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Fusion proteins comprising Factor IX for prophylactic treatment of hemophilia
and methods thereof

Priority details

The present application claims priority from United States Provisional Patent
Application No. US61/919884 entitled “Fusion proteins comprising Factor IX for
prophylactic treatment of hemophilia and methods thereof™ filed on 23 December 2013,

the entire contents of which are hereby incorporated by reference.

Field of the Invention

The present mvention relates 1o prophylactic dosing regimens with long-acting factor
IX (FIX) in dosing intervals of T week or longer, including {(but not limited to) 10 days
or longer, such as two weeks, three weeks or even monthly.

Backeground of the invention

Hemophilia B is an X-linked recessive inherited bleeding disorder resulting front a
deficiency of coagulation factor IX (FIX), a coagulation factor central to the process of
blood coagulation. Signs and symptoms of hemophilia B are variable, depending on the
severity of FIX deficiency and the location of bleeding. Muost often, bleeding is
characterized by spontaneous or trauma-induced hemorrhage into joints, muscles, and
soft tissues. Recurrent bleeding in the same location may lead to permanent injury of
the joint. Rare but life-threatening bleeding may also oceur in the central nervous

systen, throat, or gastrointestinal tract.

The goal of therapy for hemophilia B 1s to treat or prevent hemorrhage, thereby
reducing disabling joint and tissue damage, and improving quality of life (Qol).
Replacement therapy with FIX provides a temporary correction of the factor deficiency
and reduces bleeding tendencies. Currently, plasma-derived and recombinant FIX
products are used for the prophylactic and on-demand treatment of hemophilia B.
However, plasma-derived products are associated with risks related (o transmission of
infectious viruses such as human immunodeficiency virns, hepatitis B virus, and
hepatitis C virus. Both plasma-derived and recombinant FIX products have a short
half-life and, therefore, require dosing 2 to 3 times a week in order to achieve a
significant reduction of bleeding episodes. In addition, repeat dosing may be required
to control bleeding episodes with a relatively short bleeding-free period following

administration. The need for frequent intravenous {IV) injections of either plasma-
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derived or recombinant FIX products carries significant burden for patients and the
physicians treating their disorder, Such a regimen in younger children often {but not
always), requires the insertion of a venous access device that must be kept extremely
clean to avoid infectious complications and prevent the development of clots in the

5 line. The risk and morbidity associated with such devices may prevent some very
voung children with hemophilia from receiving adequate care. A FIX product that has a
prolonged half-life and better recovery rate may allow patients to achieve adequate

hemostasis with fewer injections.

1 A pegylated form of FIX has been generated which shows 3 to 7 times prolonged half-
life of FIX in minipigs and dogs (@Dstergaard. H, et al., 2011, Blood. 118(8):2333-
2341). Similar results were observed in patients (Negrier C et al. Blood. 2011 Sep
8; 118(10)%:2695-701).

1§ Afusion protein comprising recombinant FIX and albumin (rIX-FP) has dernonstrated
in rats, rabbits, and FIX-deficient mice that it has improved PK parameters {i.e.,
increased recovery, terminal half-life and area under the concentration-time curve
[AUCT compared with published results of a currently marketed recombinant FIX
product (e.g.. tFIX)) (Metzner HI, ef al., 2009, Thromb Haemost. 102:034-644).

20 Studies in humans showed that weekly prophylaxis of rIX-FP decreased the
consumption of FIX compared to the previous FIX product with fewer infusions
{(Martinowitz et al., ISTH, Amsterdam, The Netherlands, June 29-July 4, 2013
absiract).

o]
A

Another example of such a fusion protein comprising FIX is rFIX-Fc. In WO
2012/006624, therapeutic chimeric polypeptides comprising FIX are described which
can be fused to FeRn Binding Partners such as Fe or albumin. tFIX-Fe showed an
increased half-life in vive. This document snggests administering rfFIXFe at 20 IU/kg
weekly, 40 TU/Ag every 10 days or 120 TU/kg every two weeks for prophylactic

30 therapy. Luk et al (Luk A, etal., 2011. Haemophilia. 17:352-380) also describes that
rFIX-Fe shawed an increase in half-life, as well as in other PK parameters, compared to
BeneFIX® (i.e., rFIX). The phase 3 study for rFIX-Fe was recently published which
shows that when administered at a weekly interval starting at 30 TU/kg or at 100 TW/kg
starting at a 10 day dosing interval, there was low annualized bleeding rates in patients
with hemophilia B (Powell IS, et al., Dec 12, 2013, NEIM. 369:2313-23).
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The present invention provides prophylactic dosing regimens with long-acting factor
IX in dosing intervals of 1 week or longer, such as 10 days or longer, According to the
invention described herein, even longer periods of prophylactic dosing can be achieved

than previously covisioned, such as two wecks, three weeks or even monthly.

In a preferred embodiment, the present invention provides prophylactic dosing
regimens for a fusion protein comprising FIX and the HLEP, wherein the Factor IX
(FIX) portion is connected fo the hal{-life enhancing polypeptide (HLEP) via a
cleavable peptide linker. The HLEP {e.g., albumin) increases the half-life of FIX, but
10 without a cleavable hinker, the FIX has in general reduced or low activity. The
cleavage of such linkers liberates the polypeptide from any activity-compromising
steric hindrance cansed by the HLEP and thereby allows the generation of fnsion
profeins, which retain a high molar specific activity of the FIX. Such fusion proteins
exhibit improved half-life and molar specific activities that are increased in comparison
1S to their non-cleavable counterparts. Preferably, cleavage occurs by proteins invelved in
coagulation. This allows the non-activated FIX to have an increased half-life until a
bleeding event oceurs, and simultaneons activation of FIX and cleavage from HLEP
(c.g.. albumin). The activated FEX, wlhich 1s liberated from its fusion to the HLEP, has
both high activity and is rapidly cleared from the blood due to the loss of HLEP (e.g..
20 albumin). This rapid clearance is desirable since extended time of the activated FIX

might lead to thrombotic complications.

The prior art describes a fusion protein comprising FIX and albumin with a non-

cleavable linker. For example, WO 01/79271 describes fusion polypeptides of a

o]
A

multitude of different therapentic polypeptides which, when fused to human serum
albumin, are predicted to have an increased functional half-life in vivo and extended
shelf-life. Among the list of therapeutic polypeptides mentioned as Examples is Factor
IX. Also described are fusions of FIX in which there is a peptide linker between
albumin and FIX, but the linker is not specified to be cleavable. Sheffield et al.

30 (Sheffield W.P. et al. {2004), Br. J. Haematol. 126: 563-373) expressed a murine Factor
IX albomin fusion protein composed of murine FIX, a linker of § amino acids
{GPGyTM), murine albumin and a pepiide tag of 22 aniino acids, and also a human
Factor IX albumin fusion protein composed of human Factor IX, a linker of 7 amino

actds (GsV) and human albumin. Sheffield does not use or suggest using a cleavable

42
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linker between FIX and albumin. These fusion proteins allow FIX to be activated but it

has low activity due to the presence of albumin.
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Once g coagulation factor 18 activated during coagulation either by proteolytic cleavage
of the zvmogen {like FIX) or by contact of an already proteolytically “pre”-activated
factor to a second polypeptide (like FVIla binding to Tissue Factor), it is no longer

5 desirable to maintain the long half-life of the now activated coagulation factor, as this
might Iead to thrombotic complications and should be even more releyant if the
activated factor would have an increased half-life. It is therefore one objective of the
present invention to provide long-lived FIX suitable for prophylactic therapy with
treatment periods of 1 week or longer and even as long as two weeks, three weeks and

10 even monthly.

Fusions of the coagulation factors to half-life enhancing polypeptides as described in
the prior art suffer in general from a reduced molar specific activity of the fused
coagulation factor. Another aspect of the present invention to provide coagulation

1§ factors with enhanced half-life, which show increased molar specific activity compared

to the cortesponding therapeuntic fusion protein without a cleavable linker.

US2008/0260735 describes fusion proteins comprising a coagulation factor, such as

FIX, and a half-life enhancing polypeptide. connected by a cleavable peptide linker that
20 may be cleaved by a protease involved in coagulation. These [usion proteins have

increased half-lives and molar specific activity. This application is herein incorporated

by reference in its entirety.

An example of the fusion protein of the invention s a fusion profein comprising FIX

o]
A

and albumin where the cleavable linker is cleavable by a protease inveolved in
coagulation, Proteolytic cleavage in a coagulation-related mode, in the sense of the
invention, is any proteclytic cleavage that occurs as a consequence of the activation of
at least one coagulation factor or coagulation colactor. The coagulation factor s
activated almost in parallel to the proteolytic cleavage of the linker peptide. Activation
30 may occur, for example by proteolytic cleavage of the coagnlation factor or by binding
to a cofactor. This results in activation of FIX with a long half-life and high activity
upon activation {sce Figure 1). The albumin increases the hal{-life of FIX in the blood
until a bleeding event occurs, the bleeding event simniltaneonsly activates FIX and

cleaves it from albumin so the cleaved FIX has both high activity and is rapidly cleared
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from the blood due to the Toss of albumin.
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rIX-FP (rFIX-albumin fusion protein} having the sequence set forth in SEQ ID NO: 1
(see Figure 2). showed improved PK parameters. Specifically, ithas prolonged
circulation in plasma as shown by the 5.3-fold longer half-life (&), the 7-fold reduced
CL, and the 7-fold greater AUC compared to 1FIX {e.g., Benefix®) (Santagostino E, et
al. Blood. 2012 Sep 20:120{12):2405-11). This surprisingly allows for prophylactic
treatment of hemophilia with dosing intervals that are significantly longer than
suggested by the prior art for rFIX,

The technical advantage of the present invention is that the fusion protein {e.g., rFIX-
FP) has both a longer half-life and over 30% higher incremental recovery than other
knowri FIX products. The higher incremental recovery of the fusion protein micans that
a lower dose (i.e., less protein) 1s adminisiered to achieve a necessary FIX activity

level, based on the standard dosing formula:

Number Desired Reciprocal of
of factor Body factor IX observed
IX1U = weight X increase X TECOVErY
required {kg) {% or (IU/kg per
1) TU/dL) TU/dLY

Therefore, the fusion protein (e.g., tEX-FP) 1s less likely to be immunogenic since fewer
host cell proteins are administered, in addition to a lower risk of local reactions at the
site of injection. Longer half-life, lower clearance, larger AUC {enhanced exposure)
and higher incremental recovery benefit patients since less product (IU/kg per dose and
W/kg per week) 1s used and less frequent administrations are required to achieve the

same FIX peak and trough activity levels in a patient.

Sununary of the invention

The invention relates to a fusion protein comprising

a} a Factor IX (FIX) portion, and

b) a half-life enhancing polypeptide {HLEP)
for use in a method of preventing bleeding 1n a subject, wherein the [usion profein 18 o
be administered to the subject at a dose of about 25-75 IW/kg for a dosing interval of
about ance every week. In a preferred embodiment, the dose is about 35-75 IU/kg. In
another more preferred embodiment, the dose is about 35-33 TU/Kkg. In still another

more preferred embodiment, the dose is about 35-30 F/kg. Tn still another more
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preferred embodiment, the dose s about 25-50 [U/kg. In another preferred
gmbodiment, the dose is 30-40 /g, In a preferred embodiment, the dose s about 50
IU/kg, In another preferred embodiment, the dose is about 45 W/kg. In stll another
highly preferred embodiment. the dose is about 40 IUd/kg. In another highly preferred

5 embodiment, the weekly dose is about 35 TUf kg, In still another highly preferred
embodiment. the weekly dose is about 23 [U/kg. In the most preferred embodiment, the
weekly dose is about 25-40 1U/kg.

