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(57) Abstract: The present application generally relates to methods to prevent or treat bleeding and/or hypocoagulation in an indi -
vidual in need thereof, and compositions for use in such methods. The methods comprise administration of FVa, preferably an APC
resistant FVa (such as superFVa ), alone or in combination with FVIIa, preferably rhFVIIa (such as NovoSeven® or another FVIIa
having enhanced activity or half-life). When administered in combination, FVa and FVIIa elicit a synergistic benefit when used to
treat or prevent bleeding or hypocoagulation in subjects in need thereof, e.g., subjects with a genetic disorder such as hemophilia or
an acquired bleeding disorder or other condition associated with bleeding or hypocoagulation such as hemorrhagic stroke or shock,
trauma, surgery or dysmenorrhea or individuals who produce inhibitory antibodies against procoagulants such as FVIII or FIX or
who have been administered an overdose of an anticoagulant drug such as a direct Xa or direct thrombin inhibitor or a Novel Oral
Anti-Coagulant (NOAC) or demonstrate unexplained bleeding. Also, the invention relates to the use of a superFVa alone or in com-
bination with FVIIa or other procoagulant or prohemostatic agent to prevent, treat or reverse APC-associated bleeding, e.g., as the
result of APC overproduction (such as through serious injury and/or hemorrhagic shock) or APC or other anticoagulant therapy, e.g.,
in the treatment of inflammatory disorders or sepsis disease.
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THERAPY FOR TREATMENT OR PREVENTION OF CONDITIONS ASSOCIATED
WITH BLEEDING OR HYPOCOAGULATION

RELATED APPLICATIONS

(1] This application claims priority to U.S. Provisional Application No. 61/899,544,
filed on November 4, 2013, entitled “Combination Therapy for Treatment or Prevention of
Conditions Associated With Bleeding or Hypocoagulation”, and U.S. Provisional Application
No. 61/944,915, filed on February 26, 2014, entitled “Combination Therapy for Treatment or
Prevention of Conditions Associated With Bleeding or Hypocoagulation™, the contents of all

of which provisional applications are incorporated by reference herein in their entireties.

GOVERNMENT RIGHTS IN THE INVENTION

[2] This invention was made with government support under NIH grant HL021544
and HL104165 awarded by the National Institutes of Health (NIH). The government has

certain rights in the invention.

FIELD OF THE INVENTION

[3] The present application generally relates to methods and compositions for use in
such methods, for preventing or treating bleeding and/or hypocoagulation in an individual in
need thereof by administering a therapeutically effective amount of Factor Va (FVa),
preferably an activated Protein C (APC) resistant FVa, e.g., **'FVa, alone or in combination
with Factor VIla (FVlila), preferably a recombinant FVIla, more preferably rhFVIIa, e.g.
(NovoSeven®), or another variant of recombinant FVIIa, e.g., one exhibiting improved half-
life or increased activity; or another procoagulant or pro-hemostatic agent, wherein the
combination preferably elicits a synergistic effect on thrombin generation relative to the FVa
or FVlla or other procoagulant or pro-hemostatic agent when administered alone to a subject
in need thereof. Also, the invention relates to the use of FVa, preferably an APC resistant
FVa, alone or in combination with a FVIla, such as NovoSeven® or another variant
thereof, e.g., one possessing improved half-life or activity, or another procoagulant or pro-
hemostatic agent to treat or prevent bleeding due to excessive APC generation or

administration.
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BACKGROUND

[4] Bleeding disorders, and particularly congenital or acquired deficiencies in
coagulation factors, are typically treated by factor replacement. Bleeding disorders can be
congenital or acquired. Coagulation disorders include hemophilia, a recessive X-linked
disorder involving a deficiency of coagulation factor VIII (hemophilia A) or factor IX
(hemophilia B), and von Willebrand's disease, a rare bleeding disorder involving a severe
deficiency of von Willebrand factor. Hemophilia C is a milder form of hemophilia caused by
a deficiency in factor XI. It is usually asymptomatic, but factor replacement therapy may be

required during surgery.

[5] Acquired coagulation disorders can be caused by inhibitory antibodies (often
called “inhibitors™) against blood coagulation factors, such as Factor VIII (FVIII), von
Willebrand factor, Factors (F) IX, V, XI, XII and XIII; such inhibitors can arise against

exogenously infused FVIII or FIX, or in the setting of autoimmunity.

[6] Acquired coagulation disorders may also arise in individuals without a previous
history of bleeding as a result of a disease process. For example, acquired coagulation
disorders may be caused by hemostatic disorders such acute trauma, administration of
anticoagulants, infection, or liver disease (optionally one associated with decreased synthesis
of coagulation factors), all of which are associated with decreased synthesis of coagulation
factors. For example, acquired coagulation disorders may be due to disease or genetic
mutations associated with increased levels of soluble thrombomodulin and fragments thereof
(see Langdown J, Luddington RJ, Huntington JA, Baglin TP, A hereditary bleeding disorder
resulting from a premature stop codon in thrombomodulin (p.Cys537Stop). Blood. 2014 Sep
18;124(12):1951-6. doi: 10.1182/blood-2014-02-557538), the disclosure of which is

incorporated herein by reference in its entirety).

[7] Trauma is the leading cause of death in people younger than 45 years, with
hemorrhage accounting for nearly half of these deaths within several hours (see Cothren CC,
etal. Worl J Surg 2007; 31:1507-1511, the disclosure of which is expressly incorporated by
reference herein). Traumatic bleeding and coagulopathy are mediated by undue activation of
Protein C (PC), which in turn degrades activated (a) FV, an important clotting factor
molecule (see Daniel Frith and Karim Bohi; Curr Opin Crit Care 2012, 18:631-636; and
Chesebro BB, et al. 2009; Shock; 32: 659-665, the disclosures of which are expressly
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incorporated by reference herein). Outside of massive blood component transfusion, there is

no efficacious clotting factor replacement available.

[8] Increased risk of bleeding is also observed in patients receiving therapy with a
variety of anticoagulants and there is a general unmet need for prohemostatic agents that
reduce bleeding risk. Specifically, there is no effective treatment available against bleeding
caused by the novel anticoagulants (NOACs) that directly inhibit Factor Xa (FXa) or
thrombin [1, 2]. NOAC:s are increasingly prescribed for treatment and prevention of venous
thromboembolism as well as prevention of strokes in the setting of atrial fibrillation, and are
expected to supersede warfarin in the near future. This is because NOACs demonstrated at
least equal efficacy compared to warfarin without the need of frequent patient monitoring and
dose adjustments according to prothrombin times as is necessary for warfarin [3-8]. However,
as with warfarin, major or clinically relevant bleeding is a consequence of treatment with
NOAC:sS, and both cause bleeding at a rate of ~5%/year with a fatality rate of ~5-15% [3-8].
For warfarin-induced bleeding the administration of plasma products or prothrombin complex
concentrates (PCCs) is effective to achieve hemostasis [9, 10], but there are no antidotes
against NOAC-induced bleeding available at current. Interventions with plasma products or
PCCs in patients with NOAC-related bleeding are generally perceived as ineffective. Data
are limited to in vitro studies, animal models and healthy human volunteers where plasma
products or PCCs demonstrated only partial and inconsistent correction of in vitro hemostasis
parameters as well as poor or no bleed reduction in animal models [2]. Moreover,
intervention with rhFVIla (NovoSeven®), approved for bleed control in patients with
hemophilia and inhibitors and often used off-label for traumatic or surgical bleeding [11, 12],
seems ineffective for NOAC- and warfarin-induced bleeding. Only minor corrections of in
vitro hemostasis parameters were achieved with rhFVIla (NovoSeven®) in healthy
volunteers exposed to NOACs [13], and no effects on hemostasis were present in patients

treated with warfarin undergoing skin biopsies [14].

[9] Therefore, risk of bleeding and adequate prevention or control of bleeding episodes
remains a major concern for these classes of drugs. The lack of clinical options to reverse
bleeding associated with NOACs has spurred investigations into novel specific antidotes. As
such, the reversal properties of thrombin double mutant, W215A/E217A, that shortens direct
thrombin inhibitor-associated aPTT prolongation [15] and the dabigatran-specific humanized

monoclonal antibody fragment aDabi-Fab were recently reported [16]. A catalytically



WO 2015/066700 PCT/US2014/063898

inactive FXa that retains the ability to bind direct FXa inhibitors is in clinical development in

healthy volunteers [17].

[10]  Moreover, there is currently no effective and/or approved treatment for bleeding as a
common side effect of NOACs. Neither plasma products, rhFVIIa nor prothrombin complex
concentrates have demonstrated clinical efficacy to rescue bleeding, but are frequently used

in desperate situations absent any other treatments available.

[11] There is also no effective treatment for other severe bleeding situations such as in

hemorrhagic stroke or shock, serious injury, or perisurgically

[12] Hemophilia is characterized by either a deficiency of FVIII or FIX, known as
Hemophilia A or B, respectively. Severe hemophilia manifests with spontaneous joint,
muscle and intracranial bleeding, while bleeding in mild or moderate hemophilia usually only
occurs with hemostatic challenge such as trauma or surgery. Prior to the 1960s, hemophiliacs
usually died as infants. With the advent of safe clotting factor preparations the median life
span is now comparable to the general population (1), and the growing number of aging
hemophiliacs has unmasked a new need to optimize strategies of clotting factor replacement
therapies to decrease comorbidities inherent to bleeding such as burden of hemophilic

arthropathy.

[13] Conventional therapy for hemophilia A and FVIII inhibitor patients is
accomplished by therapeutics like recombinant FVIII or procoagulant bypassing agents, for
example FEIBA or recombinant FVIla. Although effective, development of inhibitory
antibodies which render the therapy ineffective is a common occurrence. Also, FVIla and
FEIBA as therapeutics for the treatment of FVIII inhibitor patients have quite short half-lives

and so require frequent intravenous administration.

[14] In fact, approximately 30% of hemophiliacs develop neutralizing inhibitory
antibodies against exogenously administered FVIII (2), which is the most devastating
complication of therapy since it leaves patients unresponsive to FVIII- or FIX-treatment.
Immune tolerance induction (IT]) to eradicate inhibitors can take up to 2 years (median of 6
months) and is successful in only approximately 70% of cases (3). During this time and, life-
long thereafter if ITI was not successful, patients are vulnerable to fatal bleeding, and are at

high risk of developing debilitating arthropathy with poor quality of life (4).

[15] FVlla-based clotting factor preparations were developed to treat patients with

inhibitors by rescuing bleeding through bypassing the need for intrinsic FVIlIa-, FIXa-, and

4
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FXIa-mediated thrombin amplification at the site of injury. At supraphysiological levels
FVlla accelerates thrombin generation based on direct activation of FX via tissue factor (TF)-

dependent pathways or independently of TF on the surface of platelets (5, 6).

[16] Unfortunately, treatment with FVIla-based bypassing agents remains suboptimal
and in clinical reality often unsuccessful (4, 7, 8). This makes new treatment strategies to
provide more sustained thrombin formation highly desirable and have inspired investigations
of several new clotting agents. These include novel FVIIa variants with increased catalytic
activity and half-life (9-11), engineered FIX-molecules with enhanced ability to bind and
activate FX (12), and engineered zymogen-like FX variants that become active upon
engaging FVa in the prothrombinase complex (13, 14). A research group including the
present inventors recently proposed “FVa activity augmentation” as another attractive
alternative bypassing strategy. FVa is an important cofactor in the prothrombinase complex
and enhances the rate of thrombin generation approximately 10,000-fold (15), but is also
rapidly inactivated by Activated Protein C (APC) (16). Since ***'FVa is APC-inactivation
resistant due to mutations of all three APC cleavage sites at Arg506, Arg306 and Arg679 and
at glycosylation site Ser2183, the interdomain disulfide bond (His609Cys-Glu1691Cys)
connecting the A2 and A3 domains (A2-SS-A3) and elimination of the glycosylation site at
Asn2181 due to mutation of Ser2183Ala (16), it is an ideal molecule for “FVa activity
augmentation”. This molecule demonstrated superior procoagulant properties in FVIII-
deficient plasma when compared to other FVa variants and was able to control bleeding in a
mouse model of Hemophilia A (von Drygalski A, et al. JTH 2014; 12:363-372), as well as in
a mouse model of acquired Hemophilia A, where anti-FVIII antibodies are injected into wild-
type mice to cause bleeding. Effects of **FVa were enhanced when combined with

rhFVlla.

[17]  The present invention addresses these needs and provides novel therapy and

therapeutic regimens for treating conditions associated with bleeding.

SUMMARY OF THE INVENTION

[18] There is a need for improved therapeutics and treatment regimens for treating
bleeding disorders, which are safe, convenient and effective. Also, there is a need for
therapies and therapeutic compositions which effectively treat or prevent APC-associated

bleeding, e.g., as the result of overexpression or hyperactivation of APC or the administration

wh
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of anticoagulants such as APC. The present invention provides such an improved therapeutic

regimen for alleviating such problems as well as novel compositions for use therein.

[19] As discussed infra, the inventors hypothesized that ***'FVa, an engineered FVa-
variant that potently normalizes hemostasis in hemophilia, fits the criteria for a prohemostatic
biologic and may be beneficial for bleeding associated with serious injury or treatment of
NOACs. ***FVa has enhanced specific activity compared to wild type FVa due to an
engineered disulfide bond (Cys609-Cys1691) between the A2 and A3 domains (FV (A2-SS-
A3)) and, its biological activity is augmented by mutations of the Activated Protein C (APC)
cleavage sites (Arg506/306/679GIn) and the elimination of the glycosylation site at Asn2181
due to mutation of Ser2183Ala. As a result of these modifications, **P*FVa was found to be
highly resistant to APC inactivation with superior hemostatic properties in hemophilic plasma
compared to other FVa variants and efficiently prevented bleeding in a hemophilic mouse
model (von Drygalski A, et al., Improved hemostasis in hemophilia by means of an
engineered factor Va mutant. J Thromb Haemost; 2014; 12:363-372). Moreover, in
hemophilia plasma with inhibitors ***FVa surprisingly exhibited synergistic effects in
combination with rhFVIIa on thrombin generation and prolongation of clot lysis (Bhat V. and
von Drygalski A, et al; unpublished data). ****FVa was also efficient to restore hemostasis
parameters of human APC-treated plasma while rhFVIIa or PCCs would not, and could
abrogate APC-induced bleeding and death following tail clip or liver laceration in wild-type
mice (von Drygalski A, et al; An engineered FVa prevents bleeding induced by anticoagulant
wild-type Activated Protein C. PLOS One; 2014 Aug 15; 9(8):e104304 (doi:
10.1371/journal.pone.0104304. eCollection 2014)). As discussed herein, ***'FVa has
demonstrated superior hemostatic properties in human plasma spiked with NOACs as well as
significant bleed reduction in mice treated with NOACs. Moreover, as provided herein, the
prohemostatic properties of **FVa were enhanced when combined with, e.g., PCCs or

rhFVlla or FIXa or FXa.

[20] Based on these observations, the inventors concluded that ***FVa, as an
engineered FVa-variant that potently normalizes hemostasis in hemophilia and in APC-
induced bleeding, potentially would fit the criteria for a prohemostatic biologic that could
improve bleeding induced by NOACs, such as FXa inhibitors. Therefore, in one aspect, the
present invention provides a therapy for preventing or treating a bleeding related condition

associated with, induced by or mediated by a novel oral anticoagulant drug (NOAC),
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comprising the use of ***FVa or other APC-resistant FVa alone or in combination with the

NOAC.

[21] Additionally, based thereon, the invention in part relates to the use of FVa,
preferably an APC resistant FVa, alone or in combination with a FVIIa, such as NovoSeven®
or another variant thereof, e.g., one possessing improved half-life or activity to treat or
prevent bleeding due to excessive APC generation or APC or anticoagulant administration or

synthetic small molecules and biologics.

[22] Also, the invention relates to the administration of ***'FVa alone or in association
with FVIla to reverse or inhibit APC-associated bleeding, e.g., in individuals with
inflammatory disorders, sepsis disease, wound healing, and/or disease due to exposure to

nuclear radiation.

