserine (PS) mixture at a 70:30 molar ratio (mol-%).
Phospholipid Blend 8 consisted of a PC, PS and phosphatidylglycerol (PG) mixture at a 80:10:10
molar ratio. Thus, the optimized ratio of PL on the Standard FMS Factor VIII assay strip
("standard strip") was 75:20:5 (PC:PS:PG).

[0215] To prepare phospholipid blends, a total of 2.6 pmoles of phospholipids dissolved
in chloroform was dispensed into a glass tube, where individual phospholipids were mixed at the
defined molar ratio (synthetic phospholipids can be obtained from Avanti Polar Lipids,
Alabaster, Alabama). The phospholipid mixture was dried in a fume hood under a gentle stream
of nitrogen or argon. When dry, phospholipid mixtures were dried in a speed-vac for an
additional 1 hour to overnight under high vacuum to remove any residual chloroform. 2.6 mL
Hepes Buffered Saline (10 mM HEPES pH 7.4 and 140 mM NaCl) at room temperature were
added to the dried-down phospholipid mixture until all the dried lipid suspension was re-
hydrated. The tube was incubated at 37°C and vortexed intermittently. The result was a milky,
uniform suspension. Small unilamellar vesicles were prepared by sonication for 7-10 minutes on
ice with one-minute gap intervals between the shocks. The residual large vesicles were removed

by filtering using 45-micron filters.

Test procedure

[0216] The test strip containing the dried activator mixture (FIXa/PL mixture) was pre-
warmed automatically after insertion into the measuring device. When the device was ready to
receive a sample, patient plasma or whole blood was recalcified with 0.3 volumes of 60 mM
CaCl, and 12 pL of the recalcified sample were immediately added to the well of the pre-warmed
test strip. Clot formation was initiated as the blood/plasma dissolved the dried activator on the
test strip. The device measured the time from initiation to formation of a clot with defined
characteristics. This time interval was referred to as clotting time (Ct). See, e.g., FIG. 3 for an
example of the application of the Standard FMS Factor VIII assay.

[0217] Further optimization of the FMS FVIII assay included ihe addition of trace

amounts of Factor VIII (approx. 1% of normal) to the dried activator mixture, which resulted in a
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base clot time, rather than “timing out” in the absence any clot formation in severely hemophilic
patient samples. Further optimization of the FMS FVIII assays will include adding CaCl, on the
dried test strip rather than off-strip recalcification of the sample.

[0218] Optimized FMS FVIII assay chemistry during the clot reaction can contain the
following reactants (i) 9.2 uL patient blood; (ii) 2.8 pL buffer; (iii) 14 mM CaCly; (iv) 21 pM
phospholipid mix (PC:PS:PG at 75:20:5); (v) 8.3 pg Factor IXa; and (vi) 24 pg Factor VIIL

FMS Factor IX assay

[0219] The FMS Factor IX assay (see, e.g., FIG. 4 for an example of the application of
the Standard FMS Factor IX assay) followed the same procedure as for Factor VIII, except that
(i) the activator mixture included on the test strip contains Factor XIa instead of Factor IXa (the
exact amount of Factor Xla needed varied depending on the specific activity of this reagent and
is titrated for optimal amount); and, (ii) trace amounts of Factor IX could optionally be added to
the strip to achieve a base clotting time to improve responsiveness to small amounts of Factor IX

in the patient sample.

Example 1: Standard Factor Monitoring System (FMS) Assay
[0220] Both Standard FMS assays (Standard FMS Factor VIII assay and Standard FMS
Factor IX assay) were initiated by the application of 12 pL of recalcitied patient plasma directly
to the test bed, a disposable test strip containing activated coagulation factor-phospholipid
complex. On this test bed. utilizing linear log-log curve fitting of concentration versus clotting
time, both Standard FMS assays performed well when an individual Hemophilia A or

Hemophilia B donor plasma was spiked with either rFVIIIFc or rFIXFc, respectively (TABLE
1).

TABLE 1: Application of Standard FMS Factor VIII and Factor IX assays to Hemophilia

Standard ¥MS Standard FMS
5 Factor VIII Assay Factor IX Assay
Assay Range (IU/dL) ©0.8-100 T 0.2-100
é“‘l};‘é‘éii}ﬁé"y'"'(:%"Spike Recovery) +-10% I/T61—
Breeion Br Gy T 5
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Example 2: Sensitivity of the Standard FMS assay to
Individual Phenotypic Variability

[0221] The disclosed "Standard FMS" assay system utilized undiluted patient plasma,
thus, it was more analogous to an aPTT assay than to the one-stage factor assay. In the laboratory
aPTT assay, one part undiluted patient plasma is generally combined with equal parts of liquid
aPTT reagent and of CaCly solution. In contrast, in the one-stage assay, one part diluted (1:5)
patient plasma is generally combined with one part factor deficient plasma, one part aPTT
reagent, and one part CaCl. Because of this dilution of patient plasma with factor deficient
plasma. the one stage factor assay largely masks inter-subject variability that can occur as a result
of variable levels of non-target coagulation factors (TABLE 2).

TABLE 2: Hemophilia Donor Phenotypic Variability

Vill Deficient Plasma Samples
_Sample _PT (sec) APTT fsec} Fib, (mg/dL) % fl %V %V %Vill %IX %X % X\ %Xl
HRF 11P2F8 11.1 104.8 293 85 86 80 <1 86 107 79 85
HRF 11P3F8 11.2 > 400 353 82 76 95 <1 98 95 82 87
GK 892-2086 11.6 103.0 248 78 67 81 <1 76 93 80 126
HRF 10-389 11.2 117.2 276 78 94 72 <1 74 93 62 80
HRF 10-1081 10.8 > 400 334 89 116 80 <1 113 122 100 92
BD-001 11.0 70.2 293 In89 92 75 2.2 90 97 90 121
BD1-002 11.3 111.3 345 92 90 55 <1 120 125 99 120
BD1-005 10.4 91.4 342 99 98 84 <1 128 132 115 105
BD-00X 10.7 76.3 236 94 75 91 <1 102 101 83 85

IX Deficient Plasma Samgzles

““““ Sample  PT(sec) APTT (sec) Fib. (mg/dL) %N %V ___ %VN %V %X %X . .%X__ %XI_
HRF11P1F9 12,0 105.6 383 85 111 57 91 2 114 94 110
HRF09-860  12.9 826 226 89 88 43 63 2 115 80 77
HRF11-019 117 106.8 387 82 111 60 101 2 114 105 113

GK 929-2074 11.8 113.1 357 85 113 58 94 2 117 97 105

GK 939-2054  12.1 97.8 257 89 96 53 72 2 130 79 89

[0222] Chromogenic based Factor VIII and Factor IX assays are also insensitive to non-

target coagulation factors because of the large sample dilutions and physiologically irrelevant
concentrations of added coagulation factors and inhibitors.
[0223] To assess the sensitivity of the Standard FMS assay to individual phenotypic

variability. four plasma samples collected from individual hemophilia A (HemA) donors after 5
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day washout period (essentially 0% Factor VIII, confirmed by in-house assays) were spiked at 6
levels of rEVIIIFc (100%, 50%, 25%, 12.5%, 6.3%, 3.1%) and the clotting time was determined
using the Standard FMS Factor VIII assay. The Standard FMS assay was applied using no
equilibrating factors, and activation mixture comprising FIXa and Phospholipid Blend 2 (FIG.
SA) or Phospholipid Blend 8 (FIG. 5B). Although log-linear plots of rFVIIIFc concentration
versus clot time for the 4 individuals displayed the same assay range and sensitivity, each of the

individuals displayed a unique dose response to added rFV.IIFc.

Example 3: Alternate FMS Assay

[0224] To eliminate the observed phenotypic variability, several modifications to the
Standard FMS methodology were investigated. Substitution of less sensitive phospholipid blends
was able to reduce phenotypic variability. Adding a variety of purified coagulation factors, e.g..
Factors II, VII, VIII, IX, X, XI, XII, XIL, fibrinogen, vVWF and Tissue Factor. and inhibitors,
e.g., CTI, aprotinin. e-aminocaproic acid (EACA), D-Phenylalanyl-1-prolyl-i-arginine
chloromethyl ketone-Factor VIla (FPRCK-FVIIa), or anti-F'VIII monoclonal antibodies, also was
able to reduce phenotypic variability.

[0225] A variant of the Standard FMS was developed. This variant, referred to as the
"Alternate FMS" assay throughout the instant disclosure was essentially designed as a hybrid
between the "Standard FMS" assay and a one stage coagulation factor assay. The Alternate FMS
assay also utilized an activation mixture comprising activated coagulation factor (FIXa or FXla)
combined with a phospholipid vesicle preparation and dried on the solid substrate (e.g., a
disposable test strip). In the plasma based Alternate FMS assay (see FIGS. 6A and 6B). one part
hemophilia plasma spiked with either rFVIIIFc or rFIXFc was mixed with three parts of a
substrate plasma that had been depleted of the assay target factor. In this manner, the variability
of non-target plasma components was normalized by addition of the substrate plasma.

[0226] This combination of hemophilia plasma and substrate plasma was done in an all-
liquid system resulting in a four-fold dilution of the hemophilia test plasma, thus increasing the

lower level of detection.

TABLE 3: Range, average precision and accuracy data for Alternate FMS tactor VIII and
Factor IX Assays

ﬁﬁww N [P v
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R AT U TR YT i
. Average Precision (%"C“V) 1.8% T 1.0%
- Accuracy (% Spike Recovery) +-102 VA P
[0227] It is anticipated that preparing a dry substrate plasma format will significantly

improve the lower level of detection, since the target analyte will be four-fold higher than in the

current format.

Example 4: Evaluation of Inter-Subject Variability Using the Alternate FMS

Assay

[0228] To evaluate the ability of the Alternate FMS assay format to decrease inter-subject
varjability, 14 hemophilia A and 9 hemophilia B plasma samples were procured to conduct spike
recovery studies. Plasma samples were obtained from 4 different vendors, collected by 3
different methodologies on 3 different anticoagulants. Plasma samples included immunodepleted
as well as congenital hemophilia plasma. Plasma samples were also subjected to different storage
conditions as well as freeze thaw cycles. The effect of a single plasma freeze thaw cycle on
Alternate FMS assay performance is shown in FIGS. 7A (Alternate FMS Factor IX assay) and
7B (Alternate FMS Factor VIII assay).

[0229] In each case, samples contained 12 pL of re-calcified plasma mixed 1:3 with
substrate plasma (Factor IX deficient plasma supplemented with defined levels of rFIXFc in the
Alternate FMS Factor IX assay; and Factor VIII deficient plasma supplemented with defined
levels of rFVIIIFc in the Alternate FMS Factor VIII assay). The results of the spike recovery
studies are summarized in FIGS. 8A and 8B.

[0230] The samples presented in FIG. 8A were citrated plasma samples collected from 14
hemophilia A donors (assumed <1% Factor VIII). Plasma samples were collected at 3 sites, using
3 different methodologies and spiked with varying levels of rFVIIIFc. Each of these samples
was also assayed on a laboratory reference system (MLA-1000 Coagulation Analyzer) utilizing
the manufacturer's suggested reagents and calibration standard plasma traceable to the
appropriate WHO standard. For hemophilia A plasmas spiked with rFVIIIFc, the theoretical
values (assuming Factor VIII plasma levels supplied by vendors) were not in good agreement

with values determined on the MLA. This could be related to sample quality issues, errors in the
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MLA assay, or errors in stock Factor VIII concentrations. For this reason, spike recovery assays
for Alternate FMS Factor VIII assay in FIG. 8A were plotted as MLA value vs. Alternate FMS
Factor VIII assay value (FIG. 8A). The dashed lines on the graph represented +/- 20% of the
MELA determined Factor VII level. The average OV for all the Alteraate FMS Facior VI
assays performed on the 14 hemophilia A donovs was 3.1

{3231] The samples presenied in FIG. 88 were citrated plasiwa samples collected from 9

hemophilia B donors (8 dornors were <% Factor 1X; 1 donor was ~34% Factor 1X). Plasma
samples were collected at 3 sites, using 3 different methodologies and spiked with varying levels
of rfFINFe. Each of these samples was also assaved on a laboratory referencs sysiern (MLA-1G00
Coagulation Analvzer) utilizing the manufacturer’s suggested reagents and calibration standard
plasioa traceable to the appropriate WHO standard. Factor IX values and MLA values were in
good agreement. Assuming the MLA value was the "true value” a plot was constructed of MLA
factor concentraion versus Alternate FMS Factor IN assay concentrations (FIG, 8B The
dashied lines on the graph represented +/~ 2096 of the MLA determined Factor 1X level. The
average CV for the 64 determinations on 8 different instruments was 3.1% (range 0-10.2%;),
There was no apparent bias over the range of Factor IX concentrations (1.5-12.5 TU/dL) tested.