In any one of these embodiments, the dosing tnterval may be about once every 6 to 8
10 days, preferably about once every 7 days. In any one of these embodiments, the HLEP
may be an HLEP that is not Fe. In any one of these embodiments, the HLEP is
preferably albumin. In preferred embodiments, the plasma level of the FIX is
maintained at a trough of at least about 1%, preferably at least about 2%, preferably at
least about 3%, preferably at least about 4%, or preferably at least about 5% above
15 baseline for the entire dosing interval, and more preferably between 4% and 15 %, or

even more preferably between 3 and 15% above bascline for the entire dosing interval.

The invention alsa relates to a fusion profein comprising
a) a Factor IX (F1X) portion, and
20 b} a half-life enhancing polypeptide (HLEP)
for use in amethod of preventing bleeding in a subject, wherein the fusion protein is to
be administered to the subject at & dose of about 50-95 1U/kg for a dosing interval of
about once every 8 to 11 days. In a preferred embodiment, the dose is 50-75 IUtkg. In
this preferred embodiment, the dose can be abont 75 TU/kg. In this preferred

o]
A

embodiment, the dose can be about 30 [U/kg. Preferably, the dosing interval 1s about
once every 10 days. In another embodiment, the dose is administered 3 times per
month,

The invention further relates to a fusion protein comprising
30 a} a Factor IX (FIX) portion, and
b) a half-life enhancing polypeptide {HLEP)
for use in a method of preventing bleeding 1n a subject, wherein the [usion profein 18 o
be administered to the subject at a dose of about 50-95 IW/kg for a dosing interval of

about once every two weeks. In a preferred embodiment, the dose is 65-85 IU/kg. In
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another preferred embodiment, the dose is about 60-80 IU/kg. In still another preferred

embodiment, the dose is about 70-80 IU/kg. In the most preferred embodiment, the
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dose is about 50-75 [U/kg. In this most preferred embodiment, the dose can be about 75
IU/kg or the dose can be about 50 IU/kg. In any one of these embodiments, the dosing
interval may be about once every 12 to 16 days, preferably about once every 13 (o 15

days, more prelerably about once every 14 days.

The invention further relates to & fusion protein comprising
ay a Factor IX (FIX) portion. and
b) a half-life enhancing polypeptide (HLEP)
for use in preventing bleeding in a subject, wherein the fusion protein is to be
10 administered to the subject at a dose of at least about 90-250 IU/kg for a dosing interval
of about once every 3 weeks or longer. In a preferred embodiment, the dose is about
90-150 IU/kg. In another preferred embodiment, the dose is about 95-110 1W/kg. In
another preferred embodiment, the dose is about 95-105 1U/kg. In a more preferred
efabodiment, the dose is about 100 IUkg. In any of these embodiments, the dosing
1S interval may be about once every 19 to 23 days, preferably about once every 20 to 22
days, more preferably about once every 21 days. Alternatively, the dosing mterval may
be about once every month. In a preferred embodiment, the dose is about 140-200
IU/kg and the dosing interval is about once every month. In a more preferred
embodiment, the dose is about 140-160 [U/kg and the dosing interval is about once
20 every month. In a highly preferred embodiment, the dose is about 150 IU/kg and the
dosing interval is about once every month. In any of these entbodiments, the dosing

interval may be about once every 28 days.

In any one of the embodimenis of the invention., the half-life enhancing polypeptide

o]
A

(HLEP)} may be albumin (FP} or an immunoglobulin withount an antigen binding
domain (e.g., Fci. In a preferred embodiment, the half-life enhancing polypeptide
{HLEP) is albumin (FP). In one particular embodiment, the HLEP is not Fe.

In a preferred embodiment, the Factor IX (FIX) portion of the fusion protein is

30 connected to the half-life enhancing polypeptide (HLEP) via a peptide linker. In
another highly preferred embodiment, the peptide linker is cleavable. In an even more
preferred embodiment. the peptide linker is cleavable by profeases involved in
coagulation or activated by coagulation enzymes. Proteases involved in coagulation are

activated once the coagulation cascade is activated which ultimately results in the

42
LA

generation of fibrin from fibrinogen.
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In the most preferred embodiments of the invention, the linker is cleavable by the
protease that activates the coagulation factor, thereby ensuring that the cleavage of the
linker 1s linked to the activation of the coagulation Factor at a site at which coagulation
occurs. Other preferred fusion proteins, according to the invention, are those wherein
the linker is cleavable by the coagulation factor which 1s part of the fusion protein once
it is activated, thus also ensuring that cleavage of the fusion protein 18 connected with a
coagulatory event. Other preferred fusion proteins according to the invention are those,
wherein the linker 15 cleavable by a protease, which itsell 1s activated directly or
indirectly by the activity of the coagnlation factor which 1s part of the fusion protein,
thus also ensuring that cleavage of the fusion protein is connected with a coagulatory

gvent,

In a preferred embodiment, the linker is cleavable by FIXa and/or by FVTa/Tissue
Factor (TF).
In a particularly preferred embodiment, the linker comprises as sequence selected from
SEQ 1D NO: 2 and SEQ 1D NO: 3:

SEQ ID HOs» Z

Pro Val Ser Gln Thr Ser Lys Lew Thr Arg Ala GLu Thy Val Phs RPro Asp

SBEC ID KOs 3

Pro 3er Val Ser Gin Thr Ssr Lys Lew Thr Arg Ala Glu Thz Val Phe Pro

1 - R
REEE. LoD

n

1o an alternative embodiment, the linker is 90% identical to one of SEQ 1D NO: 2 and
SEQID NO: 3. In another embodiment, it is 80% identical to one of SEQ ID NO: 2
and SEQ ID NO: 3, In still another embodiment, it is 70% identical to one of SEQ ID
NQ; 2 and SEQ ID NQ: 3. In still another erabodiment, it 1s 60% identical to one of
SEQ ID NOx: 2 and SEQ 1D NO: 3. In a further embodiment, it is 50% identical to one
of SEQ 1D NO: 2 and SEQ ID NO: 3.

Preferably, the fusion protein of the tnvention has the sequence as set forth in SEQ ID

NO: 1 (see Figure 2). Alternatively, the sequence of the fusion protein has at least 70%
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identity to the sequence set forth in SEQ 1D NO: 1. The sequence of the fusion protein
may have at least 73% identity to the sequence set forth in SEQ IR NO: 1. The
sequence of the fusion protein may have at least 809% percent identity to the sequence
set forth in SEQ 1D NO: 1. The sequence of the {usion protein may have at least 85%

5 percentidentity to the sequence set forth 10 SEQ IR NO: 1. The sequence of the fusion
protein may have at least 90% percent identity to the sequence set forth in SEQ 1D NO:
1. The sequence of the fusion protein may have at least 953% percent identity to the
sequence set forth in SEQ 1D NO: 1. The sequence of the {usion protein may have af
least 989% percent identity to the sequence set forth in SEQ ID NO: 1. The sequence of

10 the fusion protein may have at least 99% percent identity to the sequence set forth in

SEQID NO: 1.

For any of the embodiments of the invention, the plasma level of the FIX is maintained
at a trough of at least about 1% above baseline for the entire dosing interval. Preferably,

1S the plasma level of the FIX is maintained at a trough of at least about 2-3% above
baseline for the entire dosing interval, and more preferably af least about 2, 3, 4. or 5%
above baseline for the entire dosing interval. In other more preferred embodiments the
plasma level of the FIX is maintained between 4 and 15% or between 5 and 153% above
baseline for the entire dosing intcrval.

20
For the purposes of the invention, the preferred subject to be administered the fusion
protein is huntan. Particularly preferred is a human that suffers from hemophilia B.
The fusion proteins of the invention may be for use as in a treatment involving a

25 prophylactic dosing regimen. In a particularly preferred embodiment. the dose is to be

administered intravenously.

Also encompassed by the present invention is a method of administering Factor IX
(FIX)} to a subject 1n need thereof, comprising adninistering to the snbject a dose of
30 about 25-75 TU/kg of a fusion protein comprising
a) a Factor IX (FIX) portion, and
by a hall-life enbhancing polypeptide (HLEP)
at about a2 once weekly or longer dosing wterval. In a preferred embodiment, the dose

is about 35-75 1ll/kg. In another more preferred embodiment, the dose is about 35-53
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kg, In another more preferred embodiment, the dose is about 35-30 TU/kg. In

another more preferred embodiment, the dose is about 25-50 TU/kg. In still another



WO 2015/095925 PCT/AU2014/050388

10

preferred embodiment, the dose is 30-40 TU/kg. o a preferred embodiment, the dose is
about 50 1U/kg. In another preferred embodiment, the dose is about 43 1U/kg. In
another highly preferred embodiment, the dose 18 about 40 IWU/kg. In another highly
preferred embodiment, the dose is abont 35 TU/kg. Tn another highly preferred
5 enmbodiment, the dose is about 25 TW/kg. In the most preferred embodiment, the

weekly dose is about 25-40 1U/g. In any one of these embodiments, the dosing
interval may be about once every 6 to 8 days, preferably about once every 7 days. In
any one of these embaodiments, the HLEP may be an HLEP that 1s not Fe. In any one
of these embodiments, the HLEP is preferably albumin.

10
In preferred embodiments, the plasma level of the FIX is maintained at a trough of at
least about 1%, preferably at least about 2-5% above baseline for the entire dosing
interval, and more preferably at least about 2, 3, 4, or 5% above baseline for the entire
dosing interval. In other more preferred embodiments the plasma level of the FIX is

1§ maintained between 4 and 15% and more preferably between § and 13% above baseline

for the entire dosing interval.

The invention alsa relates to method of administering Factor IX (FIX) to a subject in
need thereof, comprising administering to the subject a dose of about 50-95 IU/kg of a
20 fusion profein comprising
ay a Factor IX (FIX) portion, and
b) a halt-life enhancing polypeptide (HLEP)
at a dosing interval of about once every 8 te 1 days. In a preferred embodiment, the

dose 15 about 50-75 IU/kg. In this more preferred embodiment, the dose is about 75

o]
A

IW/kg or alternatively, in this preferred embodiment the dose may be 50 [U/kg.
Preferably, the dosing interval is about once every 10 days. In another embodiment,
the dose is administered 3 tirnes per month.