[23] It is an object of the present invention to provide a novel therapeutic regimen for
treating subjects in need of enhanced blood coagulation, e.g., those with genetic and acquired
bleeding disorders; or hemophilia with inhibitors; or a hemostatic disorder; or unexplained
bleeding, which comprises the use of FVa alone or in combination with FVIla. Preferably,
the FVa contains one or more natural (e.g., Leiden, Cambridge, or Hong Kong mutations) or
genetically engineered mutations that render it resistant to APC (more resistant to APC than
an otherwise identical FVa polypeptide lacking the mutations). The natural mutations
preferably are at one or both of amino acid positions 306 and 506, preferably Arg306Gln and
Arg506GIn. The genetically engineered mutations preferably occur at positions position 306,

506, 679, 1491, 1691, 1736 and 2183 and render the FVa resistant to APC cleavage.

[24] More preferably, the FVa is a “***FVa” that has specific mutations that render the
FVa particularly APC resistant, i.e., one or all of the mutations R306Q, R506Q, H609C,
R679Q, Deletion 810-1489, G1491P, E1691C, M1736V, and S2183A, with or without the
formation of an intramolecular interdomain disulfide bridge between C609 and C1691. Most
preferably, ****'FVa has mutations at R306Q, R506Q, H609C, and R679Q and/or mutations at
G1491P, E1691C, M1736V, and S2183A, with or without the formation of an intramolecular
interdomain disulfide bridge between C609 and C1691, and deletion of amino acids 810-
1489 (relative to wt FVa).

[25] Also, preferably, the FVIIa is rhFVIla (NovoSeven®) or another variant of FVIIa,
preferably one having enhanced half-life and/or activity, e.g., as a result of mutagenesis

and/or attachment to moieties known to enhance half-life such as water soluble polymers
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including polyethylene glycol. The subject combination and therapeutic regimen using such
combination has been found to elicit a synergistic effect on clotting, i.e., coagulation,
relative to presently available treatment regimens for treating bleeding or hypocoagulation

disorders such as hemophilia by synergistically promoting the generation of thrombin.

[26] More specifically, it is an object of the invention to provide methods of promoting
blood coagulation or the reduction or prevention of bleeding in an individual in need thereof
comprising the administration of an effective amount of FVa with or without FVIIa.
Preferably, the relative dosage amounts will elicit a synergistic effect on clotting or
coagulation by synergistically promoting the generation of thrombin. (Exemplary
contemplated dosing schedules for the treatment of exemplary indications wherein the subject

combination will be of use in treating or preventing hypocoagulation or bleeding are set forth
infra).

[27] It is another object of the invention to provide methods of promoting blood
coagulation in an individual in need thereof consisting of the administration of an effective
amount FVa alone or in combination with FVIla, i.e., wherein the only blood coagulation
promoting agents administered are FVa, preferably a ****' FVa or other protease resistant FVa,

and FVlla.

[28] It is another object of the invention to provide methods of promoting blood
coagulation in an individual in need thereof comprising the administration of FVa,
preferably a **"FVa (mutated to be highly APC resistant) alone or with thFVIla
(NovoSeven®) which in association synergistically promote thrombin generation, or in
combination with other FVIla and optionally in association with another active agent or
procoagulant or pro-hemostatic agent, e.g., FXI, FXII, prekallikrein, high molecular weight
kininogen (HMWK), FV, FVIL, FVIII FVIlla, FIX, FX, FXIII, FH, fresh frozen plasma, and
von Willebrand factor or activated forms of the factors listed above or a non-anticoagulant
sulfated polysaccharide (NASP) such as pentosan polysulfate (PPS), fucoidan, N-acetyl-
heparin (NAH), N-acetyl-de-O-sulfated-heparin (NA-de-0-SH), de-N-sulfated-heparin (De-
NSH), de-N-sulfated-acetylated-heparin (De-NSAH), periodate-oxidized heparin (POH),
chemically sulfated laminarin (CSL), chemically sulfated alginic acid (CSAA), chemically
sulfated pectin (CSP), dextran sulfate (DXS) and heparin-derived oligosaccharides (HDO).

[29] It is another object of the invention to provide methods of preventing bleeding or

promoting blood coagulation in an individual in need thereof comprising the administration
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of an effective amount of FVa alone or in combination with FVIla, preferably ****FVa and
rhFVIla, wherein the FVa alone or in combination with FVIIa is administered by a means
selected from orally, via injection (subcutaneously, intravenously or intramuscularly), by

infusion, by inhalation, or locally.

[30] It is another specific object of the invention to provide methods of promoting
blood coagulation in an individual who has a genetic disorder associated with abnormal
bleeding. In one embodiment, the invention provides methods of promoting blood
coagulation in an individual who has a genetic disorder associated with bleeding, e.g.,

hemophilia or more specifically hemophilia A, hemophilia B, and von Willebrand's disease.

[31] It is another object of the invention to provide methods of promoting blood
coagulation in an individual in need thereof, e.g., one who has a genetic coagulation disorder,
¢.g., in which blood coagulation factors (such as FV, FVIII, prothrombin, thrombomodulin,
Protein C and Protein S, antithrombin, homocysteine, or lipoprotein(a)), are absent, present at
lower than normal levels or present at normal levels with impaired function due to a genetic
mutation or polymorphism; or an acquired coagulation disorder, e.g., one which confers
autoimmunity against blood coagulation factors, such as FVIII, von Willebrand factor, factors
IX, V, XI, XII and XIII; or hemophilia with inhibitors; or a hemostatic disorder such as
caused by liver disease, optionally one associated with decreased synthesis of coagulation

factors; dysmenorrhea; or unexplained bleeding.

[32] It is another specific object of the invention to provide methods of preventing
bleeding or promoting blood coagulation in an individual in need thereof, wherein the
individual has or is at risk of bleeding as the result of trauma, surgery, dental procedure or
another invasive procedure, or exhibits unexplained bleeding. The treated subject may have
or is at risk of developing APC-associated or APC-induced or APC-mediated bleeding due to,

e.g., hemorrhagic stroke or shock, trauma, surgery or dysmenorrhea.

[33] It is another object of the invention to provide methods of promoting blood
coagulation in an individual in need thereof comprising the administration of a synergistically
effective amount of FVa and FVIla, wherein said FVa and FVIla are contained in the same
composition or different compositions and are administered together or separately, at the
same or different times and in either order. Typically, administration is effected at the same
time or proximate so as to achieve the desired synergistic effect on coagulation and thrombin

generation. For synergy, dosing will be dependent on the in vivo half-life (T, ) for FVIla and



WO 2015/066700 PCT/US2014/063898

the particular FVa used in the treatment method, preferably a **™FVa according to the
invention. The Ty, for **"FVa or another FVa, e.g., a FVa variant, e.g., one possessing
enhanced stability, or half-life may be determined by known methods. The T\, ; FVIIa is
~2.5 hr. Based on this Ty, and based on its anticipated Ty, ***FVa preferably will be dosed
within 4x Ty, of FVIla, preferably within 1x T, of FVIIa, i.e., administration from about

every 10 hours to about 2.5 hours.

[34] It is a specific object of the invention to provide methods of promoting blood
coagulation in an individual in need thereof comprising the administration of an effective
amount of FVa alone or in combination with FVIla. The FVa is preferably resistant to APC
degradation, e.g., the FVa contains one or more naturally occurring or genetically engineered
mutations that render the FVa more resistant to APC than an otherwise identical FVa
polypeptide lacking said one or more mutations. Even more preferably, the FVa is a **'FVa
comprising one or all of the mutations Arg306GIn, Arg506GIn and Arg679GIn and/or the
introduction of cysteine residues at position 609 and/or 1691 (with and without an
intramolecular interdomain disulfide bridge inserted between those cysteine residues) and/or
the mutant comprises one or more natural mutations (e.g., Leiden mutation) that render the
FVa APC resistant, e.g., substitution mutation at position 506, preferably Arg506Gln and/or
the FVa mutant comprises a mutation at one or more sites selected from position 306 (e.g.,
the Cambridge substitution Arg306Thr, the Hong Kong substitution Arg306Gly or,
preferably, Arg306Gin), 506, 679, and 1736 that render the FVa resistant to APC cleavage
and/or elimination of the glycosylation site at Asn2181 due to mutation of Ser2183Ala
mutation. Most preferably, the ***"FVa comprises a sequence at least 90% identical, at least
95% identical or identical to SEQ ID NO:4 and including an intramolecular interdomain

disulphide bridge between cysteine residues at position 609 and 1691.

[35] Also, the FVIIa may be wild-type or a variant hFVIla such as NovoSeven® or
another FVIIa variant possessing enhanced activity and/or half-life as a result of mutagenesis
and/or the attachment of moieties that increase in vivo half-life or activity such as water
soluble polymers such as polyethylene glycols and the like. Preferably, FVIIa comprises a
sequence at least 90% identical, at least 95% identical or identical to SEQ ID NO:2.

[36] It is another object of the invention to provide compositions for use in the subject
therapeutic regimens for promoting blood coagulation in an individual in need thereof, i.e., a
composition for administration to a patient having or at risk of developing abnormal bleeding

or hypocoagulation which composition comprises a prophylactically or therapeutically
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effective amount of FVa with or without FVIla. Preferably, when the said FVa and FVIla are
administered in combination, they elicit a synergistic effect on the treatment or prevention of
bleeding and/or enhanced coagulation by synergistically promoting the generation of
thrombin. In a particular embodiment, the compositions, when administered to an individual
in need thereof, are capable of eliciting a synergistic effect on coagulation or the prevention
of bleeding by synergistically promoting the generation of thrombin or restoring resistance of
the clot or increasing the clot lysis time or by restoring the activation of Thrombin

Activatable Fibrinolysis Inhibitor (TAFI).

[37] In preferred embodiments, the FVa in the composition is one which is resistant to
APC degradation, e.g., it contains one or more natural or genetically engineered mutations
that render the FVa more resistant to APC than an otherwise identical FVa polypeptide
lacking said one or more mutations. Preferably, the FVa is a ***FVa comprising one or all of
the mutations Arg306Gln, Arg506Gln and Arg679Gln and/or is mutated to include cysteine
residues at position 609 and/or 1691, with and without an intramolecular interdomain
disulfide bridge inserted between the two cysteine resides, and/or contains one or more
natural mutations (e.g., Leiden mutation) that render the FVa APC resistant, e.g., Leiden
mutation is at the amino acid position numbered 506 (in the mature protein), preferably
Arg506Gin, and/or it comprises a mutation at one or more sites selected from position 306,
506, 679, and 1736 that render the FVa resistant to APC cleavage and/or the FVa contains a
mutation that alters glycosylation, such as a Ser2183Ala mutation. Most preferably, the
*P'FVa comprises a sequence at least 90% identical, at least 95% identical or identical to
SEQ ID NO:4 and including an intramolecular interdomain disulphide bridge between

cysteine residues at position 609 and 1691.

[38] Again, the FVIla preferably comprises rhFVIla, e.g., wild-type or a variant
possessing improved activity and/or half-life such as (NovoSeven® or another variant.
Preferably, FVIla comprises a sequence at least 90% identical, at least 95% identical or
identical to SEQ ID NO:2. In preferred embodiments these compositions are adopted for
administration by a route selected from orally, via injection (e.g., subcutaneously,

intravenously or intramuscularly), by infusion, or locally.

[39] It is a specific object of the invention to provide a combination therapy for treating
a bleeding related condition comprising the combined use of ****FVa or other APC-resistant

FVa and at least one of recombinant FVIla, recombinant FIXa, recombinant FXa, a
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prothrombin complex concentrate, or a combination thereof in order to synergistically

improve thrombin generation or hemostasis potential.

[40] It is another specific object of the invention to prevent and/or reduce bleeding
induced by the use of novel oral anticoagulant drugs (NOACs) recently developed for
treatment and prevention of thrombotic disorders and stroke, such as direct Xa inhibitors such
as Rivaroxaban and Apixaban and Edoxaban, or a combination thereof, as well as direct
thrombin inhibitors such as Dabigatran, and optionally further including the use of

Kcentra™, in combination with **"FVa.

[41] In a related aspect, the invention provides *"*FVa or other APC-resistant FVa
variants alone or as a co-therapeutic with recombinant FVIIa or other pro-hemostatic agents
(e.g., 3-factor PCC, 4-factor PCC, activated PCC, FEIBA, fresh frozen plasma, FVa, FIXa,
FXa) to provide an antidote for bleeding due to a subclinical dose, clinical dose and/or

overdose of NOAC.

[42] In addition, the invention provides the use of **"FVa alone or in combination
with other therapeutics (e.g., recombinant FVIla or other pro-hemostatic agents (e.g., 3-factor
PCC, 4-factor PCC, activated PCC, FEIBA, fresh frozen plasma, FVa, FIXa, FXa) to prevent
or treat bleeding in other indications such as hemorrhagic stroke or shock, trauma or surgery,
including prophylaxis for surgery in patients that have been treated with NOACs (e.g., direct

Factor Xa inhibitor and/or thrombin inhibitor).

[43] It is another object of the invention to provide synergistic combinations and uses
thereof comprising FVIla; FX and FXa; FIX and FIXa; prothrombinase complex concentrate
(PCC); 3-factor PCC; 4-factor PCC; activated PCC; Factor eight bypassing activity (FEIBA);
fresh frozen plasma; and FV or FVa with **'FVa or other FVa variants in order to provide
improved efficacy over the agents alone in the treatment and prevention of bleeding episodes

and bleeding related conditions.

[44] It is another object to demonstrate the synergism of rhFVIla or prothrombin complex

concentrates and **FVa in plasma containing NOACs.

[45] Itis yet another object of the invention to provide an isolated nucleic acid molecule
encoding an activated form of FV comprising SEQ ID NO:4; a host cell comprising the
isolated nucleic acid, e.g., SEQ ID NO:4; and methods for recombinant production of an

activated form of FV, comprising culturing the host cell comprising the isolated nucleic acid
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under conditions suitable for FV production and optionally isolating and purifying said

activated form of FV.

DETAILED DESCRIPTION OF THE FIGURES

[46] Figure 1A and B contains an experiment showing the synergistic effects of FVIla
and *"*FVa in FVIII-deficient plasma. Thrombin generation was determined as ETP and
peak height in FVIII-deficient plasma supplemented with increasing concentrations of
*P“FVa in the absence or presence of a fixed concentration of thFVIIa (NovoSeven®, 25
ng/mL). (A) Representative example of ETP at increasing concentrations of ***'FVa in the
absence (top panel) or presence of rhFVIIa (bottom panel). (B) ETP (top panel) and peak
height (bottom panel) achieved with increasing concentrations of *"FVa in the absence
(black curve) or presence of rhFVlla (red curve). Endogenous Thrombin Potential; ETP.

SUPTEVa; SFVa. Error bars represent standard error of the mean (n>5).

[47] Figure 2A and B contain the results of an experiment that shows the synergistic
effect of FVIIa and *"FVa in FVIII-deficient plasma. Thrombin generation was determined
as ETP and peak height in FVIII-deficient plasma supplemented with increasing
concentrations of thFVIla (NovoSeven®) in the absence or presence of a fixed concentration
of *"FVa (0.59 pg/ml). (A) Representative example of ETP at increasing concentrations of
rhFVIla in the absence (top panel) or presence of **FVa (bottom panel). (B) ETP (top
panel) and peak height (bottom panel) achieved with increasing concentrations of thFVIla in
the absence (black curve) or presence of *"“FVa (red curve). Endogenous Thrombin

Potential; ETP, " FVa; SFVa. Error bars represent standard error of the mean (n>5).

[48] Figure 3A and B contain the results of an experiment that shows the synergistic
effect of FVIla and *"FVa in Normal Human Plasma (NHP) with anti-FVIII antibody
(inhibitor). Thrombin generation was determined as ETP (top panels) and peak height
(bottom panels) in normal human plasma supplemented with 1.25 pg/ml anti-human FVIII-
antibody. (A) Thrombin generation with increasing concentrations of ***FVa in the absence
(black curve) or presence of a fixed dose of rhFVIla (NovoSeven®, 25ng/ml) (red curve)
concentration. (B) Thrombin generation with increasing concentrations of thFVIIa in the
absence (black curve) or presence of a fixed dose of **"FVa (red curve) concentration.
Endogenous Thrombin Potential; ETP. ®**"FVa; SFVa. Error bars represent standard error of

the mean (n>5).
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[49] Figure 4A and B contain the results of an experiment that shows the synergistic
effect of FVIIa and **FVa in plasma of patients with congenital FVIII-deficiency and high
titer anti-FVIII antibodies (inhibitors). Thrombin generation was determined as ETP (top
panel) and peak height (bottom panel) in (A) plasma samples with inhibitors from 2 patients
seen at the UCSD Hemophilia Treatment Center or (B) commercial plasma samples with
inhibitors from 3 different patients. ETP was determined at 2 different concentrations of
*P'F'Va or rhFVIla, or combinations thereof. Inhibitor titers are expressed in BU. Pooled
NHP served as control. Endogenous Thrombin Potential; ETP. Normal Human Plasma; NHP.