{2321 Assuming that the concentration deterroined by the MLA assay was the true valug,
then 61% of the Alternate PMS Factor VI determinations and 73% of the Altervate FMS Factor
IX determinations were within a +/- 20% accuracy range. The average spile recovery for the
Alternate FMS Factor VT assay was +/~ 21% (Range 0.8-51%; and for the Alternate MO
Factor IX assay it was +/- 23% (Range 0.3 - 98%).  Assay pecformance was reruarkable
considering the non-ideal nature of the frozen plasma samples, uncertainties surrounding stock
concertrations of yFVIT and «FIX products, not yet optimized test bed parameters, manual solid

substrate production, and non-standardized "off the shelf" critical raw materials,

Example 5: Adaptation of Alternate FMS Assay to Whole Blood Samples
[0233] The feasibility of adapting these Alternate FMS assays to whole blood was
examined in normal donors and iz hemophilia A (n=4) (results shown in Example 5.1) and
hemophilia B (n=1) subjects (results shown in Example 5.2).
[0234] The experimental protocol was similar for each round of testing using Alternate
FMS Factor VIII and Factor IX assays. In both cases, subjects were asked to suspend factor

replacement therapy for a minimum of 4 days prior to the test date. Citrated venous whole blood
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and fingerstick whole blood samples were collected prior to patient self-administration of their
individual routine replacement therapy. A second set of citrated venous whole blood and
fingerstick whole blood samples were collected and tested 20-40 minutes post infusion.
Fingerstick samples. pre and post infusion were applied directly to the FMS test bed (solid
substrate containing activation mixture). Aliquots of pre-infusion citrated venous blood samples
were spiked with varying levels of the appropriate drug product (either rFVIIIFc or rFIXFc) and

then assayed using the Alternate FMS assay. Samples were also tested on the MLA system.

Example 5.1.: Adaptation of Alternate FMS Factor VIII Assay to Whole

Blood Samples

[0235] The Alternate FMS Factor VIII assay was applied to six hemophilia A subjects.
The results of the last 2 test events are summarized in FIGS. 9-14 and TABLES 4 and 5. A direct
comparison of the data in FIGS. 9-12 and FIG. 14 test data cannot be made owing to reagent lot
changes. The major goal of the testing was to determine the feasibility of the Alternate FMS
assay to mute the inter-subject variability inherent in the Standard FMS assay in whole blood
samples from hemophilia A donors as it did in frozen plasma samples.

[0236] FIGS. 9A and 9B summarize an experiment in which citrated venous and
fingerstick whole blood samples were collected from 2 hemophilia A subjects 5 days pre and
post infusion treatment with factor replacement therapy. Samples were spiked with increasing
concentrations (0 TU/d] to 200 IU/dL) of rFVIIIFc and tested utilizing the Standard FMS standard
and Alternate FMS assays. Assuming both subjects’ baseline FVIII values were 0 IU/dL, then
the 2 hemophilia A subjects displayed disparate dose response in the Standard FMS assay. This
was likely due to inter-subject variability in coagulation factors other than FVIII or to cellular
components. When these same samples were run using the Alternate FMS assay, both subjects
displayed similar concentration dependent clot times over the range of 1.5-200 IU/dL rFVIIIFc.
[0237] Each of the venous whole blood samples from the spike experiments described
above was centrifuged to prepare plasma samples. The frozen plasma retentions were
subsequently assayed on the MLA system (FIGS. 10A, 10B and 10C), using the Standard FMS
Factor VIII assay (FIGS. 11A and 11B), and using the Alternate FMS Factor VIII assay (FIGS.
12A and 12B) to ascertain the relationship between FMS whole blood clot times versus plasma
clot times. The trends in dose response for plasma samples mirrored those of venous whole blood

samples (see FIG. 13) indicating a correlation that can be exploited for calibration purposes.
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Example 5.2: Application of the Alternate FMS Factor VIII Assay to
Citrated and Non-Citrated Whole Blood Samples

[0238] Since the ultimate goal for the FMS assays was to use fingerstick whole blood that
was not citrate anticoagulated, a comparison between citrated venous blood, citrated plasma and
non-citrated fingerstick blood was performed in parallel to the previously described experiment.
The results of this comparison are summarized in TABLE 4. Fingerstick whole blood samples
displayed concentration-dependent clotting analogous to venous blood and plasma samples in

both the Standard and the Alternate FMS methods.

TABLE 4: FMS FVIII Assays - Plasma/Venous/Fingerstick Blood Sampling Correlation

Standard FMS | Alternate FMS

Factor VIII Assay Factor VIII Assay

DONORID 1003 005 003 005

PreDose (<I% FvVI) | Giot Time (seconds) ™

s T T ST T 112?
Pt 555 T e 5

T T ST 1026W1049

Venous +100% rFVIII-Fc Spike 61.5 5507 778 T 7637

 Plasma + 100% rFVIII-Fe Spike 458 465 | 644 64

: PostDose e {665 FVIID) 5 S
Go— = ey - G : 6
FmeTTTT % T i S5
T 55 N S— e S5y 55

ND=Not determined

[0239] Two additional Hemophilia A donors were tested using essentially the same
protocol with the following changes: (i) testing focused mainly on the Alternate FMS assay, (ii)
new lots of strips and raw materials, including substrate plasma. were used in this testing, and
(iii) a modified fingerstick protocol using a high flow pediatric lancet was employed. Also,
plasma samples separated from the citrated venous blood were assayed prior to freezing and

retesting. Samples were spiked with increasing levels (0.8-200 IU/dL) rFVIIIFc prior to assay.
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[0240] The results of this second round of testing are displayed in FIGS. 14A and 14B,
and TABLE 5. General assay performance was improved in these tests compared with the results

from the previous round of testing shown in TABLE 4.

TABLE 5: Alternate FMS Factor VIII Assay - Plasma/Venous/Fingerstick Blood
Sampling Correlation

Alternate Method |
BONGR B0 T i
Pre-Dose Sampleé """""""""""""" CLOT TIME (seconds) |
G =566 e Toi—
e T >3OO ST
T T 366
Venous + 100% rFVII -Fc Spike | 567 574
“Plasma + 100% rEVIII-Fc Spike 60.0 57.9
Post Dose Samples o
T Ty Y R |
T Fingerstick Blood  Drop 1 | 53.6 551
Drop 2 57.7 61.7
e 585 <5
[0241] Results indicated that, in the current format, the useful range for the Alternate

FMS Factor VIII assay in venous blood is 1.5 TU/dL-200 TU/dL. The average CV for all of these
determinations (n=17) was 2.1% (range 0.3—4.8) with no trend in CV with level of FVIIL As it
was designed to do, the Alternate FMS Factor VIII assay displayed minimized intersubject
variability thought to result from natural variations in non-Factor VIII effectors.

[0242] It is anticipated that optimization of instrument parameters to improve clot
detection at the lower (<1%) range will expand the useful range of the assay to <0.5 TU/dL.
Limited data on fingerstick whole blood indicated a good correlation to citrated whole blood and
plasma. Experiments that follow temporal FMS fingerstick assays on post factor replacement

therapy will be used to explore useful range for this format.
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Example 5.3.: Adaptation of Alternate FMS Factor IX Assay to Whole

Blood Samples
[0243] The utility of the Alternate FMS Factor 1X assay in whole blood samples was

demonstrated by performing experiments analogous to those described for Factor VIII on a Hem
B subject. The Hem B subject suspended Factor IX replacement therapy for 4 days prior to the
test date. Citrated venous whole blood, citrated plasma, and fingerstick whole blood samples
were collected pre- and post-self administration of the subject’s routine Factor IX replacement
therapy.

[0244] Aliquots of pre-infusion venous blood were spiked with increasing levels of
riIXFc (0- 200IU/dL) for use in constructing dose-response curves using the Alternate FMS
Factor IX assay. Plasma samples separated from these samples were assayed fresh using the
Alternate FMS IX assay. Frozen retentions were subsequently assayed using the Alternate FMS
Factor IX assay and the MLA reference system. The results from these experiments are
summarized in FIGS. 15A and 15B, and TABLE 6. The average CV for the 44 determinations
performed on 8 random instruments was 1.7%. The range of CV values (0-5.8%) did not appear
correlated to Factor 1X levels.

[0245] The potential range in whole blood as demonstrated by the venous blood dose-
response curves was 0.4 TU/dL — 100 IU/dL with an average CV of 1.8%. Again, CVs were not

significantly different over the entire range of the assay.

TABLE 6: Alternate FMS Factor IX Assay - Plasma/Venous/Fingerstick Blood Sampling

Correlation

" Alternate Method

Factor IX Assay

"DONOR ID U BD2-002

............. eeeaee

Pre-Dose Samples Clot Time (seconds)

Venous Blood : 90.4

Plasma 107.6
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Venous + 100% rFVIII-Fc Spike 522
Plasma + 100% rFVIi-Fc Spike 53.8
Post Dose Samples

Venous Blood 54.1

\...........“ .................... 62.8 ....................
Fingerstick Blood

) Plasma, Neat 63.4

Example 6: Evaluation of Instrument-to-Instrument Variability

[0246] This experiment used 8 instruments in random order for 64 determinations using
the Hem A samples used in Example 4. Instrument to instrument variability was evaluated by
assaying a single Factor VIII deficient plasma sample spiked to 100% and 3% rFVIIIFc in
duplicate on 16 research instruments (FIG. 16). The observed CV values for the 100% spike
(1.7%) and the observed CV value for the 3% spike (3.8%) were exceptional in light of the fact

that no tuning was done on those instruments and the results included inter-instrument results.

Example 7: Factor Monitoring vs. PK Determination
vs. Global Hemostasis Test

[0247] Accurate clotting factor level determination in patients is a technical challenge.
Several approaches can be use, e.g., factor monitoring, pharmacokinetics (PK) determination, or
using a global hemostasis test.

[0248] Factor monitoring can be accomplished by routine measurement of Factor VIII or
Factor IX levels by finger stick at treatment center and/or at the patient’s home. This approach
has some advantages, e.g.. it can be used for determining "traditional” PK (recovery, clearance,
terminal t%, etc.), it allows long-term use by the patient or caregiver to evaluate coverage at any
given time, patients and health care providers are familiar with the concept of using tactor levels
for dosing (or the concept is easy to adopt), and it can be used for any current Factor VIII or

Factor IX products anywhere ("lab access" in developing countiies, diagnostic tool). The main
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drawback of this approach is that it requires high accuracy and precision. which makes it the
most technically challenging approach. This is due, among other factor, to high inter-patient
variability of coagulation time at equivalent factor levels, which needs to be "equilibrated" or
alternatively can require one-time patient-specific calibration (e.g.. single lab measurement
during training visit).