Another embodiment of the invention relates to a method of administering Factor IX
30 (FIX) to a subject in need thereof, comprising administering to the subject a dose of
about S0-93 TU/kg of a fusion protein comprising
a) a Factor IX (FIX) portion, and
b} a half-hife enhancing polypeptide (HLEP)
at about a once every two weeks or longer dosing inferval. In a preferred embodiment,
the dose is 50-75 TU/kg. In another preferred embodiment, the dose is 63-85 IU/kg. In

42
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vet another preferred embodiment, the dose is 60-80 IU/kg. In still another preferred



WO 2015/095925 PCT/AU2014/050388

15

embadiment, the dose is about 70-80 IU/kg. In the most preferred embodiment, the
dose is about 50-75 IW/kg. In this most preferred embodiment, the dose may be abeout
50 TW/kg, or in the most preferred embodiment, the dose is about 75 [U/kg. In any of
these embodiments, the dosing mterval may be about once every 12 to 16 days,

5 preferably about once every 13 o 15 days. more preferably, about onee every 14 days.
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Also encompassed by the invention 1s a method of administering Factor IX (FIX) to a
subject in need thereof, comprising administering to the subject a dose of 90-230 IU/kg
of a fusion protein comprising
ay a Factor IX (FIX} portion, and
5 b) a half-life enhancing polypeptide (HLEP)
at about a once every 3 week or longer dosing interval. In a preferred embodiment, the
dose is abont 90-150 TU/kg. In another preferred embodiment, the dose is about 95-110
IU/kg. In another preferred embodiment, the dose is about 95-108 IU/kg. In the most
preferred embodiment, the dose is abount 100 IU/kg. In any of these embodiments, the
10 dosing interval may be about once every about 19 o 23 days, preferably about once
every 20 to 22 days, more preferably about once every 21 days. Alternatively, the
dosing interval may be about once every month. In a preferred embodiment, the dose 18
abont 140-200 IU/Kg and the dosing 1nterval is about once every month. In a more
preferred embodiment, the dose is about 140-160 IU/kg and the dosing interval is about
15 onceevery month. In a highly preferred embodiment, the dose is about 150 TU/kg and
the dosing interval 1s about once every month. In any of these embodiments, the dosing
interval may be about once every 28 days.
In any of the above embodiments, the plasma level of the FIX is maintained a trough of
at least about 1%, preferably at least about 2-5%., more preferably 2-4% above baseline
20 for the entire dosing interval, and even more preferably af least about 2. 3, 4%, or 5%
above baseline for the entire dosing interval. In other preferred embodiments, the
plasma level of the FIX may also be maintained between 5 and 15% above baseline for
the entire dosing interval. In the most preferred embodiment, the plasma level of the

FIX is maintained a frough of at least 4% above baseline for the entire dosing interval

o]
A

forup to 21 days. For example, using a 100 IU/kg prophylaxis dosing regimen in
hemophilia patients, a FIX activity was shown above baseline at 21 days post-injection
with a preferred fusion protein of the invention (rIX-FP) (see Table 2, Figores § and 9).

For any of the methods of the invention, the half-life enhancing polypeptide (HLEP)
30 may be albumin {FP) or an immunoglobulin without an antigen binding domain (e.g.,
Fc). In a preferred embodiment, the half-life enhancing polypeptide (HLEP) is albumin

(FP}L. In one particular embodiment, the HLEP s not Fe.

In a highly preferred embodiment, the Factor IX {(FIX) portion of the fusion protein is

42
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connected to the half-life enhancing polypeptide (HLEP) via a peptide linker. In

another highly preferred embodiment, the peptide linker is cleavable. In an even more
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preferred enabodiment, the peptide linker is cleavable by proteases involved in
coagulation or activated by coagulation enzynies. Proteases involved in coagulation are
activated once the coagulation cascade is activated which ultimately results in the

generation of fibrin from {ibrinogen.

In the most preferred embodiments of the invention, the linker is cleavable by the
protease that activates the coagulation factor, thereby ensuring that the cleavage of the
linker 13 linked to the activation of the coagulation factor at a site at which coagulation
ocenrs. Other preferred fusion proteins, according to the invention, are those wherein
the linker 18 cleavable by the coagulation factor which is part of the fusion protein ance
it 18 activated, thos also ensuring that cleavage of the fusion protein is connected with a
coagulatory event. Other preferred fusion proteins according fo the invention are those,
wherein the linker s cleavable by a protease, which tself is activated directly or
indirectly by the activity of the coagulation factor which is purt of the fusion protein,
thus also ensuring that cleavage of the fusion protein is connected with a coagulatory

event.

In a preferred embaodiment, the linker is cleavable by FIXa and/or by FVIIa/Tissue
Factor (TE).

In particularly preferred methods of the invention, the linker comprises a sequence
selected from SEQ 1D NO: 2 and 3:

SEQ 1D NOs Z

Fro ¥al Ser Gln Thr Ssr Lwywes Lsu Thr Arg Ala 3lu Thr Val PFhe Pro Asp
Yal
L 5 iy 15

Pro Ser Val Ser Gin Yhr 8

o)
#

©Lys Leuw Thr Avg Ala Glu Thr Val Phe Fre

In an alternative embodiment, the linker is 90% identical to one of SEQ ID NQ: 2 and
SEQ ID NO: 3. In another embodiment, it is 80% identical to one of SEQ ID NO: 2
and SEQ 1D NQ: 3. In still another embodiment, 1t is 709 identical to one of SEQ 1D
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NO: 2 and SEQ 1D NQO: 3. In still another embodiment, it is 60% wdentical to one of
SEQID NO: 2 and SEQ 1D NO: 3. 1n a further embodiment, it is 30% identical to one
of SEQ ID NO: 2 and SEQ ID NO: 3.

5 Preferably, the methods of the invention administer a fusion protein which has the

sequence as set forth in SEQ ID NO: 1 (see Figure 2). Alternatively, the sequence of
the fusion protein has at least 70% identity to the sequence set forth in SEQ 1D NO: 1.
The sequence of the fusion protein may have at least 75% identity (o the sequence set
forth in SEQ ID NO: 1. The sequence of the fusion protein may have at least 80%

1 percent identity to the sequence set forth in SEQ ID NO: 1. The sequence of the fusion
protein may have at least 85% percent identity to the sequence set forth in SEQ 1D NO:
1. The sequence of the fusion protein may have at least 90% percent identity to the
sequence set forth in SEQ 1D NO: 1. The sequence of the fusion protein may have at
least 95% percent identity to the sequence set forth in SEQ I NO: 1. The

15 sequence of the fusion protein may have at least 98% percent identity to the sequence
set forth in SEQ ID NO: 1. The sequence of the fusion protein may have at least 99%

percent identity to the sequence set forth in SEQ ID NO: 1.

For any of the methods of the invention, the plasma level of the FIX is maintained a

20 trough of at least about 1% above baseline for the entire dosing interval. Preferably, the
plasma level of the FIX is maintained at a trough of at least about 1% above baseline
for the entire dosing interval. .

For the methods of the mventioq, the preferred subject is human. Particularly preferred

23 is a human that suffers from hemophilia B.
The methods of the invention may be for treatment involving a prophylactic dosing
regimen. In a particularly preferred method of the invention, the dose is administered
intravenously.

30

For any of the embodiments of the invention, the fusion protein is preferably provided
for administration at a concentration of about 100 to 400 IU/mi, preferably about 100,
200 or 400 IU/mL The {usion protein may also be provided for administration at
concentrations of 600 [U/ml or 1200 HJ/mL
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Detailed description of the invention

“Prophylactic treatment”, as used herein, means administering a Factor IX fusion
protein in multiple doses to a subject over d course of time to increase the level of

Factor IX activity in a subject’s plasma. Preferably, the increased level is sufficient to

%]

decrease the incidence of spontancous bleeding or to prevent bleeding in the event of
an unforeseen injury. Prophylactic treatment decreases or prevents bleeding episodes,
for example. those described under on-demand treatment. Prophylactic treatment may
be [ixed or may be individualized, as discussed under “dosing inferval”, e.g., 1o
compensate for inter-patient variability.
10
“Dosing interval”, as used herein, means the amount of time that elapses between
muliiple doses being administered to a subject. The dosing interval in the methods of
the invention using a chimeric FIX-HLEP, e.g., FIX-FP, may be at least about one and
one-half to cight times longer than the dosing interval required for an equivalent
1§ amount (in IW/kg) of said Factor IX without the HLEP, e.g., albumin {i.c., a
polypeptide consisting of said FIX). The dosing inferval when administering, e.g.. a
Factor IX-HLEP fusion protein of the invention may be at least about one and one-half
times to eight times langer than the dosing interval required for an equivalent amount
of said Factor IX without the HLEP, ¢.g., albumin. The dosing interval may be at least
20 about one and one-half to eight times lenger than the dosing interval required for an
equivalent amount of said Factor IX without, e.g., albumin (or a polypeptide consisting
of said Factor 1X).

“*Median dose”, as used herein, means half of the study subjects used higher than that

o]
A

dose and half of the study subjects nsed lower than that dose. “Mean dose™ means an
average dose (s computed by adding up all the doses and dividing by the total number
of the doses). For a given dose, “about” means the dose indicated plus or minus 1,2, 5,
10, 15 or 20% of that indicated dose. For a dosing interval of about once every 6 to §
days or about once every 7 days, “abont” means plus or minus 12 hours. For a dosing
30 interval of about once every § to 11 days, or about once every 10 days, “about”™ means
plus or minus 18 hours. For a dosing interval of about three times per month, about
onee every two weeks, sbout once every 13 1o 18 days, abonl once every 14 days, or
about twice per month, “about™ means plus or minus | day. For a dosing interval of

about once every 3 weeks or longer, about once every 20 to 22 days, about once every
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“Maintaining the plasma level of FIX at a trough of at least about™ a certain percentage
means, that the FIX biological activity in plasma will not fall below said percentage
level during a certain dosing regimen of a patient in need of FIX, wherein 100% of said
FIX biological activity correspond to 1 U/ml which is the FIX activity concentration in
5 normal human plasima, and wherein the FIX biological activity preferably is
determined using a validated one-stage clotting method as described in the Examples.

The “trough” is the lowest level of said FIX biological activity throughout the dosing
regimen during the treatment of a patient in need of FIX. Due to patient inter-

1 variability, the trough level generally refers to median values, which means that half of
the study subjects had a higher trough level and half of the study subjects had a lower
trough level, see e.g. Figures 7 and 12, Though using the median value is more
common, the frough level from the PK data could also be calculated as a mean value,
which have been determined by adding up the values for all patients and dividing by

1S the number of patients, see e.g. Table §,

“Baseline” means the FIX activity level in a given patient preferentially expressed

in IU/dL or in % of the FIX activity in & healthy person which is defined to be 100

TUAL or 100% . In severe hemophilia B the baseline level of a given patient is very
20 low to zero or almost zero, whereas in mild hemophilia the patient’s baseline may be

higher such as above 19, above 2% or above 3% or above 4% or above 5% of the FIX

activity concentration in a healthy person. When the fusion protein comprising i) a

Factor IX (FIX) portion, and ii) a half-life enhancing polypeptide {HLEP) is

administered according (o the present invention first the FIX activity concentration

o]
A

sharply increases and is the slowly cleared i.e. it is refurning to the individual baseline
level, Especially in severe hemophilia B care has to be taken that the FIX activity
concentration does not fall below a minimal level in order to prevent bleeding. This
minimal level is called the trough level. In a severe hemoplilia B patient when the
baseline 18 practically zero a trough level of 1% above baseline means a FIX activity
30 concentration of about 1% of the FIX activity concentration in a healthy person. In a
mild hemophilia B patient having a baseline level of 3% FIX activity of the FIX
activity concentration in a bealthy person a trough level of 19 above baseline means a
FIX activity concentration of about 4% of the FIX activity concentration in a healthy

persait.

42
LA



WO 2015/095925 PCT/AU2014/050388

17

In the invention, the dosing mterval may be about once every week, about once every 6
to 8 days, about once every 7 days. about once every 8 to 1 days, about once gvery 10
davs, about three times per month, dboul once every two weeks, about once every 13 to
15 days, abouf once every 14 days, about twice per moonth, about once every 3 weeks or
5 longer, about onee every 20 to 22 days, about once every 21 days, or about once every
month. In particular dosing intervals of 1 week, 2 weeks, 3 weeks, and even one month,
are contemplated. The most preferred dosing intervals are one week (7 days), two

weeks (14 days) or three weeks (21 days).

1 The dosing interval may, alternatively, be an individualized interval that is determined
for each subject based on pharmacokinetic data or other information about that subject.
The individualized dose/dosing interval combination may be the same as those for
fixed interval regimens in the preceding paragraphs, or may differ. The reginien may
initially be at a fixed dosing interval, and then it may change to an individoalized

15 dosing interval. The regimen may initially be at a fixed dose (IU/kg) and dosing
interval, and then it may change to an individoalized dosing interval with the fixed
dose. The regimen may also initially be at a fixed dosing interval and dose (IU/kg),
and then it may change to an individualized dose with the same fixed dosing interval.