BU; Bethesda Unit. Error bars represent standard error of the mean (n>3).

[50] Figure 5A and 5B contains the results of an experiment that shows the synergistic
effect of *"“FVa in the plasma of a patient with congenital FVIII-deficiency and high titer
anti-FVIII antibodies treated with thFVIIa (NovoSeven®) for acute joint bleeding. Plasma
samples were obtained just before (open circles) and 5 minutes post infusion of rhFVIIa at 90
rg/’kg (open squares) from 2 patients with BU-titers of 64 U/mL (Patient A) and 32 U/ml
(Patient B), respectively. Thrombin generation was determined as ETP (top panel) or peak
height (bottom panel) with increasing concentrations of ****FVa added to plasma samples ex
vivo. Endogenous Thrombin Potential; ETP. BU; Bethesda Unit. Error bars represent

standard error of the mean (n>3).

[51] Figure 6 contains a Bethesda titer of GMA8015 anti-FVIIIL. FVIII inhibitory
activity was measured according to a modified Nijmegen Bethesda assay according to the
protocol described in Barrow and Lollar, JTH, 2006. 50% FVIII activity was remaining at
0.031 ug/ml of GMAS8015. This results in 32,300 BU/mg of GMAS8015.

[52] Figure 7 shows thrombin generation in normal human plasma with and without
isotype antibody. Thrombin generation was determined in pooled normal human as
endogenous thrombin potential (ETP) in normal pooled human plasma in the presence or
absence of 1.25 pg/ml isotype antibody, expressed as area under the curve (top panel) and

peak height (bottom panel). Error bars represent standard error of the mean (n>3).

[53] Figure 8A and 8B contain the results of experiments determining thrombin
generation. In the experiments in Panel A and B this was respectively determined in A) using
normal human plasma and B) using murine Balb/c plasma supplemented with rhFVa or

rh*PFVa in the presence of thAPC. Thrombin generation was expressed as area under curve
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(AUC) (n=4-6). Error bars represent standard error of the mean. * denotes statistical

significance (all p-values < 0.001).

[54] Figure 9A-C show aPTT correction. In the experiments in Panel A) aPTT
clotting times were determined in human plasma in the presence of a) increasing
concentrations of thFVa or rh™"FVa in the presence of 10 nM rhAPC (n=4), and in Panel
B) aPTT clotting times are depicted as a single data point at 10 nM rhAPC and 1nM rh FVa
variants, and in Panel C) aPTT clotting times were detected in murine plasma in the presence
of thFVa variants (n=10). Error bars represent standard error of the mean. * denotes statistical

significance (all p-values < 0.001).

[55] Figure 10 shows aPTT correction with FVa variants after intravenous injection of
recombinant murine APC into Balb/C mice. Mice were injected intravenously with saline or
rmAPC (0.5 mg/kg). Two minutes later blood was collected retroorbitally and whole blood
APTT was determined immediately. In two groups of mice that were injected with APC
whole blood was spiked ex vivo with either ***FVa or wt FVa (open triangles 1 U/mL, open
circles 0.5 U/mL, closed triangles 0.05 U/mL) to determine the extent of APTT correction
with both variants. Error bars represent standard error of the mean. * denotes statistical

significance (all p-values < 0.001).

[56] Figure 11A-C contains the results of experiments showing the correction of APC-
induced bleeding by *"FVa in the murine tail clip model. Wild-type mice were injected
intravenously with increasing doses of thAPC or with saline. **"FVa was injected
intravenously 2 minutes prior to APC at 2 concentrations. Bleeding after tail clip is expressed
as blood loss in pl blood per gram mouse. Panel (A) shows blood loss during 20 minutes,
and divided into (B) 1st 10 minutes and (C) 2nd 10 minutes after tail clip is depicted. Error

bars represent SEM. * denotes statistical significance (p-value < 0.05).

[57] Figure 12 contains the results of experiments showing the direct comparison of
bleeding patterns following tail clip and liver laceration. FVIII-deficient mice were injected
intravenously with saline (200 pL) or rthFVIII (50 U/kg; 200 pL) and subjected to tail clip or
liver laceration. Wild-type Balb/c mice were injected with saline for baseline values. Blood

loss in all groups of mice during 20 minutes was determined in both models.

[58] Figure 13A-C shows the results of experiments demonstrating the correction of
APC-induced bleeding by the administration of ***'FVa after liver laceration. Mice were

injected intravenously with saline or plasma derived human APC at 1.25 mg/kg. **'FVa was
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injected intravenously 2 minutes prior to APC at 3.5 mg/kg. Bleeding after liver laceration is
expressed as blood loss in ul blood per gram mouse. (A) Blood loss and (B) survival during
20 minutes. (C) Blood loss divided into 1** 10 minutes (top panel) and 2™ 10 minutes (bottom
panel) after injury. Error bars represent SEM. * denotes statistical significance (p-value <
0.01). “Four of 13 mice injected with APC died during the 1** 10 minutes after injury (open
circles). Three more mice died during the 2™ 10 minutes, respectively (open rectangles) and
are therefore excluded from bottom panel. Error bars represent standard error of the mean. *

denotes statistical significance (all p-values < 0.01).

[59] Figure 14A and B contain the results of experiments showing suppression of
thrombin generation by rhAPC plasma and the dose response. Thrombin generation was
determined in A) normal human plasma and B) mouse plasma in the presence of increasing

of thAPC. Thrombin generation was expressed as area under curve AUC.

[60] Figure 15 A and 15B contain the results of experiments showing aPTT.
Prolongation of aPTT clotting times in plasma by thAPC and the dose response. aPTT was
determined in A) normal human plasma and B) murine plasma after supplementation with

increasing concentrations of hAPC (n=2-5). Error bars represent standard error of the mean.

[61] Figure 16 A and 16B show the rescue of APC-induced reduction of thrombin
generation in human plasma. Thrombin generation was determined in normal human plasma
as A) Area Under the Curve (AUC) and B) Peak Height in the presence of rhAPC. For rescue

of thrombin generation ***FVa and rhFVIla were applied either alone or in combination.

[62] Figure 17 contains the results of a clot lysis assay performed to study the effect of
anti-FVIII antibody on normal human plasma. Titration of anti-FVIII antibody showed that
more than 5 pg/ml antibody was sufficient to decrease the clot lysis time to the level of
TAFIa inhibitor (CPI) control.

[63] Figure 18A and 18B contains the results of a clot lysis assay wherein 10 pg/ml
antibody concentration was used to assess the effect of rhFVIla and **FVa individually and
in combination on clot lysis of normal human plasma including an inhibitor against FVIII. As
shown therein the rhFVIla and *"**FVa individually showed an enhancement of clot lysis
time in normal human plasma incubated with 10 pg/ml of anti-FVIII antibody at higher

concentration of 2 pg/ml and ~ 2-5 pg/ml, respectively.

[64] Figure 19A and B contains the results of a clot lysis assay wherein rhFVIla and

*PFVa were used in combination. As shown therein, clot lysis time was observed to
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enhance to the level of normal plasma at a decreased concentration of thFVIIa by two orders
of magnitude and in ***"FVa by more than an order of magnitude demonstrating a synergistic
effect of both rhFVIIa and ***FVa on correcting the clot lysis time of normal human plasma

(NHP) with inhibitors against FVIII.

[65] Figure 20A and 20B show the synergistic effect of ***FVa and FVIla in NHP
treated with Rivaroxaban. Thrombin generation was determined as ETP and peak height in
NHP in the presence of 200 nM Rivaroxaban. The effects on reversal of thrombin generation
with rhFVIla (2 pg/mL) alone, with ***FVa (400 nM) alone, or with combination of a fixed
dose of rhFVIla (2 pg/mL) and increasing doses of ***FVa (6.25 — 400 nM) were studied.
(A) Representative example. (B) ETP (top panel) and peak height (bottom panel) as
combined results from 3-5 independent experiments. rhFVIla at 2 pg/mL corresponds to the
expected plasma concentration after infusion of 90 pg/kg. The red dot represents ETP in NHP
in the absence of rivaroxaban. Endogenous Thrombin Potential; ETP. Normal human plasma;

NHP. **'FVa; *FVa. Error bars represent standard error of the mean (n>3).

[66] Figure 21A and 21B show the synergistic effect of ****FVa and FVIla in NHP
treated with Apixaban. Thrombin generation was determined as ETP and peak height in NHP
in the presence of 200 nM Apixaban. The effects on reversal of thrombin generation with
rhFVIla (2 ng/mL) alone, with ***"FVa (400 nM) alone, or with combination of a fixed dose
of rhFVlla (2 pg/mL) and increasing doses of **“FVa (6.25 to 400 nM) were studied. (A)
Representative example. (B) ETP (top panel) and peak height (bottom panel) as combined
results from 3-5 independent experiments. rhFVIla at 2 pg/mL corresponds to the expected
plasma concentration after infusion of 90 pg/kg. The red dot represents ETP in NHP in the
absence of apixaban. Endogenous Thrombin Potential; ETP. Normal human plasma; NHP.

SuerEva: SEVa, Error bars represent standard error of the mean (n>3).

[67] Figure 22A and 22B show the synergistic effect of ***FVa and increasing
concentration of Kcentra™ in NHP treated with Rivaroxaban. Thrombin generation was
determined as ETP and peak height in normal human plasma supplemented with 200 nM
rivaroxaban. The effects on reversal of thrombin generation with Kcentra™ alone at
increasing concentrations (0.08 to 1.35 U/mL) or in combination with **'FVa (50 nM) were
studied. (A) Representative example of ETP at increasing concentrations of Kcentra™ in the
absence (top panel) or presence of **“FVa at 50 nM concentration (bottom panel). (B) ETP
(top panel) and peak height (bottom panel) achieved with increasing concentrations of

Kcentra™ in the absence (black curve) or presence of **FVa (red curve). Kcentra™ at 1.35

17



WO 2015/066700 PCT/US2014/063898

U/kg corresponds to the expected plasma concentration after infusion of the highest
recommended dose (50 U/kg). The blue point represents the ETP of normal human plasma in
the absence of rivaroxaban. Endogenous Thrombin Potential; ETP. ***'FVa; *FVa. Normal

human plasma; NHP. Error bars represent standard error of the mean (n>3).

[68] Figure 23A and 23B show the synergistic effect of **“FVa and increasing
concentration of Kcentra™ in NHP treated with Apixaban. Thrombin generation was
determined as ETP (top panels) and peak height (bottom panels) in normal human plasma
supplemented with 100 ng/ml apixaban. (A) Representative example of ETP at increasing
concentrations of Kcentra™ in the absence (top panel) or presence of ***FVa at 50 nM
concentration (bottom panel). (B) ETP (top panel) and peak height (bottom panel) achieved
with increasing concentrations of Kcentra™ in the absence (black curve) or presence of
*"'FVa (red curve). Kcentra™ at 1.35 U/kg corresponds to the expected plasma
concentration after infusion of the highest recommended dose (50 U/kg). The blue point
represents the ETP of normal human plasma in the absence of apixaban. Endogenous
Thrombin Potential; ETP. *FVa; SFVa. Normal human plasma; NHP. Error bars represent

standard error of the mean (n>3).

[69] Figure 24A and 24B show the synergistic effect of Kcentra™ and increasing
concentration of *""*FVa in NHP treated with Rivaroxaban or Apixaban. Thrombin
generation was determined as ETP (top panels) and peak height (bottom panels) in NHP
supplemented with Kcentra (1.35 U/mL) in combination with increasing concentrations of
*PFVa (1.25 to 400 nM) in the presence of (A) 200 nM Rivaroxaban and (B) 200 nM
Apixaban. Kcentra™ at 1.35 U/kg corresponds to the expected plasma concentration after
infusion of the highest recommended dose (50 U/kg). The blue point represents the ETP of
NHP in the absence of rivaroxaban or apixaban. The black point represents the ETP of NHP
with Kcentra (1.35 U/mL) alone in the presence of rivaroxaban or apixaban. Endogenous
Thrombin Potential; ETP. "FVa; FVa. Normal human plasma; NHP. Error bars represent

standard error of the mean (n>3).

[70] Figure 25A, B and C show bleed correction following injection of rhFVIla
combined with *"“'FVa is similar to bleed correction with FVIII. FVIII-deficient mice were
injected intravenously with saline, thFVIII, increasing doses of **'FVa, rhFVIla, or rhFVIla
in combination with **FVa (1 Unit = activity of 20 nM wild-type FVa in the
prothrombinase assay). Bleeding was determined during 20 minutes after tail clip and

expressed as blood loss in pl blood per gram mouse. Error bars represent SEM. Blood loss in
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mice injected A) with saline, rhFVIII and with increasing doses of ****FVa or rhFVlIla, B)

with low dose or C) medium dose of **"*"FVa or rhFVIla alone and in combination.

[71] Figure 26A and 26B show dose titration of Rivaroxaban in NHP. Thrombin
generation was determined as ETP and peak height in NHP supplemented with increasing
concentrations of rivaroxaban. (A) Representative example. (B) Increasing suppression of
ETP (top panel) and peak height (bottom panel) achieved with increasing concentrations of
rivaroxaban. Endogenous Thrombin Potential; ETP. Normal Human Plasma; NHP. Error bars

represent standard error of the mean (n>3).

[72] Figure 27A and 27B show dose titration of Apixaban in NHP. Thrombin
generation was determined as ETP and peak height in NHP supplemented with increasing
concentrations of apixaban. (A) Representative example. (B) Increasing suppression of ETP
(top panel) and peak height (bottom panel) achieved with increasing concentrations of
apixaban. Endogenous Thrombin Potential; ETP. Normal Human Plasma; NHP. Error bars

represent standard error of the mean (n>3).

[73] Figure 28A and 28B show the synergistic effect of ***FVa in combination with
rhFVIIa on clot stabilization in NHP spiked with anti-FVIII antibody. Clot lysis time was
determined by t-PA mediated fibrinolysis following thrombin induced fibrin clot formation in
NHP spiked with anti-FVIII-antibody. (A) Increasing concentrations of rhFVI1la were added
in the absence (open circle) or presence (open square) of ***"FVa (0.37 nM). (B) Increasing
concentrations of *"*FVa were added in the absence (open circle) or presence (open square)
of rhFVIIa (0.37 nM). Clot lysis time of NHP without inhibitors in the absence (open upward
triangle) or presence of CPI (open downward triangle) represent control experiments. Normal
human plasma; NHP. Carboxypeptidase inhibitor from potato tubers; CPI. Error bars

represent standard error of the mean (n>3).

[74] Figure 29A and 29B show bleed correction following injection of ****FVa,
rhFVlla, mFVIla and a combination thereof. Balb/c mice were injected intravenously with
antibody against FVIII (0.25 mg/kg) and bleeding was determined during 20 minutes after
tail clip and expressed as blood loss in pl blood per gram mouse. (A) Blood loss was
measured by intravenous injection of saline, increasing doses of ***FVa or rhFVIla and a
combination of rhFVIla and ****FVa at low concentration. (B) Blood loss was measured by

intravenous injection of an increasing dose of mFVIIa and a combination of mFVIla and
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*"FVa at low concentration. Error bars represent SEM. 1 Unit = activity of 20 nM wild-type

FVa in the prothrombinase assay. NS; No Significance.

[75] Figure 30 shows a comparison of bleed correction following injection of thFVIla
or mFVlla at different concentrations. Balb/C mice were injected intravenously with
antibody against FVIII (0.25 mg/kg) and bleeding was determined during 20 minutes after
tail clip and expressed as blood loss in pl blood per gram mouse. Blood loss was measured
after intravenous injection of saline, increasing doses of mFVIlIa or rhFV1Ia. Error bars

represent SEM.