[0249] If using PK determination, the readout is clot time only; thus, it does not provide
actual clotting factor levels. The main advantages of this approach are that it requires precision
only, since accuracy for factor levels is not needed, and no patient-specific calibration needed. In
general, home-use with 53-8 measurements is likely to provide more accurate PK than 1-2
laboratory tests. This approach is also less technically challenging than factor monitoring because
inter-patient variability in coagulation is not relevant for calculation of terminal t/. high
precision and linearity of dose response have been shown for plasma, and proof of Concept for
device chemistry has been achieved. The main drawbacks of this approach are (i) lack of
transparency for dose determination based on clot time, and (ii) long-term use by subject requires
adoption of "global hemostasis" concepts, e.g., "Minimal clot time needed for individual
hemostasis” (however, these concepts can be intuitive: "If your blood does not clot in 90 sec, you

need more factor").

Determining Factor Level from Clot Time (Ct)
[0250] FIG. 17 exemplifies the use of clotting time measurements from FMS assays to
determine factor levels. FMS assay results showed a linear relationship between Ct and factor

levels, which can be represented according to Equation 1:

Ct= A x Ln(%Factor) + B [Equation 1]

where the slope A was similar for all patients, at the offset B was due to patient-specific global
coagulation differences.

[0251] It is possible to optimize the chemistry of the FMS assay (e.g., test strip design) to
eliminate B, so there is no patient-specific offset. This approach can be used to design "ready to
use" factor monitoring devices that do not require patient-specific calibration. Alternatively, the
factor monitoring device can be customized for each patient by calculating B for each patient and

configuring the monitoring device accordingly.
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Determining Dosing Regimen based on Clot Time (Ct)

[0252] FIG. 18 exemplifies how dosage regimens can be determined based on clotting
time (Ct) determined using an FMS assay and data from population modeling, e.g., based on the
A-LONG rFVIIFc clinical trial (ClinicalTrials.gov Identifier NCT01181128) or the B-LONG
rFIXFc clinical trial (ClinicalTrials.gov Identifier NCT01027364).

[0253] Half-life (HL) in terminal phase of PK can be determined according to the

following set of equations:

Cty= A Lol + B {from Eguation 1}
Ot = A T Ln(%Fy + B [frow Equation 1]
HL =-0.693 * (T>-T,)/ Ln(%F, / %F») [Equation 3]
hence:

HL =-0.693 “(T,-T1) Y A/ (Ct; — Cty) [Equation 4]

where A is the slope, a device-specific parameter which would be the same for all patients. Note
that the "offset" (B) becomes irrelevant, ie., inter-patient differences in global coagulation do not
affect terminal halt-life.

[0254] Population modeling based on clinical trials can be used to calculate product-
specific in vivo recovery and o-phase half-life (distribution phase half-life), which in turn can be
used to calculate “time to trough.” FMS assay derived patient-specific half-life values and "time

to trough" values can in turn be used to calculate patient-specific dose and dose interval.

Global Hemostasis Test based on FMS Assay

[0255] The FMS assays described above have been used to develop a global hemostasis
test. The FMS assays disclosed herein measure an individual’s overall clotting potential at any
given level of coagulation factor. Proof of concept, sensitivity and range of the FMS assays have
been established as shown in the examples above. Furthermore, no external dilution is performed

as there is no need to equilibrate patient-specific differences.
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[0256] As shown above in Equation 3, an increase in Ct as clotting factor is cleared over
time correlates with terminal half-life (HL). Individual clot time at trough (Ctyougn) is a critical
parameter to establish in each patient. With known patient-specific HL and Ctyougn, the "time to
trough" (T) after any measured Ct is then predictable and can be calculated according to the

following formula:

T=-1.44x HL/ (Ax (Ctmeasured — Cttrough) [Equation 5]

The time to trough (T) would correspond to the time to the next dose.

Conclusions

[0257] If the primary purpose of the application of the FMS assay is to define the initial
dosing regimen, a precise readout of clot time is sufficient. There is no need for accuracy or
patient-specific calibration for terminal t2. To determine other PK parameters (e.g., recovery
and clearance) in individual patients, accurate factor levels are required. however.

[0258] "Minimal clot time needed for hemostasis" can be an important biomarker for the
individual patient. Once the FMS assay has been applied to measure (i) individual Ct at trough
and (i) change in Ct over time (i.e., individual terminal PK), estimating the "time to trough"
(time to next dose) based on a single Ct measurement is expected to be very accurate.

[0259] It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections, is intended to be used to interpret the claims. The Summary and Abstract
sections can set forth one or more but not all exemplary aspects of the present invention as
contemplated by the inventor(s), and thus, are not intended to limit the present invention and the
appended claims in any way.

[0260] The present invention has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.

[0261] The foregoing description of the specific aspects will so fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the art, readily

modify and/or adapt for various applications such specific aspects, without undue
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experimentation, without departing from the general concept of the present invention. Therefore,
such adaptations and modifications are intended to be within the meaning and range of
equivalents of the disclosed aspects, based on the teaching and guidance presented herein. It is to
be understood that the phraseology or terminology herein is for the purpose of description and
not of limitation, such that the terminology or phraseology of the present specification is to be
interpreted by the skilled artisan in light of the teachings and guidance.

[0262] The breadth and scope of the present invention should not be limited by any of the

above-described exemplary aspects, but should be defined only in accordance with the following

claims and their equivalents.
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SEQUENCE TABRLE ©: Polynucleotide Sequences: FIX-Fc

A. B-Domain Deleted FVIIHFc

A(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)

ggtgcagtggaactgtcatgggactatatgcaaagtgatctecggtgagetgectgtggacgcaagatttectectaga
gtgccaaaatcttttccattcaacacctcagtecgtgtacaaaaagactctgtttgtagaattcacggatcacctttte
aacatcgctaagccaaggccaccctggatgggtetgectaggtcecctaccatccaggectgaggtttatgatacagtggtec
attacacttaagaacatggcttcccatcetgtcagtcttcatgetgttggtgtatectactggaaagettetgaggga
gctgaatatgatgatcagaccagtcaaagggagaaagaagatgataaagtcttccctggtggaagecatacatatgte
tggcaggtcctgaaagagaatggtccaatggcctcetgacccactgtgecttacctactecatatctttetecatgtggac
ctggtaaaagacttgaattcaggcctcattggagecectactagtatgtagagaagggagtctggccaaggaaaagaca
cagaccttgcacaaatttatactactttttgctgtatttgatgaagggaaaagttggcactcagaaacaaagaactcc
ttgatgcaggatagggatgctgcatectgetcgggectggectaaaatgcacacagtcaatggttatgtaaacaggtet
ctgccaggtctgattggatgeccacaggaaatcagtctattggcatgtgattggaatgggcaccactectgaagtgcac
tcaatattcctcgaaggtcacacatttcttgtgaggaaccatcgeccaggcgtecttggaaatctegecaataacttte
cttactgctcaaacactcttgatggaccttggacagtttctactgttttgtcatatctectteccaccaacatgatggce
atggaagcttatgtcaaagtagacagctgtccagaggaaccccaactacgaatgaaaaataatgaagaagcggaagac
tatgatgatgatcttactgattctgaaatggatgtggtcaggtttgatgatgacaactctecttectttatccaaatt
cgctcagttgccaagaagcatcctaaaacttgggtacattacattgctgctgaagaggaggactgggactatgetece
ttagtcctcgcccccgatgacagaagttataaaagtcaatatttgaacaatggecctcageggattggtaggaagtac
aaaaaagtccgatttatggcatacacagatgaaacctttaagactcgtgaagctattcagcatgaatcaggaatettg
ggacctttactttatggggaagttggagacacactgttgattatatttaagaatcaagcaagcagaccatataacatc
taccctcacggaatcactgatgtccgtectttgtattcaaggagattaccaaaaggtgtaaaacatttgaaggatttte
ccaattctgccaggagaaatattcaaatataaatggacagtgactgtagaagatgggccaactaaatcagatcctcegg
tgcctgacccgcetattactectagtttegttaatatggagagagatctagettcaggactecattggecetetectecate
tgctacaaagaatctgtagatcaaagaggaaaccagataatgtcagacaagaggaatgtcatcctgttttetgtattt
gatgagaaccgaagctggtacctcacagagaatatacaacgctttctcecccaatccagetggagtgeagettgaggat
ccagagttccaagcectccaacatcatgcacagcatcaatggetatgtttttgatagtttgecagttgtcagtttgtttg
catgaggtggcatactggtacattctaagcattggagcacagactgacttectttetgtettettctetggatatace
ttcaaacacaaaatggtctatgaagacacactcaccctattcccattctcaggagaaactgtcttcatgtegatggaa
aacccaggtctatggattctggggtgccacaactcagactttcggaacagaggcatgaccgecttactgaaggtttct
agttgtgacaagaacactggtgattattacgaggacagttatgaagatatttcagcatacttgctgagtaaaaacaat
gccattgaaccaagaagcttctectcaaaacccaccagtcttgaaacgeccatcaacgggaaataactegtactactett
cagtcagatcaagaggaaattgactatgatgataccatatcagttgaaatgaagaaggaagattttgacatttatgat
gaggatgaaaatcagagcccccgcagetttcaaaagaaaacacgacactattttattgetgcagtggagaggetctgg
gattatgggatgagtagctcceccacatgttctaagaaacagggctcagagtggcagtgtceectcagttcaagaaagtt
gttttccaggaatttactgatggctectttactcagceccttatacegtggagaactaaatgaacatttgggactcctg
gggccatatataagagcagaagttgaagataatatcatggtaactttcagaaatcaggectctegtecctattectee
tattctagccttatttcttatgaggaagatcagaggcaaggagcagaacctagaaaaaactttgtcaagecctaatgaa
accaaaacttacttttggaaagtgcaacatcatatggcacccactaaagatgagtttgactgcaaagectgggettat
ttctcotgatgttgacctggaaaaagatgtgcactcaggcctgattggaccccttetggtetgecacactaacacactg
aaccctgctcatgggagacaagtgacagtacaggaatttgctctgtttttcaccatcetttgatgagaccaaaagetgg
tacttcactgaaaatatggaaagaaactgcagggctccctgcaatatccagatggaagatccecacttttaaagagaat
tatcgctteccatgcaatcaatggctacataatggatacactacctggcettagtaatggctcaggatcaaaggattcga
tggtatctgctcagcatgggcagcaatgaaaacatccattctattcatttcagtggacatgtgttcactgtacgaaaa
aaagaggagtataaaatggcactgtacaatctctatccaggtgtttttgagacagtggaaatgttaccatccaaagct
ggaatttggcgggtggaatgccttattggegagcatctacatgectgggatgagcacactttttetggtgtacagecaat
aagtgtcagactcccctgggaatggcecttectggacacattagagattttcagattacagecttcaggacaatatggacag
tgggccccaaagectggccagacttcattattceggatcaatcaatgectggagecaccaaggageccttttettggate
aaggtggatctgttggcaccaatgattattcacggcatcaagacccagggtgcecgtcagaagttetecagectctac
atctctcagtttatcatcatgtatagtcttgatgggaagaagtggcagacttatcgaggaaattccactggaacctta
atggtcttectttggecaatgtggattcatctgggataaaacacaatatttttaacceteccaattattgetcegatacatce
cgtttgcacccaactcattatagcattcgcagcactcttcgcatggagttgatgggctgtgatttaaatagttgcagc
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atgccattgggaatggagagtaaagcaatatcagatgcacagattactgcttcatcectactttaccaatatgtttgec
acctggtctccttcaaaagetcgacttcacctccaagggaggagtaatgectggagacctcaggtgaataatccaaaa
gagtggctgcaagtggacttccagaagacaatgaaagtcacaggagtaactactcagggagtaaaatctetgettace
agcatgtatgtgaaggagttcctcatcteccagcagtcaagatggecatcagtggactctettttttcagaatggcaaa
gtaaaggtttttcagggaaatcaagactccttcacacctgtggtgaactctctagacccaccgttactgactcgctac
cttcgaattcacccccagagttgggtgcaccagattgecctgaggatggaggttetgggetgegaggcacaggaccte
tacgacaaaactcacacatgcccaccgtgeccageteccagaactectgggeggacegtecagtettectetteccecca
aaacccaaggacaccctcatgatcteccggaccectgaggtecacatgegtggtggtggacgtgagecacgaagacect
gaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgeccaagacaaageegegggaggagcagtacaac
agcacgtaccegtgtggtcagegtectcaccgtectgecaccaggactggetgaatggcaaggagtacaagtgeaaggte
tccaacaaagcccteccagcceccatecgagaaaaccatctecaaagecaaagggcageccegagaaccacaggtgtac
accctgcccccateccegggatgagetgaccaagaaccaggtecagectgacctgectggtecaaaggettetateccage
gacatcgccgtggagtgggagagcaatgggcageccggagaacaactacaagaccacgecteccgtgttggactecgac
ggctcettettectetacagcaagectcacegtggacaagagcaggtggecagcaggggaacgtettetecatgetecgtg
atgcatgaggctctgcacaaccactacacgcagaagagcctctecctgtetecgggtaaa