20 The therapeutic doses that may be used i the methods of the invention are about 253-7§
IU/kg, about 35-75 TU/kg, about 30-50 11/kg, about 35-55 IU/kg, about 35-50 TU/kg,
about 25-50 IU/kg, about 50 IU/kg, about 45 TU/kg, about 35 [U/kg for weekly dosing.
A median/mean dose of about 40 TU/kg has been observed in the on-going stndy, A

dose of 35 TU/kg is contemplated for the weekly dosing regimen. For a dosing

25 schedule of once of every two weeks doses of 50-735 [Ulg, about 50 IU/kg, about 75
TU/kg, about 60-90 IU/kg. about 65-83 TU/kg, about 70-80 HU/kg, about 75 TU/kg are
envisioned. A fixed dose of 75 TU/kg has been observed with excellent efficacy in the
on-going study. Netably, the prior art has not disclosed that a dose as low as 50-75
IU/kg can be used at a dosing interval of two weeks,

30

For a three week dosing interval, the invention contemplates doses of, about 90-250
IU/kg, about 90-150 T kg, about 95-110 TU/kg, about 95-105 I/kg, and about 100
W/kg. For a monthly dosing interval, the invention conteniplates a dose of 140-250

1U/kg. The prior art has not disclosed that a three week or monthly dosing interval can
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Accordingly, preferred therapeutic doses are aboui 35-75 [U/kg, about 35-55 TU/kg,
about 35-50 IU/kg, about 23-30 TU/k g, about 30-60 TU/kg, about 30-50 TL/ kg, about
30-40 IU/kg about 50 1U/kg, about 45 IU/kg, about 35 [U/kg, about 75 IU/kg, about 70-
80 1/ kg, about 75 W/ kg, about 95-110 IU/kg, about 95-103 IU/kg. about 100 IU/kg.

5 and about 140-230 TU/kg. A prophylactic dose(s) should not exceed 250 [U/kg
maonthly.

Preferred doses and dosing intervals are as follows: about 25-75 IU/kg about once
every week, about 35-75 [U/kg about once every week, about 35-55 [U/kg about once
10 every week, about 35-50 TU/kg abowt once every week, about 25-50 IU/kg about once
every week, about 50 IU/kg about once every week, about 45 IU/kg about once every
week, and about 35 TU/kg about once every week. “Abont once every week™ includes

abont once every 6 to § days and about once every 7 days.

1S Other preferred doses and dosing intervals are: about 50-75 TU/kg about once every 8
to 11 days, about 50 IU/kg about once every § to 11 days, and about 75 IU/kg about
once every & to 11 days. “About once every 8 to 11 days” includes about every once

gvery 10 days.

20 Sull other preferred doses and dosing intervals are: about 50-90 IU/kg about once every
two weeks, about 50-75 IU/kg about once every two weeks, about 65-85 IU/kg about
once every two weeks, about 60-80 IU/kg, about 70-80 [Urkg about once every two
weeks, about 50 TU/kg about once every two weeks, and most preferably about 75

IU/kg about once every two weeks. “Abount once every two weeks™ includes about

o]
A

once every 12 to 16 days or about once every 13 to 15 days, preferably about once

every 14 days.

Still other preferred doses and dosing intervals are: about 90-250 IU/kg about once

every 3 weeks or longer, abont 90-130 IU/kg, about 80-120 1/kg, about 95-11) IU/kg
30 about once every 3 weeks or longer, about 95-105 IU/kg about once every 3 weeks or

longer, and about 100 IU/kg about once every 3 weeks or longer. “About once every 3
y 20 to 22

.

weeks or longer” includes about once every 19 to 23 days about once ever

days, preferably about once every 21 days, and about once every month.
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In the invention, it is also contemplated that a once-monthly dose can be administered.
Thus, another preferred dose and dosing interval is about 140-250 1U/kg about once

every month.

5 A dose of 25-40 IU/Kkg will be recommended for the one week (7 day) dosing regimen
and is most preferred for the one week regimen. A dose of 50-75 1U/kg will be
recommended for the two weeks (14 day) dosing regimen and is most preferred for the
fwo-week reginien. A dose of 100 IU/kg is most preferred for the three-week (21 day)
dosing regiimen.

10
Surprisingly, the preferred fusion protein of the invention (1IX-FP) has so far been the
only product dosed 30 IU/kg once every 7 days or longer that maintains a trough of 3%
or higher in all patients, including children. Moreover, a 21-day prophylaxis regimen
showed a FIX activity of at least 4% at day 21-post 100 1U/kg rIX-FP injection. The
1S results are summarized in the Table 8. It has previously not been possible to achieve

such high FIX levels for such a prolonged period of time with prior art FIX products,

Encompassed in this invention is an embodiment, where the median plasma level of

FIX activity maintains a trough of at least about 5% above baseline for the entire
20 dosing interval of 7 days after administration of a 25IU/kg vIX-FP dose. In another
embodiments the median plasma level of FIX activity mainiains a trough of at least
about 3% above baseline for the dosing interval of 10 days after application of a
50TU/kg rIX-FP dose. In still another embodiment, the median plasma level of FIX
aclivity maintains a trough of at least about 5% above baseline for the dosing interval
of 14 days after application of a 75 IU/kg rIX-FP dose.

o]
A

Also encompassed in this invention is an embodiment, where a 25 IU/kg rIX-FP dose is
applied every 7 days, a median plasma level of FIX activity of at least about 7% abaove
baseline 1s maintained for the entire dosing interval of one week. In another

30  embodiment. where a 50 IU/kg rIX-FP dose is applied every 10 days, the median
plasma level of FIX activity maintains a trongh of at least about 9% above baseline for
the entive dosing interval. In another embodiment, where a 50 TU/kg rIX-FP dose i3
applied every 14 days, the median plasma level of FIX activity maintains a trongh of at

least about 4 % above baseline for the entire dosing interval, In another embodiment,
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where a 75 IU/kg rIX-FI* dose is applied every 14 days, the median plasma level of FIX

activity maintains trough of at least about 7 % above baseline for the entire dosing
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inlerval (see e.g. Table 9h). In another embodiment, where a 50 IU/kg rIX-FP dose is
applied every 14 days, the median plasma level of FEX activity maintains a trough of at
least about 4 9% above bascline for the entire dosing interval. In another embodiment,
where a 75 IUfkg fIX-FP dose is applied every 14 days, the median plasma level of FIX
5 activity maintains trough of at least about 7 % above baseling for the entive dosing

interval. In another embodiment, where a 75 [U/kg rIX-FP dose is applied every 21
days, the median plasma level of FIX activity maintains trough of at least about 2 %
above baseline for the entire dosing interval {sec ¢.g. Table 9b). In another
embaodiment, where a 100 [U/kg rIX-FP dose is applied every 21 days. the median

10 plasma level of FIX activity maintains trough of at least about 4 % above baseline for

the entire dosing interval.

Alternatively. in these embodiments, the plasma level of FIX activity could be
calculated as a mean (see e.g. Table 8).

In particular, the present invention provides prophvlactic dosing regimens for 4 fusion
protein comprising FIX and the HLEP albumin, wherein the Factor IX (FIX) portion s
connected to the half-life enhancing polypeptide (HLEP) via a cleavable peptide linker.
The dosing interval can be 1 weck or longer, such as 10 days or longer but even longer
20 periods of prophylactic dosing can be achieved than previously envisioned, such as two

weeks, three weeks oreven monthly.

rIX-FP fusion proteins with no linker or an non-cleavable linker allow an increased

half-life of FIX due to the presence of albumin. However, since activated FIX is still

o]
A

fused to albumin, it has the disadvantage of having a reduced activity. In addition,
becuuse the activated FIX is still fused to albumin, it continues to have a long half-life
even after the bleeding event is resolved. rEX-FP fusion protéins with a linker which
allows cleavage before activation of FIX, show an increased hall-life of FIX due to
albumin but since cleavage occurs before the bleeding event, the half-life of activated
30 FIX is reduced before activation. If on the other hand, the cleavage occurs after
activation of FIX, the albumin increases the half-life of FIX but the activated FIX is

still fused to albomin, so it has low activity.

The invention preferably relates to a fusion protein comprising FIX and albumin where
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the cleavable linker is cleavable by a protease tvolved in coagulation. Proteolytic

cleavage 1 g coagulation-related mode, in the sense of the invention, is any proteolytic
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cleavage that occurs as a consequence of the activation of at least one coagulation
factor or coagulation cofactor. The coagulation factor is activated almost in parallel to
the proteolytic cleavage of the linker peptide (see Figute 1). Activation may oceur, for

example by proteolyvtic cleavage of the coagulation factor or by binding to a colactor.

%]

The albumin increases the half-life of FIX in the blood uaiil 4 bleeding event occurs,
the bleeding event simultancously activates FIX and cleaves it from albumin. The
cleavage liberates the polypeptide from any activity-compromising steric hindrance
caused by the HLEP and thereby allows the generation of Tusion proteins, which retain
a high molar specific activity of the FIX. The cleaved FIX is then rapidly cleared from
10 the blood due to the loss of albumin. Such fusion proteins exhibit improved half-life
and molar specific activities that are mcrcased in comparison to their non-cleavable
counterparts. Thus, less tIX-FP 18 needed to provide a therapeutic effect compared to

non-cleavable fusion proteins comprising rIX.

1§ Preferred fusion proteins according to the invention are those that have a molar specific
gctivity, in particular a molar specific coagulation-related activity of the therapeutic
fusion protein that 1s increased at least 25% compared to that of the therapeutic fusion
protein linked by a non-cleavable linker having the amino acid sequence GGGGGGY
{SEQ ID NQ: 4) in at least one coagulation-related assay. More preferred are fusion

20 proteins in which the molar specific activity is increased by at least 0%, even more
preferred those in which the molar specific activity is increased by at least 100%, in at
{east one of the different coagulation-related assays available.

In a further embodiment, the linker peptide comprises cleavage sites for more than one

o]
A

protease. This can be achieved either by a linker peptide that can be cleaved at the same
position by different proteases or by a linker peptide that provides two or more
different cleavage sites. Thete may be advantageous circumstances where the
therapeutic fusion proiein mast be activaled by proteolytic cleavage to achieve
enzymatic activity and where different proteases may contribute to this activation step.
30 Activation of FIX can either be achieved by FXIa or by FVIa/Tissue Factor (TF). Ina
preferred embodiment, the linker is cleavable by FIXa and/or by FVIIa/Tissue Factor
{(TF).

rIX-FP (tFIX-albumin fusion protein) having the sequence set forth in SEQ 1D NO: 1,
has prolonged circulation in plasma as shown by the 5.3-fold longer half-life (t),2). the
7-fold reduced CL, and the 7-fold greater AUC compared to tFIX {e.g., Benelix®).
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Morcover, when comparing pharmacokinetic parameters of fI1X-FP to the
corresponding pharmacokinetic data of FIX-Fe in the Alprolix ™ FDA prescribing
information, tIX-FP has an about 3.8-fold higher AUCO-inf, an about 3.7-fold reduced
CL/BW, an about 26% higher incremental recovery, an about 3.2-fold lower volume of
distribution, and an increased mean residence time of the drug by about 199, when

compared to r1IX-Fe (ALPROLIX™),

Prophylaxis is the treatment by intravenous injection of factor concentrate in order (o
prevent anticipated bleeding. Prophylaxis was conceived from the observation that
maoderate hemophilia patients with clotting factor level >1 IU/dE (>19) seldom
experience spontaneous bleeding and have much better preservation of joint function.
Therefore, prophylaxis with FIX activity mainiained above 1% to prevent bleeding and
juint destruction shounld be the goal of therapy to preserve normal muscunloskeletal
function (GUIDELINES FOR THE MANAGEMENT OF HEMOPHILIA, 2™ edition,
Prepared by the Treatment Guidelines Working Group, on behalf of the World
Federation of Hemophilia (WFHj}. A single dose of ¥IX-FP 13 capable of maintain FIX
activity above 1% for 14 days and beyond.