[76] Figure 31 shows the minimum concentration of rthFVIIa or ***'FVa, alone and in
combination, to prolong mean clot lysis time to normal. (A) Prolongation of clot lysis time in
NHP spiked with anti-FVIII antibody (10 pg/ml) to that of NHP without antibody (+/- 10 %).
Mean clot lysis time of Normal Human Plasma was ~ 105 min (n=3, SEM = 6.4), and of
FVIII deficient Plasma with rhFVIII was ~ 95 min (n=3, SEM =+ 7.5), respectively. Normal
human plasma; NHP.

[77] Figure 32 shows the correction of Rivaroxaban-induced bleeding by **'FVa and
NovoSeven® either alone or in combination in the murine tail clip model. Wild-type Balb/c
mice were injected intravenously with Rivaroxaban or saline. *"*FVa or/and NovoSeven®
was injected intravenously 30 minutes after the Rivaroxaban injection. Bleeding after tail clip

is expressed as blood loss in pl blood per gram mouse in 20 minutes.

[78] Figure 33A and B show the correction of Apixaban-induced bleeding by ***FVa
or NovoSeven® in the murine tail clip model. Wild-type Balb/c mice were injected
intravenously with Apixaban (20 mg/kg in panel A; or 8 mg/kg in panel B) or saline. ***FVa
or NovoSeven® was injected intravenously 30 minutes after the Rivaroxaban injection.

Bleeding after tail clip is expressed as blood loss in pl blood per gram mouse in 20 minutes.

[79] Figure 34Aand B show that traumatic bleeding can be treated in vivo using
*PFVa. A) Hemophilia A mice were treated with antibody SPC54 (10 mg/kg) against APC
that blocks APC activity (Burnier L, Fernandez JA, Griffin JH. Antibody SPC-54 provides
acute in vivo blockage of the murine protein C system. Blood Cells Mol Dis. 2013
Apr;50(4):252-8). Blocking APC activity in the hemophilia A mice reduced bleeding to the
level observed in wild type BalbC mice, whereas the heat inactivated SPC54 antibody had no
effect. B) The bleed reduction by the SPC54 antibody was the same as that achieved by
*P"FVa or treatment of hemophilia A mice with FVIIL. This suggests that bleeding in
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hemophilia is another example of acute traumatic coagulopathy where trauma and shock
cause activation of endogenous APC that mediates bleeding. Inhibition of APC, either by the
blocking antibody SPC54 or by APC-resistant ****FVa reduces bleeding.

DETAILED DESCRIPTION

[80] The present invention provides a novel therapeutic regimen for treating or
preventing hypocoagulation and/or for preventing and treating bleeding in an individual in
need thereof, comprising the administration of FVa, preferably a FVa that is resistant to APC
degradation, alone or in combination with FVIIa, preferably the FVIla is rhFVIla
(NovoSeven®). Also, the invention provides pharmaceutical compositions which are
administrable to a subject in need of enhanced blood coagulation wherein such need for
enhanced blood coagulation may arise due to any bleeding disorder or condition, e.g., a
genetic condition, e.g., a hemophilia, an acquired bleeding disorder, dysmenorrhea or an
event such as an injury, trauma, or as a result of surgery, or an invasive procedure that may
result in excessive bleeding. In a preferred embodiment, bleeding disorders treatable by the
invention include APC-associated or APC-induced or APC- mediated bleeding disorders,
e.g., disorders caused by excess APC production (such as resulting from serious injury and

hemorrhagic shock) or the administration of synthetic or biologic coagulants.

[81] Further the invention provides methods of using ***FVa alone or in combination
with FVIIIa to prevent, treat or reverse APC-associated, APC-induced or APC-mediated
bleeding, e.g., due to the excess production of APC (such as resulting from serious injury and
hemorrhagic shock) or during APC therapy, e.g., during the treatment of an inflammatory

disorder such as thrombocytopenia, disseminated intravascular coagulation or sepsis disease.
[82] In order to better describe the invention the following definitions are provided.

[83] By "subject” or “individual " is included any member of the subphylum chordata,
including, without limitation, humans and other primates, including non-human primates
such as chimpanzees and other apes and monkey species; farm animals such as cattle, sheep,
pigs, goats and horses; domestic mammals such as dogs and cats; laboratory animals
including rodents such as mice, rats and guinea pigs; birds, including domestic, wild and
game birds such as chickens, turkeys and other gallinaceous birds, ducks, geese, and the like.
The term does not denote a particular age. Thus, both adult and newborn individuals are
intended to be covered. The invention described herein is intended for use in any of the above

vertebrate species. However, in certain preferred embodiments, the subject or individual is
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human, e.g., a subject with an inherited or acquired bleeding disorder, or a person with a
condition such as an injury, trauma, dysmenorrhea, surgery or other invasive procedure that

causes bleeding or increases the risk of undesired bleeding, or unexplained bleeding.

[84] The term “traumatic bleeding” (which is used interchangeably with “bleeding as a
result of trauma” or “bleeding caused by trauma”) refers to bleeding that is caused by an
injury. The injury (or trauma) causing traumatic bleeding may vary in severity. Non-limiting
examples of traumatic injury include abrasions, hematoma, bruises, lacerations, incisions,
puncture wounds, crushing injuries and gunshot wounds. Traumatic bleeding includes
external and internal blood loss. Internal bleeding often occurs after a significant physical
injury, but it can also occur after a less severe injury or be delayed by hours or days. There
are two main types of trauma or injury that can cause internal bleeding: blunt trauma and
penetrating trauma. Blunt trauma occurs when a body part collides with something else,
usually at high speed. As a result of blunt trauma, blood vessels inside the body may be torn
or crushed by shear forces and/or a blunt object. Non-limiting examples of blunt trauma
include, but are not limited to, vehicle accidents, physical assaults, and falls. Penetrating
trauma occurs when a foreign object penetrates the body, tearing a hole in one or more blood
vessels. Non-limiting examples of penetrating trauma include, but are not limited to, gunshot
or blast wounds, stabbings, or falling onto a sharp object. Almost any organ or blood vessel
can be damaged by trauma and cause internal bleeding. The most serious sources of internal
bleeding due to trauma include, but are not limited to, head trauma with internal bleeding
(intracranial hemorrhage); bleeding around the lungs (hemothorax); bleeding around

the heart (hemopericardium and cardiac tamponade); tears in the large blood vessels near the
center of the body (aorta, superior and inferior vena cava, and their major branches); and
damage caused by trauma to the abdomen such as liver or spleen lacerations or perforation of
other soft organs. For the purposes of this application, traumatic bleeding is studied in vivo
using animal models, i.e., wild-type mice subject to traumatic tail transection or liver
laceration (see Figures 11 and 13) or hemophilia mice subject to traumatic tail transection
(see Figure 34), which rapid bleeding due to trauma is mediated, in part or in whole, by APC-
induced traumatic coagulopathy. Patients with traumatic bleeding may receive treatments, as

disclosed herein, to help their blood clot properly.

[85] The term "patient" refers to a living organism suffering from or prone to a
condition that can be prevented or treated by the treatment regimen the invention, and

includes both humans and animals.
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[86] The term “aPCC concentrate” refers to activated Prothrombin Complex
Concentrates such as FEIBA, which contains factors such as FVII, prothrombin (FII), FIX

and/or FX (and their active forms).

[87] The term “Factor Va” and “FVa” means the activated form of “Factor V> (or
“FV”), preferably human FVa. As used herein, FVa and FV include the wt FV sequence
(NM_000130.4; NP_00121.2) as well as all known polymorphisms of FV (see
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusld=2153, which summarizes the known
polymorphisms of factor V). For example, FV can include one or more of the single
nucleotide polymorphisms (SNPs) altering the amino acid at position(s) Asp2222, Glu2217,
Ala2213, 11e2204, Arg2202, Phe2200, 1e2197, Lys2185, Glu2179, Asp2175, Glu2163,
Val2162, Thr2154, Lys2151, Met2148, Thr2134, Thr2134, Leu2128, Arg2108, Leu2103,
Leu2103, Phe2087, Ser2086, Ser2085, GIn2081, Met2072, Pro2069, Cys2066, Arg2055,
Glu2029, Thr2026, Asn2010, GIn2001, His1983, GIn1975, [le1972, Ala1955, Ser1949,
Ser1944, Gly1930, Lys1924, Pro1910, Arg1908, Thr1898, Thr1898, Alal894, Met1874,
Prol863, Gly1853, His1845, Val1841, Gly1835, Gly1834, Ile1833, Leul830, Met1820,
Leul818, Pro1816, Tyr1813, Met1811, His1806, Thr1795, Trp1792, Ser1790, Argl789,
Tyr1783, Phe1776, Vall1770, Met1764, Met1762, Tle1755, Lys1753, Leul749, lle1745,
Leul744, Argl1726, Gly1722, Gly1717, Ser1716, Tyr1708, Glu1687, Thr1685, Ser1680,
Gly1674, His1673, Pro1667, Ser1665, Alal664, Argl659, Leul641, Leul624, Val1618,
Tyrl615, Tyrl615, Aspl612, Aspl1605, GIn1598, Asn1575, Asnl1559, Arh1555, Vall554,
Aspl547, Tyr1546, Vall544, Glu1530, 1le1523, Asp1521, Asp1518, Ser1516, Leul503,
Asnl499, GIn1476, Ser1469, Pro146, Ser1455, lle1454, Leul451, Pro1449, Thr1445,
Thr1437, Val1436, GIn1435, Ser1430, Asn1423, Met1409, Asp1407, Pro1404, Ley1397,
Ser1376, Asn1374, Asp1369, Thr1365, Pro1361, Asp1360, Met1355, Gly1353, Leul352,
Asnl1338, Phe1334, Leul330, His1327, Pro1323, Ile1321, GIn1318, Gly1317, Leul316,
Leul303, Phe1289, Leul285, Thr1284, His1282, Pro1278, Leul276, Leul271, Ser1268,
Leul267, Ser1259, Leul253, Leul249, Thr1247, His1246, Pro1242, Ser1236, Asp1234,
Pro1230, Gly1227, Ser1223, GIn1219, Thr1211, His1210, Leul208, Pro1206, Ser1200,
Thr1194, Pro1188, Vall185, trp1182, His1179, Ser1174, Thr1168, Ser1162, Argl161,
Aspl160, Tyr1159, Met1156, Glu1152, Ser1149, Ser1148, His1114, Prol1135, Aspl134,
Prol131, Prol122, GIn1110, Gly1109, Ser1104, Leul086, Thr1085, Asp1081, Thr1080,
Asnl074, His1071, Ser1067, Lys1065, Glu1054, Leul051, GIn1024, Gly1016, Asp1014,
GIn1013, Lys1000, Ala981, Arg980, Pro975, Asn969, Ala967, Thr966, Asp961, 11€959,
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Tyr956, Ser955, Ser951, Leu949, Gly945, GIn936, Lys925, Pro918, Thr915, Ser912, trp907,
Arg905, Met904, Ser902, Pro901, Ser900, Val890, Lys877, Lys869, Gly867, His865,
Lys858, Phe857, Gly853, Arg848, Asn821, Asn817, Gly815, Pro809, GIn802, Pro798,
Ala797, GIn795, Asn789, Ser781, Pro780, Ser779, Gly774, 11e772, Ser767, Phe764, Glu763,
Gly761, Leu753, Asn745, Ser742, Asn741, Arg740, [le736, Ala732, Ser720, Glu719,
Glu714, Arg712, His710, Arg707, Thr702, Phe696, Glu690, Pro686, Phe679, Lys678,
Lys674, Ser672, Pro670, Ser669, Met666, Thr664, Asp656, Thr652, Arg647, Thr642m
Ley641, Thr640, Lys635, Gly628, 1le624, Thr623, GIn618, Val608, Glu395, Tyr592,
Gly591, Glu572, Asn554, Glu553, GIn545, Leu522, Arg513, Lys484, Tyr481, Thr464,
Ser461, Asn460, Glu458, Tyr45S, Pro447, Vald34, lle433, Argd28, Lys414, Met413,
Asn410, Val394, Lys392, GIn386, Asn385, Arg376, Asp372, Met371, Ala369, Asp362,
Ile354, Phe353, Arg345, Arg341m Asn335, Lys332, Cys329, Ile324, GIn321, Pro313,
Lys305, Asn297, Thr295, Ser293, Lue288, Thr287, Glu277, Leu276, Val275, GIn274,
Asn272m Phe267, Ser262, Leu257, His250, Thr246, Pro243, GIn210, Thr206, Pro189,
Gly188, Ser184, Glul80, 1le179, His175, His170, Pro166, Glul51, Argl46, Val142, Alal4l,
Met138, Alal35, Phel33, Ser123, GInl15, Leul10, Pro109, Asp107, 11e97, Asp96, Gly95,
Val94, Tyr91, Leu8s, 1182, GIn79, Tyr69, Arg46, Ala38, Ala37, Val36, Ala28, Gly15, Gly4
(relative to the wt sequence of NP_000121.2). In preferred embodiments of the invention,
FVa will comprise mutations that render it APC resistant such as the *"*FVa or other
variants disclosed herein. Also, in preferred embodiments of the invention, FVa may
comprise a chemical modification (e.g., PEGylation) that improves the physical stability of
other properties of the protein. It should be understood that, for purposes of this application,
“Factor V” and “Factor Va” include wild-type, plasma-derived, Leiden and Cambridge FV

and FVa forms of the factor.

[88] The term ““*"FVa” herein refers to a FVa molecule or fragment or variant thereof
that has been modified to have enhanced properties, e.g., enhanced cofactor stability,
enhanced specific activity and/or enhanced half-life in the blood. Non-limiting examples of
modifications that enhance FVa cofactor stability include, but are not limited to, the
introduction of cysteine residues that form disulfide pairs to stabilize the molecule, mutations
at the interface of the A1, A2, B, A3, C1, and/or C2 domain that introduce attracting
electrostatic interactions, eliminate opposing electrostatic interactions and/or that introduce
hydrophobic interactions, as was recently demonstrated for FVIlla (See Noncovalent

stabilization of the factor VIII A2 domain enhances efficacy in hemophilia A mouse vascular
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injury models. Lilley Leong, Derek Sim, Chandra Patel, Katherine Tran, Perry Liu, Elena Ho,
Thomas Thompson, Peter J. Kretschmer, Hironao Wakabayashi, Philip J. Fay, and John E.
Murphy. Blood 2014 (in press) (DOI: http://dx.doi.org/10.1182/blood-2014-02-555656).
Examples of modifications that enhance the specific activity of FVa include, but are not
limited to, the introduction of cysteine residues that form disulfide pairs or mutations and
alterations that increase the affinity of FVa for FXa, such as mutations of the A2-A3
interface, introduction of sequences of FVIII known to provide high affinity binding to FX
including the al domain. Examples of modifications that enhance FVa half-life in the
circulation include, but are not limited to, the introduction of site-directed incorporation of
synthetic or chemical modifications such as polyethylene glycol (PEG) polymers or
multimers, Fc receptor fusion domains, albumin fusion, or other known structures that may
prolong the half-life in the circulation or reduce clearance mechanisms.

super

[89] In a particular embodiment, > FVa comprises a combination of mutations that

render the protein resistant to APC inactivation, preferably highly APC resistant, such as the

super

specific mutations disclosed herein. Preferably, the FVa comprises the amino acid

sequence below (SEQ ID NO:1). This sequence comprises the mature FVa protein (without
the prepro sequence). To clarify, this protein has the following changes relative to wild type
human FV: The sequence of 812-1491 is deleted (from the B domain). For all changes other
than this deletion based on the original full length FV sequence numbering, ***'FVa
preferably comprises the following mutations: R306Q, R506Q, R679Q, H609C, E1691C
(1011), S21831A (1503).