A(ii). Fc DNA sequence (mouse Igk signal peptide underlined) (SEQ D NO:3, which encodes
SEQ ID NO:4)

ccaccgtgcccagcacctgaactcectgggaggaccgtcagtcttectetteccecccaaaacccaaggacacccteatg
atctcccggaccectgaggtcacatgegtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtac
gtggacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcecagtacaacagcacgtaccgtgtggtcage
gtcctcaccgtectgecaccaggactggetgaatggcaaggagtacaagtgeaaggtetecaacaaagecectceccagec
cccatcgagaaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgcgat
gagctgaccaagaaccaggtcagcctgacctgectggtcaaaggcttetatecccagegacategeegtggagtgggag
agcaatgggcagccggagaacaactacaagaccacgcctcecgtgttggactecegacggctecttettectectacage
aagctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgectecgtgatgecatgaggetectgecacaac
cactacacgcagaagagcctctcecctgtcectecgggtaaa

B. Full Length FVIIIFc

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

ggtgcagtggaactgtcatgggactatatgcaaagtgatcteggtgagetgectgtggacgcaagatttectectaga
gtgccaaaatcttttccattcaacacctcagtcgtgtacaaaaagactctgtttgtagaattcacggatcaccttttc
aacatcgctaagccaaggccaccctggatgggtctgetaggtectaccateccaggetgaggtttatgatacagtggtc
attacacttaagaacatggcttcccatcecctgtcagtecttcatgetgttggtgtatcctactggaaagcttctgaggga
gctgaatatgatgatcagaccagtcaaagggagaaagaagatgataaagtcttceectggtggaagecatacatatgte
tggcaggtcctgaaagagaatggtccaatggectctgacccactgtgecttacctactecatatetttctcatgtggac
ctggtaaaagacttgaattcaggcctcattggagccctactagtatgtagagaagggagtctggccaaggaaaagaca
cagaccttgcacaaatttatactactttttgctgtatttgatgaagggaaaagttggcactcagaaacaaagaactcc
ttgatgcaggatagggatgctgcatctgctegggectggectaaaatgcacacagtcaatggttatgtaaacaggtcet
ctgccaggtctgattggatgccacaggaaatcagtctattggecatgtgattggaatgggcaccactectgaagtgeac
tcaatattcctcgaaggtcacacatttecttgtgaggaaccatcgccaggegtecttggaaatctegecaataacttte
cttactgctcaaacactcttgatggaccttggacagtttctactgttttgtcatatctectteccaccaacatgatgge
atggaagcttatgtcaaagtagacagctgtccagaggaaccccaactacgaatgaaaaataatgaagaagcggaagac
tatgatgatgatcttactgattctgaaatggatgtggtcaggtttgatgatgacaactctecttectttatccaaatt
cgctcagttgccaagaagcatectaaaacttgggtacattacattgctgectgaagaggaggactgggactatgetcecce
ttagtcctcgeccccgatgacagaagttataaaagtcaatatttgaacaatggeccctecageggattggtaggaagtac
aaaaaagtccgatttatggcatacacagatgaaacctttaagactcgtgaagctattcagcatgaatcaggaatcttg
ggacctttactttatggggaagttggagacacactgttgattatatttaagaatcaagcaagcagaccatataacatc
taccctcacggaatcactgatgtccgtectttgtattcaaggagattaccaaaaggtgtaaaacatttgaaggatttt
ccaattctgccaggagaaatattcaaatataaatggacagtgactgtagaagatgggccaactaaatcagatectegg
tgcctgacccgetattactctagtttogttaatatggagagagatctagcttcaggactecattgaccctctecteatc
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gatgggaagaagtggcagacttatcgaggaaattccactggaaccttaatggtcttctttggcaatgtggattcatet
gggataaaacacaatatttttaaccctccaattattgcectcgatacatcegtttgecaccecaactcattatagecattege
agcactcttcgecatggagttgatgggctgtgatttaaatagttgcagcatgccattgggaatggagagtaaagcaata
tcagatgcacagattactgcttcatcctactttaccaatatgtttgeccacctggtctecttcaaaagctecgacttceac
ctccaagggaggagtaatgcctggagacctcaggtgaataatccaaaagagtggctgcaagtggacttccagaagaca
atgaaagtcacaggagtaactactcagggagtaaaatctctgcttaccagcatgtatgtgaaggagttectcatctec
agcagtcaagatggccatcagtggactctcttttttcagaatggcaaagtaaaggtttttcagggaaatcaagactcc
ttcacacctgtggtgaactctectagacccaccgttactgactcgetaccttegaattcacceccagagttgggtgeac
cagattgccctgaggatggaggttctgggetgegaggcacaggacctctacgacaaaactcacacatgeccaccgtge
ccagctccagaactectgggeggacegtecagtcttectettecceccaaaacccaaggacaccctecatgateteecgg
acccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttecaactggtacgtggacgge
gtggaggtgcataatgccaagacaaagcegegggaggagcagtacaacagecacgtaccgtgtggtcagegteeteace
gtcctgcacecaggactggetgaatggcaaggagtacaagtgcaaggtctccaacaaageccteccageccecategag
aaaaccatctccaaagccaaagggcagcecceccgagaaccacaggtgtacaccctgecceccatcececegggatgagetgace
aagaaccaggtcagcctgacctgecctggtcaaaggecttetateccagegacategecgtggagtgggagagecaatggg
cagccggagaacaactacaagaccacgectecegtgttggactececgacggctecttettectetacagecaagetcace
gtggacaagagcaggtggcagcaggggaacgtettcectecatgetecegtgatgecatgaggetetgecacaaccactacacyg
cagaagagcctctecetgtetececgggtaaa

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)

atgcaaatagagetetecacctgcttetttetatgeccttttgegattetgetttaytgecaccagaagatactacetg
ggtgcagtggaactgtcatgggactatatgcaaagtgatcteggtgagetgectgtggacgecaagatttectectaga
gtgccaaaatcttttccattcaacacctcagtegtgtacaaaaagactetgtttgtagaattcacggatcacetttte
aacatcgctaagccaaggccaccctggatgggtetgetaggtectaccatecaggetgaggtttatgatacagtggte
attacacttaagaacatggcttccecatcctgtcagtcttcatgetgttggtgtatectactggaaagettetgaggga
gctgaatatgatgatcagaccagtcaaagggagaaagaagatgataaagtcttcectggtggaagcecatacatatgte
tggcaggtcctgaaagagaatggtecaatggectetgacccactgtgecttacctactcatatettteteatgtggac
ctggtaaaagacttgaattcaggectecattggagecectactagtatgtagagagggagtetggeccaaggaaaagacac
agaccttgcacaaatttatactactttttgetgtatttgatgaagggaaaagttggcactcagaaacaaagaactecet
tgatgcaggatagggatgctgecatetgetegggectggectaaaatgecacacagtcaatggttatgtaaacaggtete
tgccaggtctgattggatgecacaggaaatcagtectattggcatgtgattggaatgggcaccactectgaagtgeact
caatattcctecgaaggtcacacatttcttgtgaggaaccategecaggegtecttggaaatectegecaataactttee
ttactgctcaaacactcttgatggacettggacagtttctactgttttgtcatatetetteccaccaacatgatggea
tggaagcttatgtcaaagtagacagctgtccagaggaaccccaactacgaatgaaaaataatgaagaageggaagact
atgatgatgatcttactgattctgaaatggatgtggtcaggtttgatgatgacaactctcettectttateccaaatte
gctcagttgeccaagaagcatcctaaaacttgggtacattacattgetgetgaagaggaggactgggactatgeteeet
tagtcectcgceccogatgacagaagttataaaagtcaatatttgaacaatggecctecageggattggtaggaagtaca
aaaaagtccgatttatggcatacacagatgaaacctttaagactegtgaagetattecagecatgaatcaggaatcttgg
gacctttactttatggggaagttggagacacactgttgattatatttaagaatcaagcaagcagaccatataacatct
accctecacggaatcactgatgteccgtectttgtattcaaggagattaccaaaaggtgtaaaacatttgaaggatttte
caattctgccaggagaaatattcaaatataaatggacagtgactgtagaagatgggccaactaaatcagatccteggt
gcctgaccegetattactcectagtttegttaatatggagagagatctagettcaggactecattggecetetecteatet
gctacaaagaatctgtagatcaaagaggaaaccagataatgtcagacaagaggaatgtcatcctgttttctgtatttg
atgagaaccgaagctggtacctcacagagaatatacaacgctttctecccaatccagetggagtgecagettgaggate
cagagttccaagcctccaacatcatgecacagcatcaatggetatgtttttgatagtttgeagttgtecagtttgtttge
atgaggtggcatactggtacattctaagcattggagcacagactgacttectttetgtettecttetetggatatacet
tcaaacacaaaatggtctatgaagacacactcaccctattcccattctcaggagaaactgtcttcatgtegatggaaa
acccaggtctatggattcectggggtgeccacaactcagacttteggaacagaggcatgacecgecttactgaaggtttcta
gttgtgacaagaacactggtgattattacgaggacagttatgaagatatttcagcatacttgectgagtaaaaacaatg
ccattgaaccaagagacaaaactcacacatgcccaccgtgceccageteccagaacteetgggeggaccgtecagtettee
tectteccecccaaaacccaaggacacectecatgateteceggacecctgaggtcacatgegtggtggtggacgtgagee
acgaagaccctgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgeccaagacaaagecgegggaggd
agcagtacaacagcacgtaccgtgtggtecagegtectcaccgtectgcaccaggactggetgaatggcaaggagtaca
agtgcaaggtctccaacaaageccteccageccccatecgagaaaaccatcteccaaageccaaagggcagecececgagaac
cacaggtgtacaccctgeccceccatececgggatgagetgaccaagaaccaggtcagectgacetgectggtecaaagget
tctatcccagegacategeegtggagtgggagagcaatgggcageeggagaacaactacaagaccacgectencgtgt
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tggactccgacggctecttettectectacagecaagetcacecgtggacaagagcaggtggeagecaggggaacgtettet
catgctccgtgatgecatgaggetetgecacaaccactacacgcagaagagectetecetgtetecgggtaaa