As is evident from Table la and 1b below, rtIX-FP also has advantageous PK properties

compared (o the known rFIX-Fc product.

Table 1a: Time dependent FIX activity of a single dose of 38 [U/kg rIX-FP, 50
TU/Kg rFIX-Fe, and 100 1U/Kg rFIX-Fe.

Days BDays Days
when FIX when FIX | when FIX
activity reach | activity activity reach
1% above reach 3% 5% above
baseline above baseline
baseline
50 1U/kg 14 Blood. September 20,
rIX-FP 2012, 120(12): 2405~
2411
50 Wikg 11.2 5.1 N Engl J Med. 2013 Dec
rFIX-Fc 12;369(24):2313-23. doi:
10, 1056/NEJMoal 305074,
Epub 2013 Dec 4.
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Days Days Days
when FIX when FIX | when FIX
activity reach | activity activity reach

1% abave reach 3% 5% above

baseline above baseline
baseline
100 IU%kg | 123 8.53 Blood. Janvary 19, 2012.
rFIX-Fe 119(31:666-672

Table 1b: Time dependent FIX activity of a single dose of 50 TU/kg rIX-FP and 50

TU/kg rFIX-Fc,
Day 7 mean FIX | Day 14 mean
activity EIX activity
SOIL/kg tIX-FP | 13.41 3.54
50 TW/kg rFIX- 2.47 Not tested or no
Fe data reported

The ability of FIX-FP to provide such a high FIX activity level at day 7 and continued
FIX activity at day 14 and beyond was unexpected. As noted above, rIX-FP has
surprisingly so far been the only product dosed 50 IU/kg once every 7 days or longer

that maintains a trough of 3% or higher in all patients, including children.

Moreover. a study with a 100 IU/kg rIX-FP dosing regimen was carried out with five
patients with severe and moderate severe hemophilia B. The FIX activity (TU/dL in %)
wag measured after Oh, 0.5 h, 72 h (3 days), 168 h (7 days), 336 h (14 days), and 504 h
(21days). The prophylaxis regimen showed a FIX activity of al least 4.1% at day 21-
post 100 TU/kg vIX-FP injection. The results are summarized in the Table 8.

The longer half-life and higher specific activity of rIX-FP compared to other known
FIX products surprisingly allows for prophylactic treatment of hemophilia with dosing

iniervals that are significantly longer than suggested by the prior art for 1FIX (e.g.,




WO 2015/095925 PCT/AU2014/050388

24

Benelix®) and tFIX-Fe. Therefore, rIX-FP has an advantage over rFIX-Fc, as I X-FP
has improved PK paranieters compared to rFIX-Fe.

The higher activity of the fusion protein means that less protein is administered, which
5 is less likely to be immunogenic since less host cell proteins are administered, meaning
a lower risk of local reactions at the site of injection. The decreased frequency of
injections redoces the risk of infections. discomfort for patients. and the nomber of
required visits fo a medical professional. These advantages will positively alfect
patient compliance and thus the effectiveness of prophylactic therapy for hemophilia.
10
Due to its advantageous properties, tEX-FP has a lower FIX product consumption, such
as the dosing regimens disclosed herein. In preferred embodiments, the plasma level of
the FIX is maintained at a trough of at least about 0.53%, or at least about 1%, or at least
about 2%, or at least about 3%, at least about 4% or at least about 5% abowve baseline
1S for the entire dosing interval, preferably between 5 and 15% above baseline for the

entire dosing interval.

Human FIX
Human FIX, one member of the group of vitamin K-dependent polvpeptides, is a

20 single-chain glycoprotein with a molecular weight of 57 kDa, which is secreted by liver
cells into the blood stream as an mactive zyniogen of 415 amino acids. I contains 12 -
carboxy-glutamic acid residues localized in the N-terminal Gla-domain of the
polypeptide. The Gla residues require vitamin K for their biosynthesis. Following the

Gla domain there are two epidermal growth factor domains, an activation peptide, and a

o]
A

trypsin-type serine protease domain. Further posttranslational modifications of FIX
encompass hydroxylation (Asp 64), N- (Asn157 and Asnl67}) as well as O-type
glvcosylation (Ser53, Ser6l, ThriS9, Thr169, and Thr172), sulfation (Tyrl155), and
phosphorylation (Ser1358).

30 FIX is converted to its active form, Factor IXa, by proteolysis of the activation peptide
at Argl43-Alald6 and Argl80-Vali8l leading to the formation of two polypeptide
chains, an N-terminal light chain (18 kDa) and a C-terminal heavy chain (28 kDa),
which are held together by one disulfide bridge. Activation cleavage of Factor IX can
be achieved in vitro £.g., by Factor Xa or Factor VIIa/TF. Factor IX is present in
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human plasma in 4 concentration of 5-10 pg/ml. Terminal plasma half-life of Factor IX

in humans was found io be abont 15 to 18 hours (White GC et al. 1997, Recombinant
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Factor IX. Thromb Hacmost. 78: 201-263; Ewenstein BM et al. 2002, Pharmacokinctic
analysis of plasma-derived and recombinant F IX concentrates in previously treated

patients with moderate or severe hemophilia B, Transfusion 42;190-197),

5 Halt-life enhancing polypeptide (HLEP)
Albumin, albumin family members and immunoglobulins and their fragments or
derivatives have been described above as examples of half-life enhancing polypeptides
{HLEPs). The terms “human serum albumin”™ (HSA) and “human albumin®” (HA) are
used interchangeably 1o this application. The terms “albumin”™ and “serum albumin™ are
1 broader, and encompass human serum albumin (and fragments and variants thereof} as
well as albumin from other species {and fragments and variants thereof).

As used herein, “albumin” refers collectively to albumin polypeptide or amino acid
sequence, or an albumin fragment or variant having one or more functional activities

1§ (e.g.. biological activitics) of alburin. In particular, “albumin” refers to human
albumin or fragments thereof, especially the matuare form of human albumin. For
example, albumin can have a sequence or variant thereof, as described in
US2008260735A1, which is herein incorporated by reference in its entirety. The
albumin portion of the albumin fusion proteins may comprise the full length of the HA

20 sequence, or may include one or moere fragments thereof that are capable of stabilizing
or prolonging the therapeutic activity. Such fragments may be of 10 or more amino
acids in length or imay include about 15, 20, 23, 30, 50, or mote contiguous amino acids
from the HA sequence or may include part or all of specific domains of HA.

o]
A

The albumin portion of the albumin fusion proteins of the invention may be a variant of
normal HA, either natural or artificial. The therapeutic polypeptide portion of the
fusion proteins of the invention may also be variants of the corresponding therapentic
polypeptides as described herein. The term “variants” includes insertions, deletions,
and substitutions, either conservative or non-conservative, gither nmatural or artificial,

30 where such changes do not substantially alter the active site, or active domain that
confers the therapeutic activities of the therapeutic polypeptides, as described in

US2008260755A1, which 1s herein incorporate by reference in its entirety,

IgG and IgG-fragments may also be used as HLEPs, as long as the HLEP fragments
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provide a half-life extension of at least 25% as compared to the non-fused coagulation

factor. The therapeutic polypeptide portion may be connected {o the IgG or the IgG
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{ragments via a linker, preferably a cleavable lnker that allows high molar specific
activities of the fusion protein, preferably a cleavable linker which 1s cleavable by
proteases involved in coagulation that allow high molar specific activilics of the fusion
protein at the fime coagulation is activated. WO2004/101740 discloses FIX-Fe fusion
5 profeios, and 18 herein incorporated by reference in its entirety. If these FIX-Fe fusion
proteins would have a cleavable linker, they would be comparable to the fusion

proteins of the invention.

The invention specifically relates to fusion profeins comprising linking a coagulation
10 factar or fragment or variant thercof to the N- or C-terminus of a HLEP or fragment or
variant thercof such that an intervening cleavable peptide linker is introduced between
the therapeutic polypeptide and the HLEP such that the fusion protein formed has an
increased in vive half-life compared to the coagulation factor which has not been linked
to a HLEP and that the fusion protein has an at least 25% higher molar specific activity
1§ compared to the corresponding fusion protein with non-cleavable linker in at least one
of the differcot coagulation-related assays available. Ttis preferable that the 11X is ai

the N-terminus of the HLEP fragment or variant thereof,

“Factor IX™ within the above definition includes polypeptides that have the natural

20 amina acid sequence including any natural polymorphisms. It also inclodes
polypeptides with a slightly modified amino acid sequence, for instunce, a modified N-
terminal or C-terminal end including terminal amino acid deletions or additions, as long
as those polypeptides substantially retain the activity of the respective therapentic

polypeptide. Variants included differ in one or more amino acid residues from the wild

o]
A

type sequence. Examples of such differences may include truncation of the N- and/or
C-terminus by one or more aminoe acid residues (e.g. preferably 1 to 30 amino acid
residues), oraddition of ene or more extra residues at the N- andfor C-terminus, s well
as conservative amino acid substitutions, i.e., substitutions performed within groups of
amine acids with similar characteristics, e.g. (1) small amino acids, (2) acidic amine

30 acids, (3) polar amino acids, (4) basic amino acids, (5) hydrophobic amino acids, and
{6) aromatic amino acids. Examples of such couservative substitutions are shown in the

following table.
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Tabhle 2: Conservative substitutions of amine acids.

(1) | Alanine Glycine

{2) | Aspariic acid Glutamic acid

{3a) | Asparagine Glutamine

{3b) | Serine Threonine

{4) | Arginine Histidine Lysine

{5} | Isoleucine Leucine Methioning Valine
{6) | Phenylalanine Tyrosine Tryptophane

The in vivo half-life of the fusion proteins of the invention, in general determined as
terminal half-life or B-halt-life, is usually at least about 25%, preferably at lgast about
50%, and more preferably more than 100% higher than the in vivo hall-life of the non-
fused polypeptide.

The fusion proteins of the present invention have at least a 25%, preferably at least a
50%, more preferably an at least 100% increased molar specific activily compared to

the corresponding fusion proteins without cleavable linkers.