1 aglrqfyvaa qgiswsyrpe ptnssinlsv tstkkivyre yepyfkkekp gstisgllgp
61 tlyaevgdii kvhfknkadk plsihpqgir ysklsegasy ldhtfpackm ddavapgrey
121 tyewsiseds gpthddppcl thiyyshenl iedfnsglig pllickkgtl teggtqktfd
181 kqivllfavt deskswsqss slmytvngyv ngtmpditvc ahdhiswhll gmssgpelfs
241 ihfngqvleq nhhkvsaitl vsatsttanm tvgpegkwii ssltpkhlga gmqayidikn
301 cpkktqnlkk itreqrrhmk rweyfiaaee viwdyapvip anmdkkyrsq hldnfsnqig
361 khykkvmytq yedesftkht vnpnmkedgi Igpiiraqvr dtlkivfknm asrpysiyph
421 gvtfspyede vnssftsgrn ntmiravqpg etytykwnil efdeptenda qgcltrpyysd

481 vdimrdiasg liglllicks rsldrqgiqr aadieqqavf avfdenkswy ledninkfce
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[90]

541 npdevkrddp kfyesnimst ingyvpesit tigfcfddtv qwhfcsvgtq neiltihftg

601 hsfiygkrce dtltlfpmrg esvtvtmdnv gtwmltsmns sprskklirlk frdvkcipdd
661 dedsyeifep pestvmatgk mhdrlepede esdadydyqn rlaaalgirs frnsslngee
721 eefnltalal engtefvssn tdiivgsnys spsniskftv nnlaepgkap shqqattags

781 plrhligkns vInsstaehs spysedpied ptdyieiipk eevgsseddy aeidyvpydd

841 pyktdvrtni nssrdpdnia awylrsnngn rrnyyiaaee iswdysefvq retdiedsdd
901 ipedttykkv virkyldstf tkrdprgeye ehlgilgpii raevddvigv rfknlasrpy

961 slhahglsye kssegktyed dspewfkedn avgpnssyty vwhatersgp cspgsacraw
1021 ayysavnpek dihsgligpl licgkgilhk dsnmpvdmre fvllfmtfde kkswyyekks
1081 rsswrltsse mkkshefhai ngmiyslpgl kmyeqgewvrl hllniggsqd ihvvhfhgqt
1141 llengnkghq lgvwpllpgs tktlemkask pgwwlintev genqragmqt pflimdrdcr
1201 mpmglstgii sdsqikasef lgyweprlar Innggsynaw sveklaaefa skpwiqvdmq
1261 keviitgiqt qgakhylksc yttefyvays snqinwqifk gnstrnvmyf ngnsdastik
1321 enqfdppiva ryirisptra ynrptlrlel qgcevngest plgmengkie nkgitassfk
1381 kswwgdywep frarlnaqgr vnawqakann nkqwleidll kikkitaiit qgckslssem
1441 yvksytihys eqgvewkpyr lkssmvdkif egntntkghv knffnppiis rfirvipktw
1501 nqaitlrlel fgediy (SEQ ID NO:1)

More preferably, the **'FVa comprises the amino acid sequence set forth in SEQ

ID NO:4 below. This sequence comprises the mature FVa protein (without the prepro

sequence). To clarify, this protein has the following changes relative to wild type (wt) human
FV (NM_000130.4; NP_000121.2): R306Q, R506Q, H609C, R679Q, deletion of amino acids
at positions 810-1489, G1491P, E1691C, M1736V, S2183A and cysteine residues are

introduced at positions 609 and 1691,which permit formation of an intramolecular

interdomain disulfide bridge. For all changes other than this deletion based on the original

full length FV sequence numbering (amino acid positions 810-1489 deleted), ****FVa
preferably comprises the following mutations: R306Q, R506Q, H609C, R679Q, G1491P,
E1691C, M1736V, and S2183A.
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AQLRQFYVAAQGISWSYRPEPTNSSLNLSVTSFKKIVYREYEPYFKKE
KPQSTISGLLGPTLYAEVGDIKVHFKNKADKPLSIHPQGIRYSKLSEGA
SYLDHTFPAEKMDDAVAPGREYTYEWSISEDSGPTHDDPPCLTHIYYS
HENLIEDFNSGLIGPLLICKKGTLTEGGTQKTFDKQIVLLFAVFDESKS
WSQSSSEMYTVNGYVNGTMPDITVCAHDHISWHLLGMSSGPELFSIHF
NGQVLEQNHHKVSAITLVSATSTTANMTVGPEGKWIISSLTPKHLQAG
MQAYIDIKNCPKKTQNLKKITREQRRHMKRWEYFIAAEEVIWDYAPVI
PANMDKKYRSQHLDNFSNQIGKHYKKVMYTQYEDESFTKHTVNPNM
KEDGILGPIIRAQVRDTLKIVFKNMASRPYSIYPHGVTFSPYEDEVNSSF
TSGRNNTMIRAVQPGETYTYKWNILEFDEPTENDAQCLTRPYYSDVDI
MRDIASGLIGLLLICKSRSLDRQGIQRAADIEQQAVFAVFDENKSWYLE
DNINKFCENPDEVKRDDPKFYESNIMSTINGY VPESITTLGFCFDDTVQ
WHFCSVGTQNEILTIHFTGHSFIYGKRCEDTLTLFPMRGESVTVTMDN
VGTWMLTSMNSSPRSKKLRLKFRDVKCIPDDDEDSYEIFEPPESTVMA
TOQKMHDRLEPEDEESDADYDYQNRLAAALGIRSFRNSSLNQEEEEFNL
TALALENGTEFVSSNTDIIVGSNYSSPSNISKFTVNNLAEPQKAPSHQQ
ATTAGSPLRHLIGKNSVLNSSTAEHSSPY SEDPIE~~~~r~ e

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DPYKTDVRTNINSSRDPDNIAAWYLRSNNGNRRNYYIAAEEISWDYSE
FVQRETDIEDSDDIPEDTTYKKVVFRKYLDSTFTKRDPRGEYEEHLGIL
GPIHRAEVDDVIQVRFKNLASRPYSLHAHGLSYEKSSEGKTYEDDSPE
WFKEDNAVQPNSSYTYVWHATERSGPCSPGSACRAWAYYSAVNPEK
DIHSGLIGPLLICQKGILHKDSNMPVDMREFVLLFMTFDEKKSWY YEK
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KSRSSWRLTSSEMKKSHEFHAINGMIYSLPGLKMYEQEWVRLHLLNIG
GSQDIHVVHFHGQTLLENGNKQHQLGVWPLLPGSFKTLEMKASKPG
WWLLNTEVGENQRAGMQTPFLIMDRDCRMPMGLSTGIISDSQIKASEF
LGYWEPRLARLNNGGSYNAWSVEKLAAEFASKPWIQVDMQKEVIITG
IQTQGAKHYLKSCYTTEFYVAYSSNQINWQIFKGNSTRNVMYFNGNS
DASTIKENQFDPPIVARYIRISPTRAYNRPTLRLELQGCEVNGCSTPLG
MENGKIENKQITASSFKKSWWGDY WEPFRARLNAQGRVNAWQAKA
NNNKQWLEIDLLKIKKITAHTQGCKSLSSEMYVKSYTIHYSEQGVEWK
PYRLKSSMVDKIFEGNTNTKGHVKNFFNPPIISRFIRVIPKTWNQAIALR
LELFGCDIY* (SEQ ID NO:4)

[91] The term “Factor VIIa” or “FVIla” means an activated form of Factor VII. This
in particular includes a FVIla product sold by Novo Nordisk referred to as NovoSeven®. In
addition, FVIla includes other variants of recombinant FVIla with longer half-life or
increased activity relative to wild-type, e.g., because of mutation(s) and/or as a result of the
addition or attachment of half-life improving entities thereto such as PEG or acyl groups.
Therefore, as used herein, FVIla includes the sequence for wild-type FVIla and variants of
this sequence having enhanced activity or stability, e.g., truncated forms comprising N-, C-
and/or internal deletions, site mutations, and/or comprising one or more stabilizing or other
functional groups. The sequence of a human FVIla polypeptide is set forth below:
ANAFLEELRPGSLERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQ
CASSPCQONGGSCKDQLQSYICFCLPAFEGRNCETHKDDQLICVNENGG
CEQYCSDHTGTKRSCRCHEGYSLLADGVSCTPTVEYPCGKIPILEKRN
ASKPQGRIVGGKVCPKGECPWQVLLLVNGAQLCGGTLINTIWVVSAA
HCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRVAQVIIPSTY VPGTTN
HDIALLRLHQPVVLTDHVVPLCLPERTFSERTLAFVRFSLVSGWGQLL
DRGATALELMVLNVPRLMTQDCLQQSRKVGDSPNITEYMFCAGYSD
GSKDSCKGDSGGPHATHYRGTWYLTGIVSWGQGCATVGHFGVYTRV
SQYIEWLQKLMRSEPRPGVLLRAPFP (SEQ ID NO: 2)

[92] The sequence of a human pro-FVII polypeptide (corresponding to NP_000122.1;

coagulation factor VII isoform a preproprotein, Homo sapiens) is set forth below:

MVSQALRLLCLLLGLQGCLAAGGVAKASGGETRDMPWKPGPHRVFV
TQEEAHGVLHRRRRANAFLEELRPGSLERECKEEQCSFEEAREIFKDAE
RTKLFWISYSDGDQCASSPCOQNGGSCKDQLQSYICFCLPAFEGRNCET
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HKDDQLICVNENGGCEQYCSDHTGTKRSCRCHEGYSLLADGVSCTPT
VEYPCGKIPILEKRNASKPQGRIVGGKVCPKGECPWQVLLLVNGAQLC
GGTLINTIWVVSAAHCFDKIKNWRNLIAVLGEHDLSEHDGDEQSRRV
AQVIIPSTYVPGTTNHDIALLRLHQPVVLTDHVVPLCLPERTFSERTLAF
VRFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQQSRKVGDSP
NITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIVSWGQG
CATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFP (SEQ ID NO:
3)

[93] The term “Factor 1Xa” or “FIXa” means an activated form of “Factor IX”. This
includes mutants and variants of FIXa and FIX with decreased functional dependence on
FVIII or FVIIla for activation. For example, FIX with mutations at Y259F, K265T, Y345T,
V1811, R338A and/or 1383V. See Chang et al., J Biol Chem, 273: 12089-94 (1998); Milanov
et al,, Blood 119(2):602-611 (2012); Quade-Lyssy et al., J Genet Syndr Gene Ther S1:013
(2012), the disclosures of which are herein expressly incorporated by reference. Therefore,
as used herein, FIXa includes the sequence for wild-type FIXa and mutants and variants of
this sequence having enhanced activity or stability, e.g., truncated forms comprising N-, C-
and/or internal deletions, site mutations, and/or comprising one or more stabilizing or other
functional groups, e.g., glycovariants (see Brooks et al., J. Thrombosis and Haemostasis,

11(9): 1699-1706 (2013).

[94] The term “Factor Xa” or “FXa” means an activated form of “Factor X”. This
includes mutants and variants of FXa and FX. For example, FX and FXa with mutations at
positions 16, 17 and/or 18 (according to chymotrypsin numbering). Also encompassed by
FXa is FXa""®" which has a longer half-life than wild-type FXa and does not cause excessive
activation of coagulation. See, e.g., Ivanciu et al., Nature Biotech 29: 1028-1033 (2011), the
disclosure of which is herein expressly incorporated by reference. Therefore, as used herein,
FXa includes the sequence for wild-type FXa and mutants and variants of this sequence
having enhanced activity or stability or specificity, e.g., truncated forms comprising N-, C-
and/or internal deletions, site mutations, and/or comprising one or more stabilizing or other

functional groups.

[95] The term “therapeutically effective cycle of treatment” with FVa and FVlIla,
preferably a ****'FVa and rhFVIla (NovoSeven®) is intended as a cycle of treatment that
when administered, brings about a positive therapeutic response with respect to treatment of

an individual having a bleeding disorder or at risk of developing a bleeding disorder or
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bleeding condition, e.g., as the result of surgery, injury, or caused by the overexpression of
APC or the administration of APC during therapy. Preferably the treatment will elicit a
synergistic effect on clotting or coagulation or APC-associated bleeding by affecting

thrombin generation or reversing the anticoagulant effects of APC or other anticoagulants.

[96] A "positive therapeutic response" is one in which the individual undergoing
treatment according to the invention exhibits an improvement in one or more symptoms of a
bleeding disorder, including such improvements as shortened blood clotting times and
reduced bleeding and/or reduced need for factor replacement therapy. Preferably, the
administration will elicit an effect, more preferably a synergistic effect, on clotting or
coagulation by promoting thrombin generation or preventing the ablation of thrombin
generation, e.g., as a result of APC administration as discussed infra and shown in the

working examples.

[97] A "procoagulant" refers to any factor or reagent capable of initiating or
accelerating clot formation. A procoagulant includes any activator of the intrinsic or extrinsic
coagulation pathways, such as a clotting factor selected from the group consisting of FXa,
F1Xa, FXla, FXlla, kallikrein, tissue factor, FVIla, and thrombin, as well as FVIIla, FXIIIa,
and Thrombin Activatable Fibrinolysis Inhibitor (TAFI), activated TAFI (TAFIa); and
activated Prothrombin Complex Concentrates (aPCC), such as FEIBA, which may comprise
factors VII, FII, FIX and FX (and their active forms). Other reagents that promote clotting
include prekallikrein, polyphosphate, APTT initiator (i.e., a reagent containing a
phospholipid and a contact activator), Russell's viper venom (RVV time), anti-fibrinolytic
agents such as tranexamic acid or epsilon-aminocaproic acid, and thromboplastin (for PT and
dPT). Contact activators that can be used in the methods of the invention as procoagulant
reagents include micronized silica particles, ellagic acid, sulfatides, kaolin or the like known
to those of skill in the art. Procoagulants may be from a crude natural extract, a blood or
plasma sample, isolated and substantially purified, synthetic, or recombinant. Procoagulants
may include naturally occurring clotting factors or fragments, variants, analogs or muteins

thereof that retain biological activity (i.e., promote clotting).

[98] The terms "variant”, "analog" and "mutein" refer to biologically active derivatives
of the reference molecule that retain desired activity, such as clotting activity, in the treatment
of a bleeding disorder described herein. In the present invention, variants of FVa contain one

or more naturally occurring or genetically engineered mutations that inhibit APC degradation

of the resultant variant or mutein. In general, the terms "variant" and "analog" in reference to
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a polypeptide (e.g., FVa or FVIIa polypeptide) that differs from the native polypeptide
sequence and structure by one or more amino acid additions, substitutions (generally
conservative in nature) and/or deletions, relative to the native molecule, so long as the
modifications do not destroy biological activity and which are "substantially homologous" to
the reference molecule as defined below. In general, the amino acid sequences of such
variants or analogs will have a high degree of sequence homology to the reference sequence,
e.g., amino acid sequence homology of more than 50%, generally more than 60%-70%, even
more particularly 80%-85% or more, such as at least 90%-95% or more, when the two
sequences are aligned. Often, the analogs will include the same number of amino acids but
will include substitutions, as explained herein. Additionally, the variants of, e.g., FVa, FVlia,
FIX, and FX, include biologically active derivatives that contain the same amino acid
sequence but include a chemical modification, e.g., covalent modification, e.g., PEGylation
(attachment of poly-ethylene glycol (PEG)), HESylation (attachment of hydroxyethy! starch
(HES)), XTENylation (attachment of XTEN (a polypeptide)), HSAylation (attachment of
human serum albumin (HSA)), PASylation (attachment of polypeptide chains with
expanded hydrodynamic volume comprising the small residues Pro, Ala and Ser (PAS)),
glutamylation (attachment of polyglutamic acid), etc., that improves the physical property of

the variant (e.g., extended half-life in the blood) without affecting its biological activity.

[99] The term "mutein" further includes polypeptides having one or more amino acid-
like molecules including but not limited to compounds comprising only amino and/or imino
molecules, polypeptides containing one or more analogs of an amino acid (including, for
example, unnatural amino acids, etc.), polypeptides with substituted linkages, as well as other
modifications known in the art, both naturally occurring and non-naturally occurring (e.g.,
synthetic), cyclized, branched molecules and the like. The term also includes molecules
comprising one or more N-substituted glycine residues (a "peptoid") and other synthetic
amino acids or peptides. (See, e.g., U.S. Pat. Nos. 5,831,005; 5,877,278; and 5,977,301;
Nguyen et al., Chem. Biol. (2000) 7:463-473; and Simon et al., Proc. Natl. Acad. Sci. USA
(1992) 89:9367-9371 for descriptions of peptoids). Preferably, the analog or mutein has at
least the same or increased or decreased activity or selectivity for one activity versus another,
e.g., clotting activity relative to the native molecule. Methods for making polypeptide analogs

and muteins are known in the art and are described further below.