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)

atycaaatajyagctcteccacctgcttetttetytycecttttycgattetyctttagtgecaccagaagatactacetyg
ggtgcagtggaactgtcatgggactatatgcaaagtgatcteggtgagctgeectgtggacgecaagatttectectaga
gtgccaaaatcttttccattcaacacctecagtegtgtacaaaaagactctgtttgtagaattcacggatcacetttte
aacatcgctaagccaaggccaccctggatgggtetgetaggtectaccateccaggetgaggtttatgatacagtggte
attacacttaagaacatggcttcccatcctgtecagtecttecatgetgttggtgtatectactggaaagettetgaggga
gctgaatatgatgatcagaccagtcaaagggagaaagaagatgataaagtcttececctggtggaageccatacatatgte
tggcaggtcctgaaagagaatggteccaatggecectetgacecactgtgecttacctactcatatetttetecatgtggac
ctggtaaaagacttgaattcaggcctcattggagccctactagtatgtagagaagggagtctggccaaggaaaagaca
cagaccttgcacaaatttatactactttttgetgtatttgatgaagggaaaagttggcactcagaaacaaagaactce
ttgatgcaggatagggatgctgcatcectgetecgggectggectaaaatgecacacagtcaatggttatgtaaacaggtet
ctgccaggtctgattggatgeccacaggaaatcagtctattggecatgtgattggaatgggcaccactcetgaagtgeac
tcaatattcctcgaaggtcacacatttettgtgaggaaccatcgecaggegtecttggaaatetecgecaataacttte
cttactgctcaaacactcttgatggaccttggacagtttcectactgttttgtecatatectectteeccaccaacatgatgge
atggaagcttatgtcaaagtagacagetgtccagaggaaccccaactacgaatgaaaaataatgaagaagcggaagac
tatgatgatgatcttactgattctgaaatggatgtggtecaggtttgatgatgacaactctecttectttateccaaatt
cgctcagttgccaagaagcatcctaaaacttgggtacattacattgetgectgaagaggaggactgggactatgetece
ttagtectegeecccgatgacagaagttataaaagtcaatatttgaacaatggecctcageggattggtaggaagtac
aaaaaagtccgatttatggcatacacagatgaaacctttaagactcgtgaagctattcagcatgaatcaggaatettg
ggacctttactttatggggaagttggagacacactgttgattatatttaagaatcaagcaagcagaccatataacatce
taccctcacggaatcactgatgtecgtectttgtattcaaggagattaccaaaaggtgtaaaacatttgaaggatttt
ccaattctgeccaggagaaatattcaaatataaatggacagtgactgtagaagatgggccaactaaatcagatcetegg
tgcctgacccgetattactctagtttegttaatatggagagagatctagettcaggactcattggeeetetecteate
tgctacaaagaatctgtagatcaaagaggaaaccagataatgtcagacaagaggaatgtcatcctgttttetgtattt
gatgagaaccgaagctggtacctcacagagaatatacaacgctttctecccaatccagetggagtgcagettgaggat
ccagagttccaagccteccaacatcatgecacagcatcaatggetatgtttttgatagtttgecagttgtecagtttgtttg
catgaggtggcatactggtacattctaagecattggagcacagactgacttcectttetgtettettetetggatatace
ttcaaacacaaaatggtctatgaagacacactcaccctattecccattctcaggagaaactgtettecatgtegatggaa
aacccaggtctatggattcectggggtgecacaactcagacttteggaacagaggecatgacecgecttactgaaggtttet
agttgtgacaagaacactggtgattattacgaggacagttatgaagatatttcagcatacttgetgagtaaaaacaat
gccattgaaccaagaagcttctcccagaatgacaaaactcacacatgeccaccgtgeccagetecagaactectggge
ggaccgtcagtcttectcttecccccaaaacccaaggacaccctcatgatetececeggaceccctgaggtecacatgegtg
gtggtggacgtgagccacgaagacecctgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgecaag
acaaagccgcgggaggagcagtacaacagecacgtaccgtgtggtecagegtectcacegtectgecaccaggactggetg
aatggcaaggagtacaagtgcaaggtctccaacaaageccteceocageceeccatecgagaaaaccatetecaaagecaaa
gggcagccccgagaaccacaggtgtacaccetgececccateececgggatgagetgaccaagaaccaggtecageectgace
tgcctggtcaaaggettectateccagegacategecegtggagtgggagagcaatgggcagecggagaacaactacaag
accacgcctccegtgttggactecgacggetecttettectetacagcaagetcacegtggacaagageaggtggeag
caggggaacgtcttctecatgeteegtgatgecatgaggetetgeacaaccactacacgecagaagagectctecetgtet
ccgggtaaa

(g, Light Chain (LOwFe DNA sequence {signal peptide underlived, Fe region in bold) (SEQ
ID NO: 1, which encodes SEQ 1D Mixni2)

togagacagacacactantgetatyygtactgetycictygyticcaggticoactyytgaaataactegtactant
vftﬂam,wagatcaaNAggduabLNa ta?qatgafaccatdrga ghiganatgaayasggaagatittgacatitat
titocazaagans agavqaoac%attttattqatwwa;taqagaggﬂtv
gttotaagaaacaggeateagagbggragtgloosta
chttactoagecoekttatacegbggagaastaaat
gaagatﬂafatcafggtaav ttcdaaaatuaqqcc

gttgttttc;aggaattta
ctggggecatatataagagoe
ttotabioctagocttatite
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gaaaccaaaacttacttttggaaagtgcaacatcatatggcacccactaaagatgagtttgactgecaaagectggget
tatttctctgatgttgacctggaaaaagatgtgcactcaggectgattggaccececttetggtetgecacactaacaca
ctgaaccctgetcatgggagacaagtgacagtacaggaatttgetetgtttttcaccatetttgatgagaccaaaage
tggtacttcactgaaaatatggaaagaaactgcagggctecectgecaatatccagatggaagateccacttttaaagag
aattatcgcttccatgcaatcaatggctacataatggatacactacctggettagtaatggetcaggatcaaaggatt
cgatggtatctgctecagcatgggcagcaatgaaaacatecattectattecatttcagtggacatgtgttecactgtacga
aaaaaagaggagtataaaatggcactgtacaatctctatccaggtgtttttgagacagtggaaatgttaccateccaaa
gctggaatttggegggtggaatgecttattggegagecatectacatgetgggatgagcacactttttetggtgtacage
aataagtgtcagactcccectgggaatggettectggacacattagagattttcagattacagecttcaggacaatatgga
cagtgggccccaaagetggecagacttecattattecggatcaatcaatgectggagcaccaaggagecettitettgg
atcaaggtggatctgttggcaccaatgattattcacggcatcaagacccagggtgecegtecagaagttetecagecte
tacatctctcagtttatcatcatgtatagtettgatgggaagaagtggcagacttategaggaaatteccactggaace
ttaatggtcttctttggcaatgtggattcatetgggataaaacacaatatttttaaccctecaattattgetegatac
atccgtttgcacccaactecattatagcattegecagcactettegeatggagttgatgggetgtgatttaaatagttge
agcatgccattgggaatggagagtaaagcaatatcagatgcacagattactgettcatectactttaccaatatgttt
gccacctggtetecttcaaaagetegacttecacctecaagggaggagtaatgectggagacctecaggtgaataateca
aaagagtggctgcaagtggacttccagaagacaatgaaagtcacaggagtaactactcagggagtaaaatctcetgett
accagcatgtatgtgaaggagttecctcatctecagecagtcaagatggecatcagtggactctettttttecagaatgge
aaagtaaaggtttttcagggaaatcaagactccttcacacctgtggtgaactctctagacccaccgttactgactege
taccttegaattcacccccagagttgggtgecaccagattgececctgaggatggaggttetgggetgegaggecacaggac
ctctacgacaaaactcacacatgeccaccgtgcccagetecagaactectgggeggacegteagtettectettecee
ccaaaacccaaggacaccctcatgatcteceggaccecectgaggtcacatgegtggtggtggacgtgagecacgaagac
cctgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgeccaagacaaagecgegggaggagecagtac
aacagcacgtaccgtgtggtcagegtectcaccgtectgecaccaggactggectgaatggcaaggagtacaagtgeaag
gtctccaacaaagcecteccagecceccatcgagaaaaccatetccaaagecaaagggcageccegagaaccacaggtg
tacaccctgcccccatcccgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaaggettetatece
agcgacatcgecgtggagtgggagagcaatgggcagecggagaacaactacaagaccacgecteeegtgttggactcee
gacggctecttettectetacagcaagetcaccgtggacaagagecaggtggcagecaggggaacgtettetecatgetee
gtgatgcatgaggctcectgecacaaccactacacgcagaagagcctctcectgtetecgggtaaa