The molar specilic activity (or molar specific coagulation-related activity as considered
here in particular) in this regard is delined as the activity expressed per mole {or ¢.g.
nmwole) of the therapeutic polypeptide or therapeutic fusion protein of interest.
Calculation of the molar specific activity allows a direct comparison of the activity of
the different constructs which are not affected by the different molecular weights or
optical densities of the polypeptides studied. The molar specific activity may be

calculated as exemplified in Table 3 below for FIX and a FIX-FP tusion profein.
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Table 3: Calculation of molar specific activity as shown for a purified FIX-HSA fusion

protein
Molar optical | Galcutation of molar
Activity/Vol/QD g [ density (ODpgpy | specific activity
Product ODogonm, 12| MW (LIOD ) at 1 moliL) (IU/mat)
datermined for | 75810 (= MW x | ={Activity/Vol/OD g}
FIX 133" 57 000 produst OD\zag. 193/10) | X {ODgsg &t 1 moliL)
37791 (= MW x
Albumin 577 66 300 ODizag, 19/10)
113601 (= sum
of molar optical = ‘
determinhed for | density of FIX [{Activity/Vol/ODygp) x
FREFP product and albumin} | (D, at 1 mol/L)

IYR.G. Di Scipio st al., Biochen. 16:6698-706 (1977)

2y €. Chaudhury et al. 1 Exp. Med, 197(33:315-322 (20033

In order fo determine a molar specific coagnlation-related activity, any assay may be

wsed that determines enzymatic or cofactor activities that are relevant to the coagulation

Process,

Therefore “coagulation-related assays™ in the sense of the invention is any assay which

determines enzymatic or cofactor activities that are of relevance in the coagulation

process or that is able to defermine that either the intrinsic or the extrinsic coagulation

cascade has been activated. The “coagulation-related” assay thus may be direct

coagulation assays like aPTT, PT, or the thrombin generation assays. However, other

assays like, e.g.. chromogenic assays applied for specific coagulation factors are also

. - . . . T .
included, Examples for such assays or corresponding reagents are Pathromtin® SL

« & o~ “ -
(aPTT assay, Dade Behring) or Thromborel™ § (Prothrombin time assay, Dade

Behring) with corresponding coagulation factor deficient plasma (Dade Behring),

Thrombin generation assay kits (Technoclone, Thrombinoscope) using e.g. coagulation
factor deficient plasma. chromogenic assays like Biophen Factor IX (Hyphen BioMed),
Staclot® FVIIa+TF {Roche Diagnostics GmbH). Coatest®™ Factor VITT:C/4

(Chromogenix}, or others.
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For purposes of this 1nveation, an increase 1n any one of the above assays or an
equivalent coagulation-related assay is considered to show an increase in molar specitic
activity. For example, a 25% increase refers to a 25% inerease in any of the above or an

equivalent assay.

%]

To determine whether therapeutic fusion proteins fall within the scope of the present
invention, the standard against which the molar specific activity of these proteins is
compared 15 a construct in which the respective coagulation factor and the respective
HLEP are linked by a non-cleavable linker having the amino acid sequence

10 GGGGGHV (SEQ ID NO: 4),

For FIX, aPTT assays are often used for determination of coagulation activity. Such a

coagulation assay (aPTT assay) is described i example 4 in more detail. However,

other coagulation-related assays or assay principles may be applied to determine molar
1§ specific activity for FIX.

Although it is desirable to have a high in vivo recovery and a long half-life for a non-
activated coagulation factor, it is advantageous to Hmit the half-life of a coagulation
factor after its activation or the activation of its co-factor in order to avoid a

20 prothrembotic risk. Therefore, after the coagulation process has been initiated, the half-
life of the active coagulation factor should again be reduced. This can cither be
achieved by enhancing inactivation in a coagulation-related mode or by elimination of
the coagulation factor.

o]
A

Inactivation according to the present invention means the decrease of activity of the
therapeutic polypeptide which can be caused, for example, by a complex formation of a
coagulation factor and an inhibitor of the corresponding coagulation factor or by further

proteolytic cleavage as known, e.g., in the case of FVII and FV.

30 The inactivation rate of an activated therapeutic fusion protein is defined as the rate the
activity is declining, e.g., by reaction with inhibitors or by proteclytic inactivation, The

inactivation rate nay be measured by following the molar specific activity of the

activated coagulation factor over time in the presence of physiologic amounts of

inhibitors of this coagulation factor,

42
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Alternatively, the inactivation rate may be determined after administration of the
activated product to an animal followed by testing of plasnmia samples at an appropriate

time frame using activity and antigen assays.

%]

When for therapeutic fusion proteins a determination 18 needed whether these proteins
fall within the scope of the present invention, the standard against which the
inactivation rate of these therapeutic proteins is compared to, is a construct in which the
respective coagulation facior and the respective HLEP are joined by a non-cleavable
linker having the amino acid sequence GGGGGGV (SEQ 1D NO: 4).
10
The elimination rate of an activated therapeutic fusion protein is defined as the rate the
polypeptide is eliminated from the cirenlation of humans or antmals. The elinmination
rate may be determined by measuring the pharmacokinetics of the activated.
therapeutic fusion protein after intravenous administration. Using an antigen assay, the
1§ elimination by direct removal from the circulation can be determined. Using an activity

assay in addition, a specific removal and inactivation rate may be determined.

When for therapeutic fusion proteins a determination is needed whether these proteins
fall within the scope of the present invention, the standard against which the

20 elimination rate of these proteins is compared to, 15 a construct in which the respective
coagulation factor and the respective HLEP are joined by the non-cleavable linker
having the amino acid sequence GGGGGGV (SEQ 1D NO: 41,

According to this invention, the therapentic polypeptide moiety 15 coupled to the HLEP

o]
A

moiety by a cleavable peptide linker. The linker should be non-immunogenic and

should be flexible encugh to allow cleavage by proteases.

The cleavable linker preferably comprises a sequence derived from
4} the therapeutic polypeptide to be administered itself if it contains proteolytic
30 cleavage sites that are proteolytically cleaved during activation of the therapeutic
polypeptide,
b} a subsfrate polypeptide of this therapeutic polypeptide, or
¢) a subsirate polypeptide cleaved by a protease which is activated or formed by the

dirget or indirect involvement of the therapeutic polypeptide.

42
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The linker region in a more preferred embodiment comprises a sequence of the
therapeutic polypeptide to be apphied, which should result in & decreased risk of

necantigenic properties of the expressed fusion protein.

%]

In a preferred embodiment, the HLEP is albumin. In this case the linker sequisnce is
either derived from the sequences of the activation regions of FIX, from the cleavage
region of any substrate of FIX like FX or FVH or from the cleavage region of any
substrate polvpeptide that is cleaved by a protease in whose activation FIXa is
involved.

10

In a highly preferred embodiment the linker peptide 1s derived from FIX itself. In
another preferred embodiment the linker peptide is derived from FX or FVIL In another
preferred embodiment the linker sequence comprises two cleavage sequences that can
be ¢leaved by FXla or FVIIQ/TF, two physiologically relevant activators of FIX.

Variants and fragments of the described Hnkers are also encompassed in the present
invention as long as the linker can still be cleaved by the protease or the proteases that
cleave the linkers. The term “variants™ includes insertions, deletions and substitutions,
either conservative or non-conservative.

20
Pharmaceutical Compositions and Modes of Administration
The fusion proteins of the invention can be incorporated fnto pharmaceutical
compositions suitable for administration. Such compositions typically comprise the

protein and a pharmaceutically acceptable carrier. As used herein, “pharmaceutically

o]
A

acceptable carrier” is intended to include any and all solvents, dispersion media,
coatings. antibacterial and antifungal agents, isotonic and absorption delaying agents,
and the like, compatible with pharmaceutical administration. Suitable carriers are
described in the most recent edition of Remington’s Pharmacentical Sciences, a
standard reference text in the field, which is incorporated herein by reference. Preferred
30 examples of such carriers or diluents include, but are not limited to, water, saline,
finger’s solutions, dextrose solution, and 5% human serum albumin. Liposomes and
non-aqueous vehicles such as fixed oils may also be used. The use of such media and
agents for pharmacentically active substances is well known 1n the art. Except insofar

as any conventional media or agent 1s incompatible with the active compound, use

42
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thereof in the compositions is contemplated. Supplementary active compounds cart also

be incorporated into the compositions.
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A pharmaceutical composition of the invention 1s formulated to be compatible with its
intended route of administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutancous, oral (e.g.. inhalation),

transdermal (topical); transmucosal, and rectal admanistration. Solutions or suspensions

%]

used for parcoteral, intradermal, or subcutaneous, application can include the following
components; a sterile diluent such as water for injection. saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodinm bisulfite; chelating agents such as ethylenediaminetetraacetic
10 acid (EDTA); buffers such as acetates, citrates or phiosphates, and agents for the
adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted
with acids or bases: such as hydrochloric acid of sodium hydroxide. The parenteral
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials
made of glass of plastic. Administration as an intravenous injection is the preferred

13 route of administration.

Pharmaceutical compositions suitable for injectable nse include sterile agueous
selutions (where water soluble) or dispersions and sterile powders for the
extemporancous preparation of sterile injectable solutions or dispersion. For

20 intravenous administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor EL {BASF, Parsippany, N.J.) or phosphate buffered saline (PBS). In
all cases, the composition must be sterile and should be fluid to the extent that easy
syringe ability exists. It must be stable under the conditions of manufacture and storage

and must be preserved against the confaminating action of microorganists such as

o]
A

bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for
gxamples, water, ethanol. polyol (for example, glycerol, propylene glycol, and liguid
pelyethvlene glycol, and the like), and suitable mixtures thercof. The proper fluidity
can be maintained, for example, by the nse of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of
30 surfactants. Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example. parabens, chlorobutanocl. phenol,
ascorbic acid. thimerosal, and the Hke. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium

chloride in the composition, Prolonged absorption of the injectable compositions can be
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brought about by including in the composition an agent which delays absorption, for

example, alominom monostearate and gelatin.
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Sterile injectable solutions can be prepared by incorporating the active compound {(e.g.,
rIX-FP) in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active compound inlo a sterile vehicle
5 that contains a basic disperston medinm and the reguired other ingredients from those

enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, methods of preparation are vacuum drying and freeze-drying that yields a
powder of the active ingredient plus any additional desired ingredient from a previously
sterile-fillered solution thereof.

10
The formulations for injection can contain the Factor IX {(FIX) fusion protein (e.g.,
rFIX-FP) in a therapeutically effective amount, which amount may be determined by
the skilled person. In particular, the Factor EX (FIX) fusion protein (e.g., rFIX-FP) may
administered at a concentration of about 100 to 400 IU/ml. For example, the fusion

1§ protein may be provided for administration at a concentration of about 100, 200 or 400
IU/ml. The fusion protein may be provided for administration at highet concentrations
such as 600 IU/ml and 1200 IU/mL

It is especially advantageous to formulate pharmaceutical compositions, such as
20 compositions for injection, in dosage unit form for ease of administration and
uniformity of dosage. Dosage unit forin as used herein refers to physically discrets
units suited as unitary dosages for the subject to be treated; each unit containing a
predetermined quantity of active componnd calenlated to produce the desived

therapeutic effect 1n association with the required pharmaceutical carrier. The

o]
A

specification for the dosage unit forms are dictated by and directly dependent on the
unique characteristics of the active compound and the particular therapeutic effect to be

achieved.

The pharmaceutical compositions can be included in a container, pack, or dispenser

30 together with instructions for administration.
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Diescription of the Fisures

Figure I: Schematic of the advantageous properties of rIX-FP

5 Figure 2: Amino Acid sequence of mature rIX-FP (SEQ 1D NO: 1), FIX is shown in
aa 1-416, the linker sequence is in bold and underlined (aa 416-433) and the albumin

sequence is shown in aa 434-1018.

Figure 3: Schematic diagram of the trial design in Example 1, including time periods,

10 duration and subject flow. PK, pharmacokinetics.

Figure 4: Schematic diagram showing the flow and disposition of patients 1o the trial

of Example 1.

1§ Figure 5: (A) The number of rIX-FP infusions to achicve hemostasis for all treated
bleeds. {B} The time between the start of a bleed to the first infosion of eIX-FP, for all
treated bleeds.

Figure 6. The mean annualized bleeding rate for spontaneous bleeds are shown in (A)

20 and for all bleeds are shown in (B). The annualized bleeding rate for each patient was
calcnlated as the number of bleeds during the time in the treatiment period of the study
in days, divided by 3635.25. The historical bleeding rate for each patient was the
number of bleeds in the 12 month period prior to study entry. PT, prophylaxis

treatment; ODT, on-demand treatment.

o]
A

Figure 7: PK results for 100 IU/kg rIX-FP once every 21 days (stmulated FIX activity

v, tne).