[100] As explained above, analogs also include substitutions that are conservative in

nature, i.e., those substitutions that take place within a family of amino acids that are related
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in their side chains. Specifically, amino acids are generally divided into four families: (1)
acidic--aspartate and glutamate; (2) basic--lysine, arginine, histidine; (3) non-polar--alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) uncharged
polar--glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine,
tryptophan, and tyrosine are sometimes classified as aromatic amino acids. For example, it is
reasonably predictable that an isolated replacement of leucine with isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar conservative replacement of
an amino acid with a structurally related amino acid, will not have a major effect on the
biological activity. For example, the polypeptide of interest may include up to about 5-10
conservative or non-conservative amino acid substitutions, or even up to about 15-25
conservative or non-conservative amino acid substitutions, or any integer between 5-23, so
long as the desired function of the molecule remains intact. One of skill in the art may readily
determine regions of the molecule of interest that can tolerate change by reference to

Hopp/Woods and Kyte-Doolittle plots, well known in the art.

[101] By "fragment" is intended a molecule consisting of only a part of the intact full-
length sequence and structure. A fragment of a polypeptide can include a C-terminal deletion,
an N-terminal deletion, and/or an internal deletion of the native polypeptide. Active
fragments of a particular protein will generally include at least about 5-10 contiguous amino
acid residues of the full-length molecule, preferably at least about 15-25 contiguous amino
acid residues of the full-length molecule, and most preferably at least about 20-50 or more
contiguous amino acid residues of the full-length molecule, or any integer between 5 amino
acids and the full-length sequence, provided that the fragment in question retains biological

activity, such as clotting activity, as defined herein.

[102] "Homology" refers to the percent identity between two polynucleotide or two
polypeptide moieties. Two nucleic acid, or two polypeptide sequences are "substantially
homologous" to each other when the sequences exhibit at least about 50%, preferably at least
about 75%, more preferably at least about 80%-85%, preferably at least about 90%, and most
preferably at least about 95%-98% sequence identity over a defined length of the molecules.
As used herein, substantially homologous also refers to sequences showing complete identity

to the specified sequence.

[103] In general, "identity" refers to an exact nucleotide-to-nucleotide or amino acid-to-
amino acid correspondence of two polynucleotides or polypeptide sequences, respectively.

Percent identity can be determined by a direct comparison of the sequence information
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between two molecules (the reference sequence and a sequence with unknown % identity to
the reference sequence) by aligning the sequences, counting the exact number of matches
between the two aligned sequences, dividing by the length of the reference sequence, and
multiplying the result by 100. Readily available computer programs can be used to aid in the
analysis, such as ALIGN, Dayhoff, M. O. in Atlas of Protein Sequence and Structure M. O.
Dayhoff ed., 5 Suppl. 3:353-358, National Biomedical Research Foundation, Washington,
D.C., which adapts the local homology algorithm of Smith and Waterman Advances in Appl.
Math. 2:482-489, 1981 for peptide analysis. Programs for determining nucleotide sequence
identity are available in the Wisconsin Sequence Analysis Package, Version § (available from
Genetics Computer Group, Madison, Wis.) for example, the BESTFIT, FASTA and GAP
programs, which also rely on the Smith and Waterman algorithm. These programs are readily
utilized with the default parameters recommended by the manufacturer and described in the
Wisconsin Sequence Analysis Package referred to above. For example, percent identity of a
particular nucleotide sequence to a reference sequence can be determined using the homology
algorithm of Smith and Waterman with a default scoring table and a gap penalty of six

nucleotide positions.

[104] Another method of establishing percent identity in the context of the present
invention is to use the MPSRCH package of programs copyrighted by the University of
Edinburgh, developed by John F. Collins and Shane S. Sturrok, and distributed by
IntelliGenetics, Inc. (Mountain View, Calif.). From this suite of packages the Smith-
Waterman algorithm can be employed where default parameters are used for the scoring table
(for example, gap open penalty of 12, gap extension penalty of one, and a gap of six). From
the data generated the "Match" value reflects "sequence identity." Other suitable programs for
calculating the percent identity or similarity between sequences are generally known in the
art, for example, another alignment program is BLAST, used with default parameters. For
example, BLASTN and BLASTP can be used using the following default parameters: genetic
code=standard; filter=none; strand=both; cutoff=60; expect=10; Matrix=BLOSUMS62;
Descriptions=50 sequences; sort by=HIGH SCORE; Databases=non-redundant,
GenBank+EMBL+DDBJ+PDB+GenBank CDS translations+Swiss protein+Spupdate+PIR.

Details of these programs are readily available.

[105] "Recombinant” as used herein to describe a nucleic acid molecule means a
polynucleotide of genomic, cDNA, viral, semisynthetic, or synthetic origin which, by virtue

of its origin or manipulation is not associated with all or a portion of the polynucleotide with
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which it is associated in nature. The term "recombinant” as used with respect to a protein or

polypeptide means a polypeptide produced by expression of a recombinant polynucleotide.

[106] The methods and compositions used to treat or prevent bleeding in the invention
may further comprise, in addition to FVa alone or in combination with FVIla, the
administration of one or more other factors or clotting factors such as FXI, FXII,
prekallikrein, high molecular weight kininogen (HMWK), FVIII, FVIlla, FIX, FX, FXIII,
FII, FVIla, and von Willebrand factor, Thrombin Activatable Fibrinolysis Inhibitor (TAFI)
anti-fibrinolytics (e.g., Amicar, Tranexamic Acid, € aminocaproic acid, aprotinin, and the
like) which are sometimes used in hemophilia and other bleeding disorders to prevent

bleeding (e.g., such as are used during tooth extraction).

[107] The clot-lysis data disclosed infra demonstrates that the synergy between FVlla
and *"'FVa restores resistance of the clot to fibrinolysis that is lost in hemophilia due to the
defect in thrombin generation. The FVIIa/***"FVa synergy restores the activation of
Thrombin Activatable Fibrinolysis Inhibitor (“TAFI”), which is one of the body’s natural
antifibrinolytics. Thus, (1) restoring resistance of the clot or increasing the clot lysis time is
another measure of the functional effect of the FVIIa/****FVa synergy, in addition to
thrombin generation, (2) restoring resistance of the clot or increasing the clot lysis time is an
integral part of the mechanism of why FVIIa/**"FVa synergy reduces bleeding, and (3) due
to the latter it may be advantageous to combine FVIIa/**FVa synergy with anti-fibrinolytic

or TAFI to amplify the effect on reduction of bleeding by FVIla/***FVa synergy.

[108] The dose of a clotting factor, e.g., FVa, preferably a ***FVa and FVIla,

preferably rhFVIIa (NovoSeven®), is an amount that in combination is effective to treat or
prevent bleeding and enhance coagulation. Preferably the relative dosage amounts of these
two polypeptides will elicit a synergistic effect on clotting or coagulation by promoting the

generation of thrombin.

[109] A “synergistically effective amount” herein refers to relative amounts of a FVa,
preferably a **'FVa that is highly resistant to APC degradation, and an amount of FV1la,
preferably rhFV1la (NovoSeven®) that in combination elicit a beneficial or synergistic effect,
i.e., greater than the additive effect of either of these moieties alone by synergistically
promoting the generation of thrombin. In the present invention the synergy is demonstrated
in normal human plasma containing or lacking FVIII inhibitory antibodies based on an

increase in ETP, e.g., on the order of at least a 0.5-fold increase, more preferably at least 1-
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fold increase and still more preferably an additional ~1.5 to 2-2.5 or 3.0 fold increase of ETP,
and an ~ 2 to 3-fold increase of peak height relative to the increase yielded by these moieties
alone taking into account normalized clot lysis time. Also, a “synergistically effective
amount” herein refers to relative amounts of a FVa, preferably a ***FVa that is highly
resistant to APC degradation, and optionally an amount of FVIIa which are sufficient to
enhance or restore the activation of Thrombin Activatable Fibrinolysis Inhibitor (TAFI),
which is one of the body’s natural antifibrinolytics. Thus, synergy herein may include or
alternatively refer to as well as synergistically inducing thrombin generation, restoring
resistance of the clot or increasing the clot lysis time. (This is an integral part of the
mechanism of why FVIIa/**FVa synergy reduces bleeding in hemophilia, and why it may
be further advantageous to combine FVIIa/*"*FVa with anti-fibrinolytic or TAFI to amplify
the effect on reduction of bleeding by FVIIa/**"FVa synergy). FVIIa/***FVa synergy
restores the activation of Thrombin Activatable Fibrinolysis Inhibitor (TAFI), which is one of
the body’s natural antifibrinolytics. Thus, restoring resistance of the clot or increasing the
clot lysis time is a measure of the functional effect of the FVIIa/****FVa synergy, in addition

to thrombin generation.

[110] Based on the experimental results shown infra, restoring resistance of the clot or
increasing the clot lysis time is believed to be why FVIla/**FVa synergy reduces bleeding
in hemophilia, and based thereon why combining FVIla/****'FVa synergy with an anti-
fibrinolytic or TAFI may further amplify the synergistic effect on reduction of bleeding by
FVIIa/**"FVa synergy.

[111] With this understanding, the present application generally relates to methods and
compositions for use in such methods, for preventing or treating bleeding and/or
hypocoagulation in an individual in need thereof by a therapeutic regimen preferably
including the administration of synergistically effective amounts of FVa, preferably an APC
resistant FVa, i.e., preferably an APC resistant FVa such as a ****FVa as described herein,
and FVIla, preferably rhFVIla, e.g. (NovoSeven®), or another variant of recombinant
FVlia, preferably one exhibiting improved half-life or increased activity; or another
procoagulant or pro-hemostatic agent, wherein the combination elicits a synergistic effect on
thrombin generation relative to the FVa or FVIIa or other procoagulant or pro-hemostatic

agent when administered alone to a subject in need thereof.

[112] As used herein, the term “hypocoagulation” refers to a genetic or acquired

deficiency in one or more coagulation factors and/or a condition in which plasma of the
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individual manifests an abnormal clotting profile in one or more standard coagulation tests.
In particular, hypocoagulation refers to decreased or deficient coagulation of the blood which
may result in excessive or lengthy bleeding as a result of the altered ability to form a blood

clot.

[113] Also, the invention relates to the use of FVa, preferably an APC resistant FVa,
alone or in combination with a FVIIa such as NovoSeven® or another variant thereof, e.g.,
one possessing improved half-life or activity to treat or prevent bleeding due to excessive
APC generation or anticoagulant or APC administration. As shown herein, the present
inventors have demonstrated that the subject FVa, alone or in combination with FVIIla
inhibits or reverses APC-induced reduction of thrombin generation and based thereon may
be used to treat subjects with bleeding or prevent bleeding caused by excessive APC
generation (such as resulting from serious injury and hemorrhagic shock) or APC or other

anticoagulant administration.

[114] The present methods and compositions may in particular be used to reverse the
effects of an anticoagulant in a subject, e.g., subjects who have been treated with an
anticoagulant including, but not limited to, heparin, a coumarin derivative, such as warfarin
or dicumarol, TFPL, AT III, APC, lupus anticoagulant, nematode anticoagulant peptide
(NAPc2), FVIla inhibitors, active-site blocked FVIla (FVIlai), active-site blocked FIXa
(FIXai), FIXa inhibitors, a FXa inhibitor, including fondaparinux, idraparinux, DX-9065a,
rivaroxaban, apixaban, edoxaban, enoxaparin, and razaxaban (DPC906), active-site blocked
FXa (FXai), an inhibitor of FVa or FVIlla, including APC and derivatives, soluble
thrombomodulin, a thrombin inhibitor, including hirudin, bivalirudin, argatroban, dabigatran,
or ximelagatran. In certain embodiments, the anticoagulant in the subject may be an antibody
or antibody fragment that binds a clotting factor, including but not limited to, an antibody or
antibody fragment that binds to FV, FVII, FVIIL, FIX, FX, FXIII, FII, FXI, FXII, von
Willebrand factor, prekallikrein, or high molecular weight kininogen (HMWK). As an
alternative to an antibody or antibody fragment, the anticoagulant may be a small drug-like
molecule, peptide or aptamer which binds to a coagulation protein and thereby inhibits its

activation or its interaction with another coagulation protein or cell surface.

[115] Additionally, in a particular aspect, the present methods and compositions may be
used to treat an individual one who has a genetic coagulation disorder in which blood
coagulation factors (such as FV, FVIII, prothrombin, thrombomodulin, Protein C and Protein

S, antithrombin, homocysteine, or lipoprotein(a)) are absent, present at lower than normal
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levels or present at normal levels with impaired function due to a genetic mutation of
polymorphism. In particular, the treated subject may have an acquired or genetic coagulation
disorder caused by, e.g., reduced synthesis of a blood coagulation factor, mutations of a
chaperone protein(s), abnormal post-translational processing, proteolytic degradation,
enhanced clearance, antibodies against the blood coagulation factor or impaired activation of
the blood coagulation factor. In certain aspects, the blood coagulation factor that is affected
in the acquired or genetic coagulation or bleeding disorder is FV, FVIIL FIX, or FX. In other
certain aspects, the acquired or genetic bleeding disorder arises from genetic mutations
associated with increased levels of soluble thrombomodulin and fragments thereof. For
example, the Cys537 stop mutation in thrombomodulin results in enhanced levels of soluble
thrombomodulin that mediate higher than normal activation of protein C and, thus, results in
APC-mediated bleeding (see Langdown et al., Blood 2014 124(12): 1951-6 (2014), the

disclosure of which is expressly incorporated by reference herein).

[116] Also, the methods of the present invention may be used to treat subjects deficient
in FVIIL, and the method may further comprise administering FVIII or a procoagulant
bypassing agent. Suitable FVIII products are all commercially available plasma-derived and
recombinant FVIII products. Suitable bypassing agents are activated prothrombin complex
concentrates such as FEIBA VH Immuno (Baxter BioScience, Vienna, Austria) or rhFVIla
(NovoSeven®, Novo Nordisk, Denmark) or another FVIla variant or mutein. The patient may
also have inhibitor antibodies against FVIIIL. Typically, inhibitor patients are treated with a
bypassing agent, such as FEIBA or rhFVIla. Such inhibitor patients may have either a high
titer response of greater than 5BU or a low titer response of between 0.5 and 5 BU. For
clinical purposes, the magnitude of the antibody response can be quantified through the
performance of a functional inhibitor assay from which the Bethesda unit (BU) inhibitor titer
can be obtained. The International Society of Thrombosis and Haemostasis (ISTH) definition
of a high titer response is >5BUs and its definition of a low titer response is between 0.5 and
5 BUs. The magnitude of the antibody response to FVIII can be quantified using a functional
inhibitor assay, such as that described in Kasper C K et al (1975) Proceedings: A more
uniform measurement of FVIII inhibitors. Thromb. Diath. Haemorrh. 34(2):612.

[117] In some embodiments, the treated subject may be deficient in FIX, and the
method may further comprise administering FIX. All commercially available recombinant
and plasma-derived FIX-products may be suitable, including FIX is Bebulin VH® FIX

complex (Baxter BioScience, Vienna, Austria). In this embodiment of the invention, the

37



WO 2015/066700 PCT/US2014/063898

patient may have inhibitor antibodies against FIX. FIX inhibitors could be quantified by an
aPTT assay as described by Kasper (supra). Suitably, rhFVIIa (NovoSeven®) and/or FEIBA

are also administered to the FIX deficient subject.

[118] The FVa and FVIla compositions used in the subject invention will preferably
contain one or more excipients known in the art to be suitable in formulating these factors in
a form suitable for clinical use and/or maintaining storage stability. For example, an FVa
(preferably an APC resistant FVa) and/ or FVIla (preferably rhFVila (NovoSeven®))
containing composition for use in the invention may comprise one or more pharmaceutically
acceptable such as are described in "Remington: The Science & Practice of Pharmacy", 19th
ed., Williams & Williams, (1995), the "Physician's Desk Reference", 52nd ed., Medical
Economics, Montvale, N.J. (1998), and Kibbe, A. H., Handbook of Pharmaceutical
Excipients, 3rd Edition, American Pharmaceutical Association, Washington, D.C., 2000.
Exemplary excipients include, without limitation, carbohydrates, inorganic salts,
antimicrobial agents, antioxidants, surfactants, buffers, acids, bases, and combinations
thereof. Excipients suitable for injectable compositions include water, alcohols, polyols,
glycerine, vegetable oils, phospholipids, and surfactants. A carbohydrate such as a sugar, a
derivatized sugar such as an alditol, aldonic acid, an esterified sugar, and/or a sugar polymer
may be present as an excipient. Specitic carbohydrate excipients include, for example:
monosaccharides, such as fructose, maltose, galactose, glucose, D-mannose, sorbose, and the
like; disaccharides, such as lactose, sucrose, trehalose, cellobiose, and the like;
polysaccharides, such as raffinose, melezitose, maltodextrins, dextrans, starches, and the like;
and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol, sorbitol (glucitol), pyranosyl
sorbitol, myoinositol, and the like. The excipient can also include an inorganic salt or buffer
such as citric acid, sodium chloride, potassium chloride, sodium sulfate, potassium nitrate,

sodium phosphate monobasic, sodium phosphate dibasic, and combinations thereof.