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

gcgcgcgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccatatatgg
agttccgcgttacataacttacggtaaatggecccgectggctgacegeccaacgaceeccgeccattgacgtcaataa
tgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgece
acttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggccecgectgge
attatgcccagtacatgaccttatgggactttcecctacttggcagtacatctacgtattagtcategctattaccatgg
tgatgcggttttggcagtacatcaatgggecgtggatageggtttgactcacggggatttccaagtctecaceeccattg
acgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactecgecccattgacgce
aaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctctctggctaactagagaacccactgettact
ggcttatcgaaattaatacgactcactatagggagacccaagcttcgecgacgtacggecgecaccatgecagegegtga
acatgatcatggcagaatcaccaggcctcatcaccatctgecttttaggatatctactecagtgetgaatgtacaggtt
tgttteccttttttaaaatacattgagtatgcttgecttttagatatagaaatatctgatgetgtecttecttcactaaat
tttgattacatgatttgacagcaatattgaagagtctaacagccagcacgcaggttggtaagtactgtgggaacatca
cagattttggctccatgccectaaagagaaattggcetttcagattatttggattaaaaacaaagactttcttaagagat
gtaaaattttcatgatgttttcttttttgctaaaactaaagaattattcttttacatttcagtttttecttgatcatga
aaacgccaacaaaattctgaatcggccaaagaggtataattcaggtaaattggaagagtttgttcaagggaatctaga
gagagaatgtatggaagaaaagtgtagttttgaagaagcacgagaagtttttgaaaacactgaaagaacaactgaatt
ttggaagcagtatgttgatggagatcagtgtgagtccaatccatgtttaaatggcggcagttgcaaggatgacattaa
ttcctatgaatgttggtgtecetttggatttgaaggaaagaactgtgaattagatgtaacatgtaacattaagaatgg
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aaaccagaagtcctgtgaaccagcagtgccatttccatgtggaagagtttctgtttcacaaacttctaagctcacccg
tgctgagactgtttttcctgatgtggactatgtaaattctactgaagctgaaaccattttggataacatcactcaaag
cacccaatcatttaatgacttcactcgggttgttggtggagaagatgccaaaccaggtcaattcccttggcaggttgt
tttgaatggtaaagttgatgcattctgtggaggctctatcgttaatgaaaaatggattgtaactgctgcccactgtgt
tgaaactggtgttaaaattacagttgtcgcaggtgaacataatattgaggagacagaacatacagagcaaaagcgaaa
tgtgattcgaattattcctcaccacaactacaatgcagctattaataagtacaaccatgacattgcccttctggaact
ggacgaacccttagtgctaaacagctacgttacacctatttgcattgctgacaaggaatacacgaacatcttcctcaa
atttggatctggctatgtaagtggctggggaagagtcttccacaaagggagatcagctttagttcttcagtaccttag
agttccacttgttgaccgagccacatgtcttcgatctacaaagttcaccatctataacaacatgttctgtgctggctt
ccatgaaggaggtagagattcatgtcaaggagatagtgggggaccccatgttactgaagtggaagggaccagtttctt
aactggaattattagctggggtgaagagtgtgcaatgaaaggcaaatatggaatatataccaaggtgtcccggtatgt
caactggattaaggaaaaaacaaagctcactgacaaaactcacacatgcccaccgtgcccagctccggaactcctggg
cggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtcacatgcgt
ggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaa
gacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactggct
gaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgagaaaaccatctccaaagccaa
agggcagccccgagaaccacaggtgtacaccctgcccccatcccgggatgagctgaccaagaaccaggtcagcctgac
ctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaa
gaccacgcctcccgtgttggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggca
gcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtc
tccgggtaaatgagaattcagacatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaa
aatgctttatttgtgaaatttgtgatgctattgctttatttgtaaccattataagctgcaataaacaagttggggtgg
gcgaagaactccagcatgagatccccgcgctggaggatcatccagccggcgtcccggaaaacgattccgaagcccaac
ctttcatagaaggcggcggtggaatcgaaatctcgtagcacgtgtcagtcctgctcctcggccacgaagtgcacgcag
ttgccggccgggtcgcgcagggcgaactcccgcccccacggctgctcgccgatctcggtcatggccggcccggaggcg
tcccggaagttecgtggacacgacctccgaccacteggecgtacagetegtccaggececgegcaccecacacccaggecagyg
gtgttgtccggcaccacctggtcctggaccgcgctgatgaacagggtcacgtcgtcccggaccacaccggcgaagtcg
tcctccacgaagtcccgggagaacccgagccggtcggtccagaactcgaccgctccggcgacgtcgcgcgcggtgagc
accggaacggcactggtcaacttggccatggtttagttcctcaccttgtcgtattatactatgccgatatactatgcc
gatgattaattgtcaacacgtgctgatcagatccgaaaatggatatacaagctcccgggagctttttgcaaaagccta
ggcctccaaaaaagcctcctcactacttctggaatagctcagaggcagaggcggcctcggcctctgcataaataaaaa
aaattagtcagccatggggcggagaatgggcggaactgggcggagttaggggcgggatgggcggagttaggggcggga
ctatggttgctgactaattgagatgcatgctttgcatacttctgcctgctggggagcctggggactttccacacctgg
ttgctgactaattgagatgcatgctttgcatacttctgcctgctggggagcctggggactttccacaccctcgtcgag
ctagcttcgtgaggctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttggggggaggg
gtcggcaattgaaccggtgcctagagaaggtggcgcggggtaaactgggaaagtgatgtcgtgtactggctccgcctt
tttcccgagggtgggggagaaccgtatataagtgcagtagtcgccgtgaacgttctttttcgcaacgggtttgccgcc
agaacacaggtaagtgccgtgtgtggttcccgcgggcctggcctctttacgggttatggcccttgcgtgccttgaatt
acttccacctggctccagtacgtgattcttgatcccgagctggagccaggggcgggccttgcgctttaggagcccctt
cgcctcgtgcttgagttgaggcctggcctgggcgctggggccgccgcgtgcgaatctggtggcaccttcgcgcctgtc
tcgctgctttcgataagtctctagccatttaaaatttttgatgacctgctgcgacgctttttttctggcaagatagtc
ttgtaaatgcgggccaggatctgcacactggtatttcggtttttggggccgcgggcggcgacggggcccgtgcgtccc
agcgcacatgttcggcgaggcggggcctgcgagcgcggccaccgagaatcggacgggggtagtctcaagctggccggc
ctgctctggtgcctggcctcgcgccgccgtgtatcgccccgccctgggcggcaaggctggcccggtcggcaccagttg
cgtgagcggaaagatggccgcttcccggccctgctccagggggctcaaaatggaggacgcggcgctcgggagagcggg
cgggtgagtcacccacacaaaggaaaggggcctttccgtcctcagccgtcgcttcatgtgactccacggagtaccggg
cgccgtccaggcacctcgattagttctggagcttttggagtacgtcgtctttaggttggggggaggggttttatgcga
tggagtttccccacactgagtgggtggagactgaagttaggccagcttggcacttgatgtaattctccttggaatttg
ccctttttgagtttggatcttggttcattctcaagcctcagacagtggttcaaagtttttttcttccatttcaggtgt
cgtgaacacgtggtcgcggccgcgccgccaccatggagacagacacactcctgctatgggtactgctgctctgggttc
caggttccactggtgacaaaactcacacatgcccaccgtgcccagcacctgaactcctgggaggaccgtcagtcttcc
tcttcececcaaaacccaaggacaccectcatgatetececggaccectgaggtcacatgegtggtggtggacgtgagece
acgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagecgegggagy
agcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactggctgaatggcaaggagtaca
agtgcaaggtctccaacaaagccctcccageccccategagaaaaccatctccaaagecaaagggcagecccgagaac
cacaggtgtacaccctgcccccatcccgcgatgagctgaccaagaaccaggtcagcctgacctgcctggtcaaaggct
tctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcccgtgt
tggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcttct
catgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtctccgggtaaatgactcg
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agagatctggccggctgggcccgtttcgaaggtaagcctatccctaaccctctcctcggtctcgattctacgcgtacc
ggtcatcatcaccatcaccattgagtttaaacccgctgatcagcctcgactgtgccttctagttgccagccatctgtt
gtttgcccctcccccgtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaatt
gcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaa
gacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggcggaaagaaccagtggcggtaatacggtt
atccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggce
cgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcg
aaacccgacaggactataaagataccaggcgtttccccctagaagctccctcgtgcgctctcctgttccgaccctgcc
gcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcag
ttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccgg
taactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcag
agcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttgg
tatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctgg
tagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttc
tacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgacattaacctataaaaataggcg
tatcacgaggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggt
cacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcgggg
ctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatatgcggtgtgaaataccgcacagatgc
gtaaggagaaaataccgcatcaggcgccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcc
tcttcgctattacgceca

E. Fc DNA sequence (mouse gk signal peptide underlined) (SEQ ID NO:3, which encodes SEQ
ID NO:4) This is the Fc casseite 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 Fe¢
encoding sequence enables a better monomer: dimer ratio.

............................................................

ccaccgtgcccagcacctgaactcctgggaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatg
atctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtac
gtggacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagc
gtcctcaccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcc
cccatcgagaaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgcgat
gagctgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggag
agcaatgggcagccggagaacaactacaagaccacgcctcccgtgttggactccgacggctccttcttcctctacagc
aagctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaac
cactacacgcagaagagcctctcececctgtctcecgggtaaa
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Sequence Table 2: Polypeptide Sequences

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

Construct == HC-LC-Fc fusion. An Fc expression cassette is cotransfected with BDDFVIII-Fc to
generate the BDD FVIIIFc monomer-. For the BD{* 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.

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

MOIELSTCFFLCLLRFCFSATRI aVELSWDYMGSDLGELPVDARFPPRVPKSFPENT
NIAKPRPPWMGLLGPT

QSDQEEIDYDDTISVEMKKEDFDIYDEDENQSPRSFQKKTRHYFIAAVERLWDYGMSSSPHVLRNRAQSGSVPQFKKV
VFQEFTDGSFTQPLYRGELNEHLGLLGPYIRAEVEDNIMVTFRNQASRPYSFYSSLISYEEDQRQGAEPRKNFVKPNE
TKTYFWKVQHHMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIGPLLVCHTNTLNPAHGRQVTVQEFALFFTIFDETKSW
YFTENMERNCRAPCNIQMEDPTFKENYRFHAINGYIMDTLPGLVMAQDQRIRWYLLSMGSNENIHSIHFSGHVFTVRK
KEEYKMALYNLYPGVFETVEMLPSKAGIWRVECLIGEHLHAGMSTLFLVYSNKCQTPLGMASGHIRDFQITASGQYGQ
WAPKLARLHYSGSINAWSTKEPFSWIKVDLLAPMI THGIKTQGARQKFSSLYISQFIIMYSLDGKKWQTYRGNSTGTL
MVFFGNVDSSGIKHNIFNPPITARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKAISDAQITASSYFTNMFA
TWSPSKARLHLQGRSNAWRPQVNNPKEWLQVDFQKTMKVTGVTTQGVKSLLTSMYVKEFLISSSQDGHQWTLFFQNGK
VKVFQGNQDSFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLYDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTIMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE YKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWE SNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSWHHEALHNHY TQKSLSLSPGK

A(ii). Fc chain (20 amino acid heterologous signal peptide from mouse Igx chain underlined)
(SEQ I NO:4)

METDTLLLWVLLLWVPGSTGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY

VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRD
ELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

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

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.
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B(i). Full length FVIUEFC chain (FV I signal peptide underlined (SEQ D NOw)

VVYKKTLFVEFTDHLF

PENDIERTDPWFAHRTPMPRIQNVbbb LLMLLRQD HGLSL&DLQEAAiLTFbDDPQPGA;D%NNSLSEMTHFRP
OLHHSGDMVFTPESGLOLRLNEKLGTTAATELKKLDFKVSSTSNNLISTIPSDNLAAGTDNTSSLGPPSMPVHYDSQL
DTTLFGKKSSPLTESGGEPLSLSEENNDSKLLESGLMNSQESSWGKNVSSTESGRLFKGKRAHGPALLTREDNALFRVS L
SLLKTNKTSNNSATNRKTH:DGPSLLIENSPSVWQONILESDTEFKKVTPLIHDRMLMDKNATALRLNHMSNKTTSSRN
MEMVOQKKEGPIFPDAQNPDMSFFRMLFLPESARWIQRTHGKNSLNSGQGPSPKQLVSLGPEKSVEGONELSERNRVVY
VGKGEFTKDVGLKEMVFPSSRNLFLTNLDNLHENNTHNQEKKIQEEIEKKETLIQENVVLPQIHTVIGTKNFMKNLEL
LSTRONVEGSYDGAYAPVLODFRSLNDSTNRTKKHTAHFSKKGEEENLEGLGNQTKQIVEKYACTTRISPNTSQQONEFV
TORSKRALKQFRLPLEETELEKRIIVDDTSTOWSKNMKHLTPSTLTQIDYNEKEKGAITQSPLSDCLTRSHS T POQANR
SPLPIAKVSSFPSIRPIYLTRVLFQDNSSHLPAASYRKKDSGVOESSHFLOGAKKNNLSLAILTLEMTGDQREVGSLG
TSATNSVTYKKVENTVLPKPDLPKTSGKVELLPKVHIYQKDLFPTETSNGSPGHLDLVEGSLLOGTEGAIKWNEANRP
GKVPFLRVATESSAKTPSKLLDPLAWDNHYGTQIPKEEWKSQEKSPEKTAFKKKDTILSLNACESNHATIAAINEGONK
PEIEVTWAKQGRTERLCSONPPVLKRHOREITRTTLQSDQEEIDYDDTISVEMKKEDFDIYDEDENQSPRSFQKKTRH
YFIAAVERLWDYGMSSSPHVLRNRAQSGSVPQFKKVVFQEFTDGSFTQPLYRGELNEHLGLLGPY IRAEVEDNIMVTE
RNQASRPYSFYSSLISYEEDQRQGAEPRKNFVKPNETKTYFWKVQHHEMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIG
PLLVCHTNTLNPAHGRQVITVQEFALFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTFKENYRFHAINGYIMDTLPG
L. VMAQDQRIRWYLLSMGSNENIHSIHFSGHVFTVRKKEEYKMALYNLYPGVFETVEMLPSKAGIWRVECLIGEHLHAG
MSTLFLVYSNKCQTPLGMASGHIRDFQITASGQYGQWAPKLARLHYSGSINAWSTKEPFSWIKVDLLAPMITHGIKTQ
GARQKFSSLYISQFIIMYSLDGKKWQTYRGNSTGTLMVFFGNVDSSGIKHNIFNPPIIARYIRLHPTHYSTIRSTLRME
LMGCDLNSCSMPLGMESKAISDAQITASSYFTNMFATWSPSKARLHLQGRSNAWRPQVNNPKEWLQVDFQKTMKVTGV
TTQGVKSLLTSMYVKEFLISSSQDGHQWTLFFQNGKVKVFQGNQDSFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRM
EVLGCEAQDLYDKTHTCPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVITCVVVDVSHEDPEVKENWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQODWLNGKE YKCKVSNKALPAPIEKTISKAKGQPRE PQVYTLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWE SNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTOKSLSL
SPGK

B(ii). Fc chain (20 amino acid heterologous signal peptide from mouse Igk chain underlined)
(SEQ ID NO:4)

METDTLLLWVLLLWVPGSTGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWY
VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRD
ELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

C. FVIII-Fc Heterodimer Hybrid

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 Igk signal sequence was used for the LC-Fc construct.