Figure 8: Mean values of 1IX-FP activity over time, following an injection with 100
30 Itl/kg rIX-FP.

Figure 9: Mean valoes of 1IX-FP activity over a time, following an injection with 100
W/kg rIX-FP, or an injection with 50 IU/kg rIX-FP, and mean values of previous FIX
(e.g. Benefix®), following an injection with 50 T/kg FIEX.
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Figure 10: Median or average FIX activity levels (solid line) and the boundaries
characterizing the lowest 5% and the highest 5% of the FIX activity values for dosing
regimens such as 25 IW/kg weekly, 50 IU/kg every 10 days and every 14 days, and 75
Whkg every 14 and every 21 days. The trough levels for the median and for the lowest
and highest 5% are shown in Table 9b.

Figure 11: Flow chart of the study arms 1 and 2 of the phase II/1H study for evaluating

the efficacy, pharmacokinetics and safety of fIX-FP.

Figure 12: PK results for 33.33, 50, and 75 IU/kg fIX-FP once every 7, 10, and 14
days, respectively (simulated FIX activity vs. time), and comparison to PK results for
50, 100, and 100 TU/Kg Alprolix™ once every 7, 10, and 14 days, respectively
(simulated FIX activity vs. time).

Having now described the present invention in detail, the same will be more clearly
understood by reference to the following examples, which are included herewith for
purposes of illustration only and are not intended to be limiting of the invention, All

patents and publications referred to herein are expressly incorporated by reference.
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Examples

Example 1: Phase I/I open-label {rial of safety and efficacy of a novel
recombinant fusion protein linking coagulation factor IX with altbumin (rIX-FP)
5  in hemophilia B Patients

The present trial aimed to evaluate the efficacy of rIX-FP for the prevention of bleeding
episades during once weekly prophylaxis and to assess the hemostatic eflicacy for the
treatment of bleeding, in addition to assessing safety and pharmacokinetics (PK) of

10 rIX-FP.

Patients and Methods

Patients
1§ The criteria for subject selection were based on the draft Guideline on the clinical
investigation of recombinant and hwman plasma-derived factor IX products by the
Committee for medicinal products for human use {European Medicines Agency.
Committee for medicinal products for human use (CHMP), Guideline in the Clinical
Investigation of Recombinant and Human Plasma-Derived Factor 1X Products. 2009,
20 CHMP/BPWP/1445352/2009. Available at:
http:/iwww.ema.europa.cu/docs/en GB/document fibrary/Scientific goideline/2009/09
FWCS00003634.pdf). Patients were previously treated € 150 exposure days to FIX
products) males with hemophilia B (FEX activity < 2%) and aged 12 to 63 years.

Patients with a histoty of neutralizing antibodies (inhibitors) to FIX, a CD4+

lymphocyte count < 200/mm° (if HIV positive) or with a coagulation disorder other

o]
A

than hemophilia B were excluded fron participation. Patients were recruited from 2
sites in 2 countries {Isracl and Bulgaria). All patients {or the patient’s parents or legally
acceplahle representative) provided written informed consent prior to any tial-related
activities. The study was approved by independent ethics committees, and was

30 conducted in accordance with GCP and the Declaration of Helsinki. The trial was
registered at www.clinicaltrials gov under identifier NCT01361126.
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Teiad design
This {rial was a prospective, open-label study to evaluate the safety, pharmaceokinetics
and efficacy of rIX-FP, which is being developed for the prophylaxis and treatment of
bleeding episodes in patients with congenital Factor IX (FIX) deficiency (hemophilia
5 B} The study consisted of a 10 o 14 day evaluation of yIX-FP PK, and an 1l-month

safety and efficacy evaluation period with subjects receiving weekly prophylaxis
treatment, and a 3 to 5 month safety and efficacy evaluation period in subjects
receiving on-demand treatment (see Figure 3}, Subjects receiving weekly prophylactic
treatment were initially treated with 30 + 5 [U/kg. The dose could be adjusted based on

10 bleeding phenotype, physical activity level, and elinical outeome, while maintaining a
7-day treatment interval and individualized trough FIX activity level., All bleeding
events which occurved during the active treatment period of the study were treated with
rIX-FP: bleeding events which occnrred during sereening or during the
pharmacokinetic assessment period could be treated with the subject’s previous product

1§ at the discretion of the investigator. For the on-demand treatment of a bleeding event,
the dose was based upon the subject’s PK profile, WEFH guidelines and local standard
of care, with a minimum dose of 25 1U/kg rIX-FP. All subjects self-administered rIX-
FP treatment for beth routine prophylaxis and the treatinent of bleeding events,

treatments and bleeding events were recorded by subjects in an electronic diary.

20
Trial vbjectives and endpoints
The printary objective of the study was to evaluate the long term safety of intravenous
injections of rIX-FP. Safety was evaluated by the nature and incidence of adverse
events, changes in laboratory values, and the development of inhibitors or non-

25 npeutralizing antibodies against 1TX-FP.

The secondary objectives of the study were to evaluate the PK parameters following a

single IV dose of 25 IUrkg rIX-FP, the clinical response of weekly routine prophylaxis

with tIX-FP with respect to the prevention of bleeding episodes and clinical response of
30 bleeding episodes treated with rIX-FP.

Analytical methods
FIX activity was measured ustng a validated one-stage clotting method. Briefly, the

test samples were mixed with equal amounts of FIX depleted plasma and tested by in
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vitro determination of activated partial thrombeoplastin time (aPTT) using Pathromtin

SL {Siemens Healthcare Diagnostics, Marburg) as activator reagent, tIX-FP activity
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determination was performed using the Behring Coagulation System (BCS). The
results were interpreted using a reference curve, which was prepared from standard
human plasma (SHPL) calibrated by the manufactorer against WHO standard
(International Blood Coagulation Factors ILVIL IX, X, Buman, Plasma) for FIX, and

5 the results are reported in percent of norm ot Internaticnal Units.

Inhibitors were titrated by the Bethesda method according to the Nijruegen
modification, 4 coagulation assay based on in vitro determination of aPTT in human
citrated plasma. A result > 0.6 Bethesda Units (BU) was defined as a positive result.
10
A tiered approach to immunogenicity testing for tIX-FP was employed during the
study. Antibodies to rIX-FP were tested in all patients before rIX-FP exposure and 4
weeks after exposure. A direct binding ELISA assay was employed to detect
antibodies against rIX-FP; if a positive signal was obtained, the plasma sample was re-
1§ tested in a separate direct binding ELISA assay to confirm the specific antibody signal
and to discriminate between antibodies against plasma-derived FIX, recombinant FIX
{BeneFIX) and albumin.

The analyses of FIX activity, FIX antigen, inhibitors and antibodies against rIX-FP

20 were performed in the central laboratory at CSL Behring, Marburg, Germany.

Pharmacokinetic analysis and statistical methods
Following a 4-day washout, blood samples for measurement of FIX activity for PK

analysis were collected prior to dosing rIX-FP and at 30 minutes, 3, 24, 48, 72, 120,

o]
A

168, 240 and 336 hours after infusion. All PK parameters were caleulated using the
actual collection times, according to ISTH recommendations. Patients who received a
FIX product for the treatment of a bleed during the PK sampling period or who did not
have a sufficient number of analyzable PR samples were excluded from the PK
analysis. The PK analysis was perfornied by standard non-compartmental analysis

30 (NCA) using WinNonlin® software (Pharsight). PK parameters included: area under
the curve to the last sample with quantifiable drug concentration {AUCq.(); area under
the curve from the time of dosing extrapolaled to infinity, based on the last observed
FIX concentration {(AUCh.); incremental recovery (IR ysomi) according to the formula
Cromin (TUAALY Dose (TU/kg); terminal half-life (t12); total body clearance, normalized
to body weight (CL).

42
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The safety endpoints were summarized using descriptive statistics, including all

patients exposed to rIX-FP (safety papulation).

Efficacy
The numbers of infusions to achieve hemostasis were tabulated to determine the

%]

efficacy of rIX-FP for the treatment of bleeding events. In addition, the investigators
rated the efficacy of the treatment of bleeding events on a four-point scale, which took
into account both the number of infusions taken by the subject as well as the subject-
reported pain relief after treatment.

10
The efficacy of routine prophylaxis was measuored by the consumption of r1X-FP and
by the number of spontaneons bleeding events that occurred while on prophylaxis,

which is displayed as an annualized bleeding rate.

1S Drug product
rIX-FP is a single chain glycoprotein with a moleccular weight of approximately
125,000 Da, synthesized in CHO cells. The manufacturing and formulation do not
include the addition of excipients from animal or human origin (Metzner HJ, Weimer
T, Kronthaler U, et al. Genetic fusion to albumin improves the pharmacokinetic

20 properties of Factor IX. Thrombosis and Haemostasis 2009; 102: 634-44).
rIX-FP is a highly purified reconibinant fusion protein linking recombinant haman
coagulation FIX with recombinant human albumin by a short, cleavable linker derived
from an endogenous FIX sequence involved in FIX activation. The linker 15 cleaved

from the fusion proiein by the same enzymes, eg. coagulation Factor X1a or Factor

o]
A

V1la/Tissue Factor, which activate FIX during the process of blood coagulation,
renoving the albumin moiety, rIX-FP was supplied as a lyophilized sterile formulation
intended for TV injection in single-use vials of 500 and 1000 IU/vial, and was

reconstituted with 2.5 mL sterile water for injection.

30 Results
Patient Characteristics
Seveniecn study subjects from hemophilia treatment centers in Israel and Bulgaria were
screened and all were enrolled in the study. All subjects were Caucasian and non-

Hispanic, and their ages ranged from 13 to 46 years (mean age 26 years). All 13
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subjects enrolled in Israel received weekly prophylaxis treatnient with tEX-FP for the

duration of the study (range 37 - 48 weeks), and all 4 subjects enrolled in Bulgaria
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received on-demand treatment for bleeding episodes with IX-FP for the duration of the

study (range 15 — 22 weeks). The subject disposition is ountlined i Figure 4.

Al screening, 3 (29%) subjects were hepatitis C positive, aud 1 (6%) subject was
hepatifis B positive and no subject was HIV positive. Almeost half of the subjects
(8/17) reported a musculoskeletal disorder, including hemophilic arthropathy and
chronic synovitis. Five subjects had a previously documented history of Gilbert’s
syadromie, which was evidenced by high bilirubin levels at baseline. Overall, the
prophylaxis subjects were younger than the on-demand subjeets, and 1ncluded three
subjects younger than 1¥ years old. The prophylaxis subjects had fewer chronic
hepatitis infections than the on-demand subjects, and reported less joint damage (Tabl
4.