[119] Preferred excipients or carriers in the subject compositions may include CaCl,,

bovine serum albumin or human serum albumin, and combinations of the foregoing.

[120] The amount of the FVa and FVlIla contained in the composition may vary
depending on a number of factors, but will optimally be a therapeutically effective dose that
elicits a synergistic effect on the inhibition of bleeding and the promoting of coagulation by
synergistically promoting the generation of thrombin when the composition is in a unit

dosage form or container (e.g., a vial).
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[121] The subject compositions may optionally include one or more additional agents,
such as hemostatic agents, other blood factors, or other medications used to treat a subject for
a condition or disease. Particularly preferred are compounded preparations including one or
more blood factors such as FXI, FVIIL FIX, FX, FXIII, FII, and von Willebrand factor.
Preparations may also include prekallikrein, high molecular weight kininogen (HMWK)
and/or factor XII. Such compositions may also include other procoagulants, such as an
activator of the intrinsic coagulation pathway, including but not limited to, FXa, FIXa, FXIa,
FXIla, and kallikrein; or an activator of the extrinsic coagulation pathway, including but not

limited to, tissue factor, thrombin, and FXa.

[122] The composition or compositions respectively comprising one or both of the FVa
and FVlIla are typically, although not necessarily, administered orally, via injection
(subcutaneously, intravenously or intramuscularly), by infusion, or locally. The
pharmaceutical preparation or composition can be in the form of a liquid solution or
suspension immediately prior to administration, but may also take another form such as a
syrup, cream, ointment, tablet, capsule, powder, gel, matrix, suppository, or the like.
Additional modes of administration are also contemplated, such as pulmonary, rectal,
transdermal, transmucosal, intrathecal, pericardial, intra-arterial, intracerebral, intraocular,
intraperitoneal, and so forth. The respective pharmaceutical compositions may be
administered using the same or different routes of administration in accordance with any

medically acceptable method known in the art.

[123] Typically, the FVa and the FVIla are administered contemporaneously to each
other and may be in the same or different compositions. However, as noted these moieties
may be administered at different times and such administration may be effected in either
order. Based on the information contained in this application a skilled artisan will be able to
select an appropriate dosage to achieve the desired effect, preferably synergistic effect on the
prevention or treatment of bleeding, e.g., as a result of a genetic disorder, acquired condition,
or the result of excessive APC generation or APC administration. The dosage and dosage
regimen will depend on factors such as the specific bleeding disorder treated, age and heath

of treated subject, any other treatments being effected and the like.

[124] Exemplary dosing schedules for different indications wherein the subject
combination will be of use in treating or preventing hypocoagulation or bleeding are set forth

below. It should be understood that these regimens are intended to be exemplary and not
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exhaustive of suitable dosing schedules and bleeding conditions treatable by the present

invention.

SWSTEVa*  (Single dose) Low dose Medium dose High dose
Dose range (ug/mL plasma) ~ 0.006-0.6 ~ 0.6-6.0 ~ 6-60
Dose range (pg/kg body weight)* | ~0.27-27 ~27-270 ~270-2700
FVIla (Single dose) Low dose Medium dose High dose
Dose range (pug/mL plasma) ~ 0.006-0.06 ~ 0.06-0.6 ~ 0.6-6"
Dose range (ug/kg body weight) ~0.27-2.7 ~2.7-27 ~27-270
aPCC concentrates (such as Low dose Medium dose High dose
FEIBA)  (Single dose)

Dose range (units’kg body weight) | ~ 1-25 ~25-50 ~ 50-100

* calculation based on the fact that plasma volume = 45 mL/kg body weight.

# the upper dose limit of 6 ug/mL or 270 pg /kg body weight was chosen based on the fact
that some physicians exceed the labeled dose of FVIla (90 pg /kg) 3-fold (270 pg /kg) on
occasions for improved efficacy in non-responders.

[125] EXEMPLARY DOSING REGIMENS

[126] 1) Acute bleeding: Single dose parenteral administration of ***FVa at low dose,

medium dose or high dose alone or in combination with single dosing of FVIIa or aPCC or

PCC or 3-factor PCC or 4-factor PCC or FEIBA or fresh frozen plasma at low dose, medium

dose or high dose simultaneously or alternating repeatedly until optimal response for acute

bleeding. Dosing intervals may span from every 2 hours to every 4 hours to every 8 hours to

every 12 hours to every 24 hours to every 48 hours to every 72 hours simultaneously or

alternating.

[127] 2) Acute bleeding: Continuous infusion or continuous parenteral administration of

" FVa at 0.0001-2700 pg /kg body weight per hour alone or in combination with single

dose infusion of FVIIa or aPCC at low, medium or high dose. Dosing intervals for FVIla or

aPCC or PCC or 3-factor PCC or 4-factor PCC or FEIBA or fresh frozen plasma may span

from every 2 hours to every 4 hours to every 8 hours to every 12 hours to every 24 hours to

every 48 hours to every 72 hours until optimal response for acute bleeding.

[128] 3) Acute bleeding: Same as in 1) or 2) in combination with FV Leiden- or FV
Cambridge- or FVIII- or FIX- or FX- product. For FVIII- or FIX- or FX- product single dose

infusion or parenteral administration at ~1-300 units per kg body weight until optimal

response for acute bleeding. Dosing intervals may span from every 2 hours to every 4 hours
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to every 8 hours to every 12 hours to every 24 hours to every 48 hours to every 72 hours

simultaneously or alternating.

[129] 4) Bleed prophylaxis or bleed prevention: Single dose parenteral administration of

*P’FVa at low dose, medium dose or high dose alone or in combination with single dose of
FVlla or aPCC or PCC or 3-factor PCC or 4-factor PCC or FEIBA or fresh frozen plasma at
low dose, medium dose or high dose simultaneously or alternating. Dosing intervals for
prophylactic use may span from every 8 hours to every 12 hours to every 24 hours to every

48 hours to every 72 hours to weekly simultaneously or alternating.

[130] In certain aspects of the invention, ***'FVa is administered as a monotherapy for
various bleeding disorders and conditions, e.g., hemophilia, traumatic bleeding and NOAC-
induced bleeding. Exemplary dosing schedules and ranges for ***FVa as a monotherapy to

treat these conditions are provided below:

[131] In hemophilia with inhibitors, the dose of *"*'FVa is about 4-2000 U/kg or about
0.01-8.0 mg/kg, preferably about 40-200 U/kg or about 0.1-0.8 mg/kg.

[132] In acute traumatic coagulopathy, the dose of ****'FVa is about 20-10,000 U/kg or
about 0.06-35 mg/kg, preferably about 200-1000 U/kg or about 0.6-3.5 mg/kg.

[133] In NOAC-mediated bleeding, the dose of **"*'FVa is about 40-200 U/kg or about
0.1-0.8 mg/kg.

[134] Dosing can be a single bolus or a bolus infusion over 10 min, 20 min, 30 min or
60 min. Dosing can be a continuous infusion for 1 hour, 2 hour, 4 hour, 6 hour, 8 hour, 12
hour, 24 hour, 36 hour, 48 hour, 72 hour, 96 hour, or as long as required to resolve the
bleeding episode or coagulopathy. Dosing can be a single bolus or a bolus infusion repeated
every 2 hours, every 4 hours, every 6 hours, every 8 hours, every 10 hours, twice daily, once
daily, every other day, twice weekly, or once weekly for as long as required to resolve the
bleeding episode or coagulopathy or indefinitely when used as a prophylactic or preventative

treatment.

[135] In other aspects of the invention, ****'FVa is administered along with other
pharmaceutically active agents in a combination therapy for various bleeding disorders and
conditions, e.g., hemophilia, traumatic bleeding and NOAC-induced bleeding. Exemplary
dosing schedules and ranges for ***FVa when used in combination therapy are provided

below:
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[136] For example, when used in combination therapy, the dose of **'FVa may be
about 4-20 U/kg or 0.01-0.08 mg/kg, preferably about 0.04-2 U/kg or about 0.001-0.008
mg/kg, to treat acute traumatic coagulopathy; about 20-100 U/kg or 0.06-0.35 mg/kg,
preferably about 2-10 U/kg or about 0.0006-0.035 mg/kg, to treat acute traumatic
coagulopathy; or about 4-20 U/kg or 0.01-0.08 mg/kg, preferably about 0.04-2 U/kg or about
0.001-0.008 mg/kg, to treat NOAC-mediated bleeding, when used in combination with a
clinical dose of FVIla (90 pug/ml) or a high clinical dose of FVIIa (270 pg/ml) or a clinical
dose of FEIBA (25-50 U/kg).

[137] Alternatively, to treat hemophilia with inhibitors and/or NOAC-mediated
bleeding, a dose of about 40-200 U/kg or 0.1-0.8 mg/kg, preferably about 4-20 U/kg or about
0.01-0.08 mg/kg, more preferably about 0.4-2 U/kg or about 0.001-0.008 mg/kg, most
preferably about 0.04-0.2 U/kg or about 0.0001-0.0008 mg/kg of **™'FVa may be
administered along with about 90-270 pg/ml, preferably about 9-27 pg/ml, more preferably
about 0.9-2.7 ug/ml, most preferably about 0.009-0.27 pg/ml of FVIla; or about 25-50 U/kg,
preferably 2.5-5.0 U/kg, more preferably about 0.25-0.5 U/kg, most preferably about 0.025-
0.05 U/kg of FEIBA; or about 1-100 U/kg, preferably about 0.1-10 U/kg, more preferably
about 0.01-1 U/kg, most preferably about 0.001-0.1 U/kg of PCC.

[138] Additionally, to treat acute traumatic coagulopathy, a dose of about 200-1000
U/kg or about 0.6-3.5 mg/kg, preferably about 20-100 U/kg or about 0.06-0.35 mg/kg, more
preferably about 2-10 U/kg or about 0.006-0.035 mg/kg, most preferably about 0.2-1 U/kg or
about 0.0006-0.0035 mg/kg of *"*FVa may be administered along with about 90-270 pg/ml,
preferably about 9-27 ug/ml, more preferably about 0.9-2.7 pg/ml, most preferably about
0.009-0.27 pg/ml of FVIla; or about 25-50 U/kg, preferably 2.5-5.0 U/kg, more preferably
about 0.25-0.5 U/kg, most preferably about 0.025-0.05 U/kg of FEIBA; or about 1-100 U/kg,
preferably about 0.1-10 U/kg, more preferably about 0.01-1 U/kg, most preferably about
0.001-0.1 U/kg of aPCC.

[139] In yet other aspects of the invention, the combination therapy involving ***FVa
also includes alternate dosing of “**FVa and a second pharmaceutically active agent, e.g.,
FVIla, FEIBA, and aPCC. For example, when **'FVa may be administered 1 hour, 2 hours,
4 hours or 6 hours after a clinical dose of FVIla to make use of the natural “washout period”

for FVIla to lower its concentration for synergy with ***FVa.
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[140] The invention is also understood to encompass isolated nucleic acids encoding a
*P'FVa, preferably a *"'FVa having 90% sequence identity to SEQ ID NO:4, more
preferably a **"FVa having 95% sequence identity to SEQ ID NO:4, and most preferably a
*P"FVa of SEQ ID NO:4. Also, the invention includes host cells, e.g., bacteria, yeast,
mammalian cells, that contain the isolated nucleic acid encoding a ***FVa. Thus, the present
invention should be understood to further include methods for recombinant production of an
activated form of FV, such as the *"FV of SEQ ID NO:4, comprising culturing a host cell
containing the nucleic acid under conditions suitable for FV production and optionally

isolating and purifying said activated form of FV.

[141] The present invention has been described in detail. In order to further illustrate the
present invention and its intrinsic benefits the following examples discussing experiments

conducted by the inventors are provided.
WORKING EXAMPLES

MATERIALS AND METHODS USED IN EXAMPLES

MATERIALS

[142] Normal pooled human plasma and plasma from human FVIII-deficient patients
with and without inhibitors (titer specified in Bethesda Units (BU)) was purchased from
George King Bio-Medical (Overland Park, KS, USA). In addition, plasma and clinical
information was obtained from two patients with severe FVIlI-deficiency (<1% intrinsic
FVIII-activity levels) and inhibitors (titers determined in BU by the clinical laboratory using
the Nijmegen assay (17) regularly visiting the Hemophilia Treatment Center at the University
of California, San Diego (UCSD) after informed consent was obtained. Patient confidentiality
safeguards, sample and data acquisition methods were approved by the UCSD Institutional
Review Board. Blood was drawn into 3.8% sodium citrate (pH 5.5) at a 9:1
blood/anticoagulant volume ratio, and processed immediately. Plasma was collected and
frozen at -80°C after centrifugation at 2600 x g for 15 minutes. The following reagents were
used: Thrombin from Enzyme Research Laboratories (South Bend, IN, USA), hirudin from
Calbiochem (San Diego, CA, USA), Corn trypsin inhibitor (CTI) from Enzyme Research
Laboratories, thrombin calibrator from Synapse BV (distributed by Diagnostica Stago),
Substrate Z-Gly-Gly-Arg-AMC from Bachem (Bubendorf Switzerland),recombinant human
tissue factor (TF), Dade Innovin from Dade Behring (Newark, DE, USA), mouse anti-human
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FVIII (GMAB8015) and isotype antibody (GMA650) from Green mountain antibodies
(Burlington, VT, USA), recombinant human FVIla, NovoSeven®, from NovoNordisk
(Bagsvaerd, Denmark), Phospholipid vesicles (80% phosphatidylcholine (PC), 20%
phosphatidylserine (PS)) were purchased from Avanti Lipids (Alabaster, AL,USA) and
prepared as described (18).

PROTEIN PREPARATION

[143] Recombinant super factor five (*"**FV) (M.wt. 174kDa) was made on a B-
domain deleted S2183A FV platform and purified from conditioned media of stable
transfected BHK cells by a combination of affinity chromatography using anti-FV 3B1 and
HV5101 monoclonal antibodies as described (16) . SuperFV protein concentration was
determined by absorbance at 280 nm using FV £1%= 16.9 (calculated based on amino acid
composition and MW of 174 kDa using DNASTAR Lasergene (Madison, WI)) and ELISA
(Enzyme Research Laboratories) according to manufacturer’s instructions. *""FV protein
was activated with 2 nM thrombin for 20 minutes at 37°C in prothrombinase buffer (50 mM
HEPES, 150 mM NaCl, 0.5% BSA, 5 mM CaCl, and 0.1 mM MnCl,). Activation was

terminated by the addition of 1.1 molar equivalent of hirudin.

ACTIVATED PROTEIN C (APC)

[144] Human recombinant or plasma-derived APC, and murine recombinant APC was
used as indicated in the different experiments. For a human source of APC, recombinant
human (rh) APC (Xigris®, Eli Lilly, Indeanapolis, IN, USA) was used, and reconstituted
according to the manufacturer’s specification. Recombinant murine APC was purified and

prepared as previously described (5).

THROMBIN GENERATION ASSAYS

[145] Endogenous thrombin potential (ETP) assays were performed as described (19).
Briefly, plasma samples supplemented with CTI, TF, PCPS vesicles and coagulation factors
were preincubated with the plasma at 37 °C. Thrombin generation was initiated by addition
of CaCl, and Z-Gly-Gly-Arg-AMC in HBS/0.5 % BSA. The final reaction mixture contained,
50 % plasma, 0.2 pM TF, 4uM PCPS vesicles, 0.725 uM CTI, 0.5 mM Z-GGR-AMC and 7.6
mM CaCl, in a total volume of 100 pL. In some experiments, 1.25 pg/ml anti-FVIII antibody
was added to the plasma and ETP was determined after 1 hour of preincubation. Fluorescence

was measured at excitation/emission wavelengths of 360/460 nM using Gemini EM
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fluorescent plate reader (Molecular Devices). Fluorescence time course data were converted
to nM thrombin as described (20). ETP, defined as the area under the curve (AUC) and the

peak height were determined using Origin or GraphPad Prism software.