{1y, HC-Fe (Fe sequence is shown in bold, signal peptide underhined} (SEQ ID NO:R}
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MQ;ELSTCFFLCLQREQFSATRRYYLGAVELSWDYMQSDLGELPVDARFPPRVPKSFPFNTSVVYKKTLFVEFTDHLF
WOVLKENGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKFILLFAVFDEGKSWHSETKNS
LMODRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHVIGMGTTPEVHSIFLEGHTFLVRNHRQASLEISPITF
LTAQTLLMDLGQFLLFCHISSHQHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVRFDDDNSPSFIQI
RSVAKKHPKTWVHY IAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPQRIGRKYKKVRFMAYTDETFKTREATIQHESGIL
GPLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDFPILPGEIFKYKWTVTVEDGPTKSDPR
CLTRYYSSFVNMERDLASGLIGPLLICYKESVDQRGNQIMSDKRNVILFSVFDENRSWYLTENIQRFLPNPAGVQLED
PEFQASNIMHS INGYVFDSLQLSVCLHEVAYWYILSIGAQTDFLSVFFSGYTFKHKMVYEDTLTLFPFSGETVFMSME
NPGLWILGCHNSDFRNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNATIEPRDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEKTISKAKGQPRE PQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE SNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHY TQKSLSLSPGK

Cii, HO+S-Fe (Fe sequence is shows in bold, 5 amine acid Hnker sequence (from the B domain
of FVI s shown in jtalics {boxed). signal peptide underlined }SEQ 1D MO 10)

MQIELSTCFFLCLLRFCFSATRRYYLGAVELSWDYMQSDLGELPVDARFPPRVPKSFPFNTSVVYKKTLFVEFTDHLF
NIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKASEGAEYDDQTSQREKEDDKVFPGGSHTYV
WQVLKENGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKFILLFAVFDEGKSWHSETKNS
LMQDRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHV IGMGTTPEVHS IFLEGHTFLVRNHRQASLEISPITF
LTAQTLLMDLGQFLLFCHISSHQHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVRFDDDNSPSFIQI
RSVAKKHPKTWVHY IAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPQRIGRKYKKVRFMAYTDETFKTREAIQHESGIL
GPLLYGEVGDTLLIIFKNQASRPYNTYPHGITDVRPLYSRRLPKGVKHLKDFPILPGEIFKYKWTVTVEDGPTKSDPR
CLTRYYSSFVNMERDLASGLIGPLLICYKESVDQRGNQIMSDKRNVILFSVFDENRSWYLTENTQRFLPNPAGVQLED
PEFQASNIMHS INGYVFDSLQLSVCLHEVAYWYILSIGAQTDFLSVFFSGYTFKHKMVYEDTLTLFPFSGETVFMSME
NPGLWILGCHNSDFRNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNAY EPR[SFSONDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE SNGQPENNYK
TTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

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

METDTLLLWVLLLWVPGSTGEITRTTLQSDQEEIDYDDTISVEMKKEDFDIYDEDENQSPRSFQKKTRHYFIAAVERL
WDYGMSSSPHVLRNRAQSGSVPQFKKVVFQEFTDGSFTQPLYRGELNEHLGLLGPYIRAEVEDNIMVTFRNQASRPYS
FYSSLISYEEDQRQGAEPRKNFVKPNETKTYFWKVQHHMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIGPLLVCHTNT
LNPAHGRQOVTVQEFALFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTFKENYRFHAINGY IMDTLPGLVMAQDQRI
RWYLLSMGSNENIHSIHFSGHVFTVRKKEEYKMALYNLYPGVFETVEMLPSKAGIWRVECLIGEHLHAGMSTLFLVYS
NKCQTPLGMASGHIRDFQITASGQYGQWAPKLARLHYSGSINAWSTKEPFSWIKVDLLAPMIITHGIKTQGARQKFSSL
YISQFIIMYSLDGKKWQTYRGNSTGTLMVFFGNVDSSGIKHNIFNPPIIARYIRLHPTHYSIRSTLRMELMGCDLNSC
SMPLGMESKAISDAQITASSYFTNMFATWSPSKARLHLQGRSNAWRPQVNNPKEWLQVDFQKTMKVTGVTTQGVKSLL
TSMYVKEFLISSSQDGHOWTLFFQONGKVKVFQGNQDSFTPVVNSLDPPLLTRYLRIH¥*QSWVHQIALRMEVLGCEAQD
LYDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQODWLNGKE YKCKVSNKALPAPIEKT I SKAKGQPREPQVY TLPPSRDELTKNQVSLTCLVKGEYP
SDIAVEWE SNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQOGNVFSCSVMHEALHNHY TQKSLSLSPGK

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

(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.

E. FIXFc-SC subunit:
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FIX Signal Peptide
-46 MQRVNMIMAESPGLITICLLGYLLSAEC
FIX Propeptide : -18 TVFLDHENAN KILNRPKR

YNSGKLEEFVQGN:LERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPFGFE
GKNCELDVTCNIKNCRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVFPDVDYV
NSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAG
EHNTEETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGSGYVSGWGR
VFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECA
MKGKYGIYTKVSRYVNWIKEKTKLTDKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTICVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE YKCKVSNKALPAPTERTISKAKGOPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMH
EALHNHYTQKSLSLSPGK

Mature £'c sequence (corresponding to human IgG1 amino acids 221 to 447, EU numbering)

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD
IAVEWESHGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
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WHAT IS CLAIMED I[S:

1. A composition for the measurement of coagulation factor activity in a sample
comprising an activated coagulation factor and a phospholipid mixture, wherein the composition
is dried onto a solid substrate.

2. A composition for the measurement of coagulation time in a sample comprising
an activated coagulation factor and a phospholipid mixture, wherein the composition is dried
onto a solid substrate.

3. The composition of any one of clainis 1 or 2, wherein the solid substrate is
selected from the group consisting of paper, plastic. glass, ceramic material, metal, and
combinations thereof.

4. The composition of any one of claim 1 or 2, wherein the solid substrate 15 3
surface on a test sirip, test stick, reaction chamber. cartridge, chip, well plate, or array used in an
apparains 1o measure coagulation factor activity or coagulation time.

5. The composition of any one of clains 1 to 4, wherein the coagulation factor is
selected from the group consisting of FVII, FVIII, and FIX.

6. The composition of any one of claims 1 to 4, wherein the coagulation factor is a
Factor VIII protein or a fragment, variant, or derivative thereof.

7. The composition of any one of claims 1 to 4, wherein the coagulation factor is a
Factor IX protein or a fragment, variant, or derivative thereof.

8. The composition of claim 6, wherein the activated coagulation factor is a Factor
IXa protein or a fragment, variant, or derivative thereof.

9. The composition of claim 8, wherein Factor 1Xa is present in the composition
prior to drying within a range of 0.01 to 0.05 U/mL

10.  The composition of claim 7, wherein the activated coagulation factor is a Factor
Xla protein or a fragment, variant, or derivative thereof.

11.  The composition of claim 10, wherein Factor Xla is present in the composition
prior to drying within a range of 0.01 to 0.05 U/mL

12.  The composition of any one of claims 1 to 11, wherein the phospholipid mixture
comprises 2 phospholipids.

13.  The composition of any one of claims 1 to 12, wherein the phospholipid mixture

comprises 3 phospholipids.
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14.  The composition of any one of claims 1 to 13, wherein the phospholipids are
selected from the group consisting of phosphatidylcholine, phosphatidylserine,
phosphatidylglycerol, and combinations thereof.

15.  The composition of any one of claims 1 to 14, wherein the phospholipids are
natural phospholipids, synthetic phospholipids, or combinations thereof.

16.  The composition of claim 12, wherein the phospholipid mixture comprises 70
mole-% of phosphatidylcholine and 30 mole-% of phosphatidylserine.

17.  The composition of claim 13, wherein the phospholipid mixture comprises 80
mole-% of phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-% of
phosphatidylglycerol.

18.  The composition of claim 13, wherein the phospholipid mixture comprises 75
mole-% of phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-% of
phosphatidylglycerol.

~19.  The composition of any one of claim 1 to 15, wherein the phospholipid mixture
further comprises cholesterol.

20.  The composition of claim 19, wherein the cholesterol content in the phospholipid
mixture is from about 1 to about 20 mole-% of cholesterol.

21.  The composition of any one of claims 1 to 20, wherein the phospholipid mixture

is in vesicle form.

22. The composition of claim 21, wherein the vesicles are small unilamellar vesicles.
23.  The composition of any one of claims 1 to 22, further comprising divalent cations.
24.  The composition of claim 23, wherein the divalent cations are calcium ions.

25.  The composition of any one of claims 1 to 24, wherein the sample is selected from

the group consisting of whole blood, citrated or equivalently stabilized blood, plasma, or other
fluid sample containing or suspected of containing a coagulation factor.

26.  The composition of claim 25, wherein the sample is decalcified.

27.  The composition of any one of claims 1 to 26, wherein the measurement is carried
in a point of care test system.

28.  The composition of any one of claims 1 to 26, wherein the measurement is carried
out in a mechanical or optical analytical system.

29. A composition for the measurement of the Factor VIII activity of a Factor VIII

protein or a fragment, variant, or derivative thereof in a sample comprising 80% of 0.1 mg/mL
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Factor IXa and 20% of a phospholipid mixture comprising 75 mole-% of phosphatidylcholine, 20
mole-% of phosphatidylserine, and 5 mole-% of phosphatidylglycerol, wherein said composition
is dried onto a solid substrate.

30. A composition for the measurement of the Factor IX activity of a Factor IX
protein or a fragment, variant, or derivative thereof in a sample comprising 80% of a Factor Xia
suspension at about 0.1-0.5 mg/mL and 20% of a phospholipid mixture comprising 75 mole-% of
phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-% of phosphatidylglycerol,
wherein said composition is dried onto a solid substrate.

31. A kit for performing a measurement of coagulation factor activity or coagulation
time in a sample comprising the composition of any one of claims 1 to 30 in one or more vials.

32, A kit for performing a measurement of coagulation factor activity or coagulation
time in a sample comprising the composition of any one of claims 1 to 30 in a non-dry form in
one or more vials and instructions for drying said composition onto a solid substrate.

33. A sample holder for performing a blood coagulation assay, comprising a surface
coated with the composition of any one of claims 1 to 30.

34. The sample holder of claim 33, wherein the sample holder is selected from the
group consisting of a test strip, a test stick, a reaction chamber, a cartridge, a chip, a well plate,
and an array.

35. A method for determining clotting time in a patient having a bleeding disorder,
comprising:

(a) contacting a sample obtained from the patient with an activation mixture comprising
an activated coagulation factor and a phospholipid mixture, wherein the activation mixture is
dried onto a solid substrate; and,

(b) measuring the time between the contacting of the activation mixture with the blood
sample and the onset of clotting, thereby calculating the clotting time (Ct).

36. A method of treating a patient having a bleeding disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct), wherein Ct indicates

whether the patient will benefit from administration of a treatment; and,
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(c) administering the treatment to the patient if Ct indicates that the patient will
benefit from administration of the treatment.

37. A method of treating a patient having a bleeding disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct), wherein Ct indicates
whether the patient will benefit from administration of a treatment; and,

(c) instructing a healthcare provider to administer the treatment to the patient if Ct
indicates that the patient will benefit from administration of the treatment.

38. A method of optimizing a bleeding disorder treatment in a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct), wherein Ct correlates
with a therapeutically efficacious treatment; and,

() administering an optimized treatment to the patient, wherein the treatment is
maintained or adjusted.

39. A method of optimizing a bleeding disorder treatment in a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
wmivture i3 dried onto a solid substrate;

(b} measuring the iime between the contacting of the activation mixture with the
sarople and the onset of clotiing, thereby caleulating the clotting time (Ct), wherein Ct correlates
with a therapeutically efficacious treatment; and,

(c) instructing a healthcare provider to optimize the treatment administered, wherein
the treatment is maintained or adjusted.

40. A method of diagnosing whether a patient is in need of treatment for a bleeding

disorder comprising:
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(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct), wherein Ct indicates
whether the patient has a bleeding disorder; and.