[146] BU titer values for FVIII antibodies added to FVIII-deficient plasma were
determined using a modified Nijmegen Bethesda assay (Barrow and Lollar; JTH 2006,
4:2223-2229). Briefly, antibody was serially diluted in HBS with 0.05 % Tween 80 and
mixed 1:1 with pooled normal plasma that was supplemented with 100 mM Imidazole, pH
7.0. Samples were incubated at 37 °C for 2 hours then assayed by aPTT with APTT XL
reagent (Pacific Hemostasis). A standard curve was derived from a serial dilution of normal
plasma into FVIII deficient plasma that was also mixed 1:1 with HBST and incubated at 37
°C for 2 hours. Percent FVIII activity was plotted versus mg/ml of antibody and residual
activity of 50 % was defined as 1 BU/ml. In addition, endogenous thrombin potential (ETP)
assays were performed as described (3) . Briefly FVa mutants or saline were added to human
or murine plasma (George King Bio-Medical; mouse source, 50% v/v) supplemented with
1.45 puM corn trypsin inhibitor (Haematologic Technologies) , 10 mM CaCly, 10 uM
phospholipid vesicles (80% phosphatidylcholine, 20% phosphatidylserine, prepared as
described(6), 0.2 pM soluble tissue factor (Innovin®, Dade Behring), and 0.4 mM Z-Gly-
Gly-Arg-AMC (thrombin substrate, Bachem) in HBS. After mixing, 100 pL was transferred
to a FluoroNunc microtiter plate at 37°C to monitor fluorescence (excitation at
360nm/emission at 460 nm; Gemini EM fluorescent plate reader (Molecular Devices)).
Fluorescence time course data were converted to nM thrombin as described (7). ETP, defined

as the area under the curve, was determined using Prism 5.04 (Graphpad).

FVA INACTIVATION ASSAYS

[147] APC-mediated inactivation of FVa was analyzed in ETP assays and aPTT clotting
assays. FVa mutants were incubated with equal volumes of either recombinant human APC

(Xigris®) or buffer in human and murine Balb/c plasma.

APTT CLOTTING ASSAYS

[148] Plasma (50 uL) was mixed with 50 uL. of aPTT reagent (APTT-XL, Pacific
Hemostasis) and incubated at 37°C for 3 minutes in the presence of FVa either with
recombinant human APC or buffer. Following addition of 25 pL of 50 mM CaCl, in HBS,

0.5% BSA, the clotting time was recorded using an ST4 coagulometer (Diagnostica Stago).
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EX-VIVO APTT CLOTTING ASSAYS

[149] Recombinant murine APC was administered intravenously to Balb/c mice by tail
vein injection 2 minutes prior to retroorbital blood harvest in siliconized microcapillaries (75
L) prefilled with 20 pL. Sodium-Citrate (3.8%). Whole blood aPTT was performed
immediately, whereby 50 puL of blood were mixed with 50 L of aPTT reagent (APTT-XL,
Pacific Hemostasis) and incubated at 37°C for 3 minutes in the presence of FVa or buffer.
Following addition of 25 pL of 130 mM CaCl, in HBS, 0.5% BSA, the clotting time was

recorded using an ST4 coagulometer (Diagnostica Stago).

TAIL CLIP BLEEDING ASSAY

[150] Mice were anesthetized with Isoflurane 3%, placed on temperature controlled
heating pads (37°C), and the distal portion of the tail was cut at 1.5 mm diameter after which
the tail was immersed in a predefined volume of 37°C saline (0.9% NaCl) for 20 minutes. To
study effects on bleeding and clot stability, tubes were changed after 10 minutes to collect
blood for the first and second 10 minutes separately. Blood loss was determined by the
hemoglobin concentration in the saline solution after red cell lysis with 2% acetic acid and
measured by absorbance at 490 nm. Using a hemoglobin standard derived from defined blood
volumes, blood loss was calculated assuming a hematocrit of 46% and expressed in pL/g
body weight. Groups of Balb/c mice were injected intravenously (tail vein) with equal
volumes (200 pL) of *"FVa or saline 2 minutes prior to intravenous injection of rhAPC
(Xigris®). Immediately after APC injection tail cut was performed. All agents were diluted

in sterile sodium chloride 0.9% for injection (Hospira Inc).

LIVER LACERATION BLEEDING ASSAY

[151] Mice were anesthetized with Isofluorane 3% and the abdomen was opened by
substernal blunt midline dissection. The liver was mobilized and externalized onto sterile
gauze, followed by a defined 10 mm scalpel cut through the left liver lobe which resulted in
complete ventral and dorsal laceration. Immediately after laceration mice were positioned
prone into a small weighing dish (8 cm diameter) filled with saline (37°C, 13 mL),
transferred into the anesthesia chamber which rested on a heating pad (37°C). Anesthesia was
maintained at 3% Isofluorane and dishes were changed after 10 minutes to collect blood for
the first and second 10 minutes separately. Blood loss was determined as described for the
tail clip model. Groups of Balb/c mice were injected intravenously (tail vein) with equal

volumes (200 pL) of ***FVa or saline 2 minutes prior to intravenous injection of plasma-
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derived human APC, followed immediately by liver laceration. All agents were diluted in

sterile sodium chloride 0.9% for injection (Hospira Inc).

STATISTICAL ANALYSIS

[152] Two-sided Student’s t test was used to assess statistical significance where

appropriate. A p-value of < 0.05 was considered statistically significant.
EXAMPLE 1

[153] This example relates to the experiments the results of which are contained in
Figure 1A and 1B. These experiments illustrate the synergistic effects of FVIla and *™FVa
in FVIIl-deficient plasma. In these experiments, thrombin generation was determined as ETP
and peak height in FVIII-deficient plasma supplemented with increasing concentrations of
*P’FVa in the absence or presence of a fixed concentration of thFVIla (NovoSeven®, 25
ng/mL). Panel (A) in the figure is a representative example of ETP at increasing
concentrations of ****FVa in the absence (top panel) or presence of rhFVIla (bottom panel).
Panel (B) depicts the amount of ETP (Endogenous Thrombin Potential) (top panel) and peak
height (bottom panel) achieved with increasing concentrations of "' FVa in the absence
(black curve) or presence of rhFVIla (red curve). In the figure the error bars represent
standard error of the mean (n>5). These results statistically demonstrate the synergistic
effects of the combination on ETP and peak height and based thereon on thrombin

generation.

EXAMPLE 2

[154] This example relates to the experiments the results of which are contained in
Figure 2A and 2B. These experiments further show the synergistic effect of FVIIa and
*P"FVa in FVIlI-deficient plasma. In the experiments, thrombin generation was determined
as ETP and peak height in FVIII-deficient plasma supplemented with increasing
concentrations of thFVIla (NovoSeven®) in the absence or presence of a fixed concentration
of **FVa (0.59 ng/ml). Panel (A) contains a representative example of ETP at increasing
concentrations of rhFVIla in the absence (top panel) or presence of **FVa (bottom panel).
Panel (B) shows ETP (top panel) and peak height (bottom panel) achieved with increasing

concentrations of rhFVIla in the absence (black curve) or presence of ***FVa (red curve).

The error bars again represent standard error of the mean (n>5). These results also
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statistically demonstrate the synergistic effects of the combination on ETP and peak height

and based thereon on thrombin generation.
EXAMPLE 3

[155] This example relates to the experiments the results of which are contained in
Figure 3A and 3B. These experiments further demonstrate the synergistic effect of FVIIa
and *"FVa in normal human plasma with anti-FVIII antibody (inhibitor). Thrombin
generation was again determined as ETP (top panels) and peak height (bottom panels) in
normal human plasma supplemented with 1.25 pg/ml anti-human FVIII-antibody. Panel (A)
shows thrombin generation with increasing concentrations of ***FVa in the absence (black
curve) or presence of a fixed dose of rthFVIla (NovoSeven®, 25 ng/ml) (red curve)
concentration. Panel (B) shows thrombin generation with increasing concentrations of
rhFVIla in the absence (black curve) or presence of a fixed dose of ***FVa (red curve)
concentration. Endogenous Thrombin Potential; ETP. ***"FVa; SFVa. The error bars again
represent standard error of the mean (n>5). These results also statistically demonstrate the
synergistic effects of the combination on ETP and peak height and based thereon on thrombin

generation.
EXAMPLE 4

[156] This example relates to the experiments the results of which are contained in
Figure 4A and 4B. These experiments further illustrate the synergistic effect of FVIla and
*P"FVa in plasma of patients with congenital FVIII-deficiency and high titer anti-FVIII
antibodies (inhibitors). In particular, the procoagulant effects of ***"FVa and/or rhFVIla were
also studied in patients with congenital FVIII-deficiency and inhibitors. ETP of 2 clinic
collected and 3 commercial plasma samples from patients with high titer inhibitor (clinic
samples BU-titer = 64 for both patients; commercial samples BU-titer = 41, 150 and 280)
were studied at baseline, in the presence of 2 different concentrations of **'FVa or rhFVIIa,
or combinations of both. Results were compared to the ETP of NHP (Figure 4A/B).

RhFVIla or *"*'FVa increased ETP and peak height in all five patient samples. ETP and peak
height were comparable between plasmas spiked with 40 nM rhFVIla (therapeutic
concentration of thFVIla) and **FVa at 3.3 nM. Notwithstanding inter-individual responses
to factor substitution, ETP and peak height increased noticeably in all patient samples when
rhFVIla (40 nM; therapeutic concentration) and ****FVa (3.3 nM) were combined,

demonstrating an ~ 1.5- to 3-fold increase compared to either factor alone. When lowering
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the concentration of rhFVIIa by 20-fold, from 40 nM to 2 nM in the presence of **FVa at
3.3 nM, effects on ETP and peak height remained comparable to the combination therapy
with rhFVIla at 40 nM. However, increasing the concentration of ****FVa to 30 nM in the
presence of only 2 nM rh FVIla, appeared to further increase ETP and/or peak height in
several patient samples. Effects were most pronounced in the clinical collected samples,
where with factor combination ETPs became comparable to the ETP of normal pooled

plasma (Figure 4A).

[157] These results statistically demonstrate the synergistic effects of the combination
on coagulation or clotting and thrombin generation (as evidenced by increased ETP and peak

height).
EXAMPLE 5

[158] This example relates to the experiments the results of which are contained in
Figure 5. In particular, the effects of *"*'FVa were also studied directly in two different
patients with congenital FVIII-deficiency and high titer inhibitor (Patient A, BU=64; Patient
B, BU= 32), immediately before and 5 minutes after treatment with rhFVIla at 90 ug/kg for
acute joint or muscle bleeding. Treatment with rhFVIla resulted in ~ 1.5 to 2 fold increase of
ETP and peak height over baseline in both patients. Addition of increasing concentrations of
*PFVa to patient plasma ex vivo resulted in an additional ~ 3-fold increase of ETP and peak
height in the plasma harvested before and 5 minutes after rhFVIla infusion (Figure 5). ETP,
but not peak height plateaued at 10 nM *""'FVa for Patient A.

[159] These experiments illustrate the synergistic effect of ****FVa in the plasma of a
patient with congenital FVIII-deficiency and high titer anti-FVIII antibodies treated with
rhFVIla (NovoSeven®) for acute joint bleeding. Blood samples were obtained just before
(black curve) and 5 minutes post infusion of rhFVIla at 90 pg/kg (red curve). BU-titer=64
U/ml. Thrombin generation was determined as ETP (top panel) or peak height (bottom panel)
with increasing concentrations of ***FVa added to plasma samples ex vivo. These results
statistically demonstrate the synergistic effects of the combination on coagulation or clotting

and thrombin generation based on detected ETP and peak height.
EXAMPLE 6

[160] This example relates to the clotting experiments the results of which are contained
in Figure 8A and B. In this experiment, thrombin generation was determined in A) murine

Balb/c plasma and B) normal human plasma supplemented with thFVa or rh™*'FVa in the

49



WO 2015/066700 PCT/US2014/063898

presence of hAPC. Thrombin generation was expressed as area under curve (AUC) (n=4-6).
Error bars represent standard error of the mean. * denotes statistical significance (all p-values

<0.001.
EXAMPLE 7

[161] This example relates to the experiments the results of which are contained in
Figure 9A, 9B and 9C. In these experiments aPTT correction is demonstrated. Particularly,
as shown in Figure 9, aPTT clotting times were determined in human plasma in the presence
of A) increasing concentrations of hFVa or rh®**FVa in the presence of 10 nM rhAPC
(n=4), in Figure 9B aPTT correction is depicted as a single data point at 10 nM rhAPC and
InM rh FVa variants, and in Figure 9C aPTT correction is shown using murine plasma in the
presence of rhFVa variants (n=10) . Error bars represent standard error of the mean. * denotes

statistical significance (all p-values < 0.001.
EXAMPLE 8

[162] This example relates to the experiments the results of which are contained in
Figure 10. In the experiments aPTT correction is demonstrated with FVa variants after
intravenous injection of recombinant murine APC into Balb/c mice. Mice were injected
intravenously with saline or rmAPC (0.5 mg/kg). Two minutes later blood was collected
retroorbitally and whole blood aPTT was determined immediately. In the two groups of mice
that were injected with APC whole blood was spiked ex vivo with either **FVa or wt FVa
(open triangles 1 U/mL, open circles 0.5 U/mL, closed triangles 0.05 U/mL) to determine the
extent of aPTT correction with both variants. Error bars represent standard error of the mean.

* denotes statistical significance (all p-values < 0.001).
EXAMPLE 9

[163] This example relates to the experiments the results of which are contained in
Figure 11A and 11B which demonstrate the correction of APC-induced bleeding by ***FVa
in the murine tail clip model. Wild-type mice were injected intravenously with increasing
doses of thAPC or with saline. **“FVa was injected intravenously 2 minutes prior to APC at
2 concentrations. Bleeding after tail clip is expressed as blood loss in pl blood per gram
mouse. Figure 11A shows blood loss during 20 minutes, Figure 11B shows this divided into
1°' 10 minutes and Figure 11C shows the 2™ 10 minutes after tail clip depicted. Error bars

represent SEM. * denotes statistical significance (p-value < 0.05).

EXAMPLE 10
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[164] This example relates to the experiments the results of which are contained in
Figure 12. The experiments directly compare bleeding patterns following tail clip and liver
laceration. FVI1II-deficient mice were injected intravenously with saline (200 pL) or thFVIII
(50 U/kg; 200 pL) and subjected to tail clip or liver laceration. Wild-type Balb/c mice were
injected with saline for baseline values. Blood loss in all groups of mice during 20 minutes

was determined in both models.
EXAMPLE 11

{165] This example relates to the experiments the results of which are contained in
Figures 13A-C which show the correction of APC-induced bleeding by ***FVa after liver
laceration. In these experiments mice were injected intravenously with saline or plasma
derived human APC at 1.25 mg/kg. *"“FVa was injected intravenously 2 minutes prior to
APC at 3.5 mg/kg. Bleeding after liver laceration is expressed as blood loss in pl blood per
gram mouse. Figure13 (A) shows blood loss and Figure 13B survival during 20 minutes.
Figure 13C shows blood loss divided into 1* 10 minutes (top panel) and 2™ 10 minutes
(bottom panel) after injury. Four of 13 mice injected with APC died during the 1*' 10 minutes
after injury (open circles). Three more mice died during the 2" 10 minutes, respectively
(open rectangles) and are therefore were excluded from bottom panel. Error bars represent

standard error of the mean. * denotes statistical significance (all p-values < 0.01).
EXAMPLE 12

[166] This example relates to the experiments the results of which are contained in
Figure 14A and B. The experiments show the suppression of thrombin generation by rhAPC
plasma and the dose response. In the experiments thrombin generation was determined in
14A) normal human plasma and 14B) mouse plasma in the presence of increasing of rhAPC.

Thrombin generation was expressed as area under curve AUC.
EXAMPLE 13

[167] This example relates to the experiments the results of which are contained in
Figure 15 A and B. A The experiments show the prolongation of aPTT clotting times in
plasma by rhAPC and the dose response. In this experiment APTT was determined in 15A)
normal hu