{c) providing a treatment for the bleeding disorder if the patient is in need thereof.

41. A method of diagnosing whether a patient is in need of treatment for a bleeding
disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct), wherein Ct indicates
whether the patient has a bleeding disorder; and.

(c) instructing a healthcare provider to provide treatment for the bleeding disorder if
the patient is in need thereof.

42, A method of monitoring the efficacy of a bleeding disorder treatment
administered to a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct); and,

(c) comparing the measured Ct with the Ct obtained from 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 results and the corresponding standard.

43. A method of monitoring the efficacy of a bleeding disorder treatment

administered to a patient comprising:
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(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct); and,

(©) comparing the measured Ct with the Ct obtained from 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) instructing a healthcare provider to maintain or adjusting the patient's treatment
based on the relative difference between the patient's results and the corresponding standard.

44, A method for determining a coagulation factor level in a bleeding disorder patient,
comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct); and,

(¢) correlating the Ct value with the level of coagalation factor in the sample.

45. The method of claim 44, wherein the correlation between Ct and coagulation
factor level (%Factor) is calculated according to the formula:

Ct=A x Ln(%Factor) + B [FormulaI]

wherein, for each coagulation factor, A is a constant value corresponding to the slope of a
Ct versus coagulation factor concentration dose-response, and B is patient-specific off-set value.

46. A method for determining a pharmacokinetic (PK) parameter in a bleeding
disorder patient, comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the

sample and the onset of clotting, thereby calculating the clotting time (Ct); and,
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(¢) correlating a PK with the calculated Ct value, thereby determining the value of the
PK parameter.

47. A method of treating a patient having a bleeding disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct);

() determining a PK parameter based on Ct, wherein the PK parameter indicates that
the patient will benefit from administration of the treatment; and,

(d) administering the treatment to the patient if the PK parameter indicates that the
patient will benefit from administration of the treatment.

48. A method of treating a patient having a bleeding disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate:

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct);

(©) determining a PK parameter based on Ct, wherein the PK parameter indicates that
the patient will benefit from administration of the treatment; and,

(d) instructing a healthcare provider to administer the treatment to the patient if the
PK parameter indicates that the patient will benefit from administration of the treatment.

49. A method of optimizing a bleeding disorder treatment in a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct);

(©) determining a PK parameter based on Ct, wherein the PK parameter correlates
with a therapeutically efficacious treatment; and,

(d) administering an optimized treatment to the patient, wherein the treatment is

maintained or adjusted.
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50. A method of optimizing a bleeding disorder treatment in a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct);

(©) determining a PK parameter based on Ct, wherein the PK parameter correlates
with a therapeutically efficacious treatment; and.

(d) instructing a healthcare provider to administer an optimized treatment to the
patient, wherein the therapy is maintained or adjusted.

51. A method of diagnosing whether a patient is in need of treatment for a bleeding
disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct): and,

(c) determining a PK parameter based on Ct, wherein the PK parameter indicates
whether the patient has a bleeding disorder; and,

(d) providing treatment for the bleeding disorder if the patient is in need thereof.

52. A method of diagnosing whether a patient is in need of treatment for a bleeding
disorder comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct); and,

(c) determining a PK parameter based on Ct, wherein the PK parameter indicates
whether the patient has a bleeding disorder; and,

(d) instructing a healthcare provider to provide therapy to treat the bleeding disorder

it the patient is in need thereof.
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53. A method of monitoring the efficacy of a bleeding disorder treatment
administered to a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct); and,

() determining a PK parameter based on Ct;

(d) comparing the PK parameter with the PK obtained trom 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,

(e) maintaining or adjusting the patient's treatment based on the relative difference
between the patient's results and the corresponding standard.

54, A method of monitoring the efficacy of a bleeding disorder treatment
administered to a patient comprising:

(a) contacting a sample obtained from the patient with an activation mixture
comprising an activated coagulation factor and a phospholipid mixture, wherein the activation
mixture is dried onto a solid substrate;

(b) measuring the time between the contacting of the activation mixture with the
sample and the onset of clotting, thereby calculating the clotting time (Ct);

© determining a PK parameter based on Ct;

(d) comparing the PK parameter with the PK obtained from 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,

(e) instructing a healthcare provider to maintain or adjust the patient's treatment based
on the relative difference between the patieni's results and the corresponding standard.

55.  The method of any one of claims 46 to 53, wherein the PX is terminal half-life
(HL).

56.  The method of any one of claims 46 to 53, wherein the PK is time to through (T).

57.  The method of claim 55, wherein HL is calculated according to the formula:
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HL =-0.693 x (T>-T)) x A/ (Ct) — Ctp) [Formula IT}

wherein, for each coagulation factor, A is a constant value corresponding to the slope of a
Ct versus coagulation factor concentration dose-response, T; and T, are times at which Ct is
measured, and Ct; and Ct, are Ct values measured at Ty and T, respectively.

58. The method of claim 56, wherein T is calculated according to the formula:

T=-1.44 x HL / (A x (Ctmeasured = Clirough) [Formula IIT}

wherein for each coagulation factor A is a constant value corresponding to the slope of a
Ct versus coagulation factor concentration dose-response, and HL is the terminal half-life,
Ctmeasured 18 Ct measured at certain time point, and Ctyougn is patient-specific clot time at trough.

59.  The method of claim 58, wherein the patient is administered a new dose of
coagulation factor every T interval.

60.  The method of any one of claims 35 to 59, wherein the sample is selected from the
group consisting of whole blood, citrated or equivalently stabilized blood, plasma, or other fluid
sample containing or suspected of containing a coagulation factor.

61.  The method of any one of claims 35 to 59, wherein said sample is whole blood.

62. The method of claim 61, wherein the blood is venous blood.

63.  The method of claim 61, wherein the blood is fingerstick blood.

64.  The method of any one of claims 35 to 59, wherein said sample is plasma.

65.  The method of any one of claims 35 to 59, wherein the sample is frozen and
thawed prior to contacting the sample with the activation mixture.

66.  The method of any one of claims 35 to 59, wherein the sample is has not been
frozen and thawed prior to contacting the sample with the activation mixture.

67.  The method of any one of claims 35 to 66, wherein the sample is decalcified.

68.  The method of claim 67, wherein the decalcified sample is recalcified prior to
contacting the sample with the activation mixture.

69.  The method of claim 67, wherein the decalcified sample is recalcified after
contacting the sample with the activation mixture.

70.  The method of any one of claims 35 to 69, wherein the sample further comprises
an added purified coagulation factor.

71.  The method of any one of claims 35 to 70, wherein the sample further comprises

an added inhibitor.
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72. The method of claim 70, wherein the purified coagulation factor is selected from
the group consisting of Factors I1, Factor VII, Factor VIII, Factor IX. Factor X, Factor XI, Factor
XI1I, Factor XIII, Fibrinogen, vWF, Tissue Factor, and combinations thereof.

73. The method of claim 71, wherein the inhibitor is selected f{rom the group
consisting of CTI, aprotinin, e-aminocaproic acid (EACA), D-Phenylalanyl-1-prolyl-l-arginine
chloromethyl ketone-Factor VIIa (FPRCK-FVIIa), anti-coagulation factor monoclonal
antibodies, and combinations thereof.

74.  The method of any one of claims 35 to 73, wherein the sample is diluted with
substrate samyple.

75.  The method of claim 74, wherein one part of sample is diluted with three parts of
substrate sample.

76. The method of any one of claims 35 to 75, wherein the activated coagulation
factor is a Factor IXa protein or a fragment, variant, or derivative thereof.

77. The method of claim 76, wherein Factor IXa is present in the composition prior to
drying within a range of 0.01 to 0.05 U/mL.

78.  The method of any one of claims 35 to 75, wherein the activated coagulation
factor is a Factor Xla protein or a fragment, variant, or derivative thereof.

79.  The method of claim 78, wherein Factor Xla is present in the composition prior to
drying within a range of 0.01 to 0.05 U/mL.

80.  The method of any one of claims 35 to 79, wherein the phospholipid mixture
comprises 2 phospholipids.

81.  The method of any one of claims 35 to 79. wherein the phospholipid mixture
comprises 3 phospholipids.

82.  The method of any one of claims 35 to 81, wherein the phospholipids in the
phospholipid mixture are selected from the group consisting of phosphatidylcholine,
phosphatidyiserine, phosphatidylglycerol, and combinations thereof.

83.  The method of any one of claims 35 to 82, wherein the phospholipids are natural
phospholipids, synthetic phospholipids, or combinations thereof.

84.  The method of claim 80, wherein the phospholipid mixture comprises 70 mole-%

of phosphatidylcholine and 30 mole-% of phosphatidylserine.
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85.  The method of claim 81, wherein the phospholipid mixture comprises 80 mole-%
of phosphatidylcholine, 10 mole-% of phosphatidylserine, and 10 mole-% of
phosphatidylglycerol.

86.  The method of claim 82, wherein the phospholipid mixture comprises 75 mole-%
of phosphatidylcholine, 20 mole-% of phosphatidylserine, and 5 mole-% of
phosphatidylglycerol.

87.  The method of any one of claims 35 to 86, wherein the phospholipid mixture
turther comprises cholesterol.

88.  The method of claim 87, wherein the cholesterol content in the phospholipid
mixture is from about 1 to about 20 mole-% of cholesterol.

89. The method of any one of claims 35 to 88, wherein the phospholipid mixture is in
lipid vesicle form.

90.  The method of claim 89, wherein the lipid vesicles are small unilamellar vesicles.

91.  The method of any one of claims 35 to 90, wherein the activation mixture further
comprises divalent cations.

92.  The method of claim 91. wherein the divalent cations are calcium ions.

93.  The method of any one claims 35 to 92. wherein the activation mixture reacts with
a coagulation factor selected from the group consisting of Factor VII, Factor Vill, and Factor IX.

94.  The method of claim 93, wherein the Factor VIII coagulation factor is a Factor
VIII protein or a fragment, variant, or derivative thereof.

95.  The method of claim 93, wherein the Factor [X coagulation factor is a Factor IX
protein or a fragment, variant, or derivative thereof.

96.  The method of claim 93, wherein the Factor VIII coagulation factor is a chimeric
Factor VIII-Fc fusion protein

97. The method of claim 93, wherein the Factor IX coagulation factor is a chimeric
Factor [X-Fc fusion protein.

98.  The method of any one of claims 96 or 97, wherein the Fc portion of the chimeric
Factor VIII or Factor IX protein comprises a human Fc domain.

99.  The method of claim 96, wherein the chimeric Factor VIII protein comprises a B-
domain deleted Factor VIII.

100. The method of any one of claims 94, 96 or 98, wherein the chimeric Factor VIII

protein comprises SEQ ID NO:6.
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101. The method of claim any one of claims 94, 96, 98, or 99, wherein the chimeric
Factor VIII protein comprises SEQ ID NO:2.

102. The method of any one of claims 95, 97 or 98, wherein the chimeric Factor IX
protein comprises SEQ ID NO: 13.

103.  The method of any one of claims 35 or 102, wherein the solid substrate is selected
from the group consisting of paper. plastic, glass, ceramic material, metal, and combinations
thereof.

104. The method of any one of claim 35 or 102, wherein the solid substrate is a surface
on a test strip, test stick, reaction chamber, cartridge, chip. well plate. or array used in an
apparatus to measure coagulation factor activity or coagulation time.

105. The method of any one of claims 35 to 102, wherein the patient has not yet been
treated with a coagulation factor.

106. The method of any one of claims 35 to 105, wherein the patient has received prior
coagulation factor treatment, but the treatment has been discontinued for a time period sufficient
to deplete the coagulation factor treatment from the patient's blood.

107. The method of any one of claims 35 to 106, wherein the measurement is carried in
a point of care test system.

108. The method of any one of claims 35 to 107, wherein the measurement is carried

out in a mechanical or optical analytical system.
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