C
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Table 4. Paticat Demaographics and Medical History
Prophylaxis On Demand
Total
Treatment Treatment
N=13 N=d N=17

Age, years, mean (min-max)

< 18 years, u (%)

Weight, kg, nlean (min-niax)

e

White

Previous Exposure Pays to FIX,
mean {30)

Total Bleeds 12 moiwths prior w
srudy entry, mean (5D
Spontaneous Bleeds 12 months prior

to study entry, mean (SD)

Prioe treatment
Prophylasis, n (%)

On-~dernand, 0.{%)

HIV, n (%)
HBY, n (%)
HCV, (%)

Haenmophilic arthropathy, i (%)

Cilbert's syndrome, 6 (%)

Synovitis, n (%)

2R2(13-42)

3A3Y

64,1 £36.0 - B3.8)

13 (H00.0)

861.9 {353.61)

14.0 (17.97)

9.2 ¢{14.73)

10 (76.9)
3 {23.1)

{)
Q
3(23.0

5 (38.3)
5 {38.3)

3230

33.8¢27 - 40)
0

75.7 (624 - 93.0

4010040

6625 {131.50)

31

L)

27.0¢

2P0 (33H

0
4 (100.0

0
1 (25.0)
2 (3000

4 (100.00
0
0

36,1 (13 - 46)
3(17.6)

656.8 (30.0, 93.0)

17 (100.0)

§15.0 (323.46)

171 (16.63)

13.4 (15.02)

10 (38.8)
7 (41.2)

0
1 (5.9
529.4)

5{29.4)
3294
I(7.6)

Min, minibm; Max, maximowm; n, tmmber of patients; 5D, standard doviation.
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Subjects in the safety population had an estimated mean of 815 exposure days (EDs} to
FIX products prior to study entry {range 413-1450). In the study prophylaxis treatment
group. 3 subjects had been receiving on-demand treatiment prior to study entry, and 10
subjects were receiving prophylaxis treatroent with FIX products (2-3 times per week
5 in 80% of the subjects). Those 3 subjects previously receiving on-demand treatment
reported & much higher mean number of total bleeds in the 12 months prior to study
entry than the prior prophylaxis subjects (43.3 vs. 5.2). Subjects in the on-demand

group in the study had a mean of 27 bleeds 1o the 12 months prior to study eniry.

10 Pharmacokinetics
The pharmacokinetics (PK) of a single dose of 25 TU/kg rIX-FP was assessed at the
beginning of the study in 15 subjects who had not previously recerved rIX-FP. The PK
parameters were comparable to those previously reported from the Phase I study
(Santagostino E, Negrier C, Klamroth R, Tiede A, Pabinger-Fasching I Voigt C, et al.

1§ Safety and pharmacokinetics of a novel recombinant fusion protein linking coagulation
factor IX with albumin (rIX-FP) in hemophilia B patienis. Blaod 2012; 120: 2405-11),
and the mean single-dose pharmacokinetic profile has been previousty published
(Martinowitz U, Lubetsky A. Phase VII, open-label, multicenter, safety, efficacy and
PK study of a recombinant coagulation factor IX albumin fusion protein (rfIX-FP) in

20 subjects with hemophilia B. Thrombasis Research 2013; 13182: §11-814). A dose of
25 IU/kg rIX-FP had a mean incremental recovery of 1.52 TU/L per TU/kg and a mean
half-life of 94.8 hours. The mean baseline-uncorrected FIX activity at 7, 10 and 14
days were 5.6, 3.9 and 2.9 TU/L following a single dose of 25 IU/kg oIX-FP.

Dose
All prophylaxis subjects were intially assigned a weekly prophylaxis dose of 23 o
35 TWU/kg (mean of 30 TU/kg) rTX-FP as preseribed by the protocol. Over the course of

o]
A

the study, the dose was adjusted by the investigator due to physician decision (69.7%).
bleeding (18.2%) or other {12.1%) reasons. The mean dose for weekly prophylaxis
30 was 38,0 IU/kg (range 47.6 - 75 [U/kg) during the last 12 weeks of the study, aim to
prevent not only spontangons bleed, but also trauma-induced bleed with high trough
FIX activity level. The trough levels at these doses were high. with a maean of 36.2%

FIX activity at § days {122 hours) after dosing.
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For on-demand treatment of bleeding episodes, all subjects were initially assigned a
dose of 30 -35 IW/kg (mean of 33 IL/kg) rIX-FP as prescribed by the pratocol, Over
the course of the study, the dose was adjusied by the investigator duc to physician
decision (67.6%), bleeding (21.6%) or other (10.8%) reasons. The mean dose for the
5 treatment of all bleeding episode was 46 TU/kg, with prophylaxis subjects assigned a

higher dose than on-demand subjects {(mean dose 62 [UKkg vs. 28 TU/kg). The on-
demand dose assignments were adjnsted at the same time and to the same dose as the
prophylaxis dose, for subject’s convenience, resulting in higher doses in the
prophylaxis gronp.

10
Safery
rIX-FP was well-tolerated in all subjects. The duration of treatmoent ranged from 239 to
335 days for prophylaxis subjects, and from 105 to 153 days for on-demand subjects,
with subjects receiving prophylaxis participating in the study longer than on-demand

1S subjects {mean 313 days vs 131 days). There were a total of 718 EDs to vIX-FP, with a
mean of 51.5 EDs to rIX-FP in the prophylaxis subjects and 12 EDs to 1TX-FP in on-

demand subjects. Nine prophylaxis subjects achieved at least 30 EDs during the study.

None of the subjects developed inhibitors to FIX or antibodies to rIX-FP following rIX-
20 FP administration. One subject showed transient positive antibodies to plasma-derived
FIX and BeneFIX prior to the first dose of rIX-FP, which resolved by Week 12, at
which time this subject was negative for antibodies to all antigens tested. There were
no hypersensitivity reactions. There were no significant treatment-emergent findings in

any safety-related parameters doring the course of the sindy,

o]
A

A total of 14 {(82.4%) subjects reported 46 treatment-emergent adverse events, none of
which were considered related to rIX-FP by the investigator (Table 5).
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Table 5. Overview of Treatment Emergent Adverse Events

rIX-¥FP, N (%) E

Prophylaxis On Demand Total

Number of subjects 13 4 17
AB Leading to Study Withdrawal 0 ¢ f
Sericus AEs (SAEs) 4] (3 0
Any ABs 13 (100.0) 45 {23001 140 82.4) 46
Severity of AEs

Mikl 13 (100.0) 42 {250y 1 14 {824 43

Muoderats 2154 3 0 2(10.8) 3

Severs 0 0 0

AFEs Related to 1IX-FP ¢ 0 {

N, mumber of subjects with adverse events; E, events; AE, adverse events

wn

All AEs were mild or moderate in severity. There were no serious adverse events
reporied, and there were no withdrawals due to AEs. The most frequent classes of AEs
were musculoskeletal disorders (7 (41.2%) subjects, 17 events) and injuries (7 (41.29%)

subjects, 9 events).

10 Efficacy
Treatmeni of Bleeds. Seven (33.8%) prophylaxis subjects and 4 (100%) on-demand
subjects treated spontancous bleeding episedes. During the study, a total of 85
bleeding episodes were reported which required treatment with rIX-FP, of which
approximately half (34.19%) were spontaneous. Among prophylaxis subjects, all 14
15 spontaneous bleeds which occurred during the prophylaxis treatment period were in
ankle or elbow joints.

Control of bleeding was assessed in all subjects who experienced a bleeding episode
during the study; all bleeding episodes requiring (reatinent were successfully treated
20 with one (95.3%) or two (4.7%) doses of tIX-FP during the stady (Figure 5A). On

demand subjects treated bleeds with a mean dose of 28 I/kg t1X-FP, and 87.3% of
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bleeds (37 of 38) were treated with a single dose of rIX-FP. Prophylaxis subjects
treated bleeds with a mean dose of 62 [U/kg, and 93.6% of bleeds (44 of 47) were
treated with a single dose of rIX-FP. There were 4 bleeds requiring two doses of rIX-
FP to achieve hemostasis. An additional 5 bleeds were treated with a single dose of

5 rIX-FP, followed by the scheduled prophylaxis dose of vIX-FP within 30 hours of the
treatment dose.

The majority of infusions received a rating of excellent or good (96.5%) by the
investigator in response to rIX-FP treatment. There were 3 doses which received a

10 moderate rating; these bleeds all resolved with I or 2 infusions, and the time to the first
rIX-FP treatment was delayed more than 8§ hours after the start of the bleed. While
subjects were encouraged to treat a bleed immediately, 16.4% of bleeds were treated
more than 8 hours after the start of the hemorrhage, and 5.9% more than 16 hours after
the start of the hemorrhage {Figure 5B).

Routine Prophylaxis. All thirteen prophylaxis subjects maintained weekly routine
prophylaxis with rIX-FP throughout the 11 months study. Approximately half of the
prophylaxis subjects (46%, 6 subjects) did not have any spontancous bleeding events
for the duration of the study. Seven prophylaxis subjects reported 14 spontancous

20 bleeds during the prophylaxis poriion of the study and 2 spoutancous bleeds occurred at
the end of the pharmacokinetic period. Four of the seven snbjects reporting
spontancous bleeds hiad a history of hemophilic arthropathy or synovitis in the jeint; the
remaining 3 subjects were all teenagers, two of whom were receiving only on-demand

(reatment prior to study entry.

o]
A

Among the 10 subjects who received prophylaxis with a FIX product prior to study
entry, 3 received pdFIX and § received rFIX on various treatment regimens from once
weekly to 3 times a week. Subjects had a mean weekly consuraption of 87.7 IU/kg of
FIX prior to entering the study, and a mean weekly dose of 538.6 IU/kg of rIX-FP at the
end of the study. Mean weeldy consumption of rIX-FP was 33% less than the mean
30 weekly consumption of the FIX product used prior to study entry,

Annualized Bleeding Rate. Overall, prophylaxis subjects reported lewer spontaneous
bleeding episodes than the subjects receiving on-demand treatment only. On-demand

subjects had a mean of 8.0 spontaneous bleeding episodes during the study, for an

42
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anmualized bleeding rate (ABR) of 21.74 spontanecus bleeds per vear. Prophylaxis

subjects had a mean of 1.1 bleeding episodes during the study, for an annualized rate of
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1.26 spontancous bleeds per year,  The prophylaxis and on-demand subjects had a
similar annualized rate of tranmatic bleeding events per yvear. The mean ABR for total
bleeds (spontancous and traumatic) during the study was 4.35 and 28.8 for prophylaxis

and on-demand subjects, respectively.

In the prophylaxis treatment group, ten subjects received proplivlaxis regimen prior to
study entry. These 10 subjects reported an approximately 50% or 30% higher mean
spontaneous bleeding rate or total bleeding rate, respectively in the 12 months prior lo

study entry than the ABR with weekly prophylaxis of fIX-FP during the study.

In the prophylaxis treatment group, three subjects received on-demand treatment prior
to study entry. These 3 subjects reported a much higher historical mean spontaneous
bleeding rate (31.7) and total bleeding rate €43.3) in the 12 months prior to study entry
than prophyvlaxis subjects who recetved prophylaxis treatment prior to study entry
(Figure 6). After starting weekly prophylaxis with tIX-FP. the mean annualized
spontancous and total bleeding rates were 1.56 and 7.3 per vear, respectively. In this
subset of subjects, a 95% or 83% reduction in mean annualized spontancous or total

bleeding rate when compared to the historical data.

Discussion

Thirteen patients with severe hemophilia B received weekly prophylaxis treatment with
rIX-FP for 11 months, and 9 achieved at least 30 exposure days. In addition, 4 patients
received rIX-FP only when experiencing a bleeding event for a period of 3 to § months.

Albumin fusion technology has been shown to be a very attractive technology to extend
the half-life of coagulation factors, as human albumin is an abundant plasma protein
and does not act as a trigger for the immurne system. In the present stody, there were no
hypersensitivity reactions or development of inhibitors to FIX or antibodies to rfTX-FP

after over 700 repeated exposures to 1IX-FP among 17 study subjects.

rTX-FP was very effective in the treatment of bleeding events, with hemostasis
achieved after a single dose 95% of the time, and all bleeds effectively treated with one
or two doses. This compares favorably to treatment with BeneFIX®, which has been
reported to effectively treat 81% of bleeds with a single dose in a clinical trial in
previously treated patients (BeneFIX® Package Insert. 2011 November Available at:

htip:/Alabeling plizer.com/showlabeling aspx 71d=492). While there was a large range in
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the rIX-FP dose used to treat bleeds, there is no apparent correlation between the dose
of rIX-FP used and the number of treatments needed o achieve hemostasis, All of the
prophylaxis subjects were assigred a high dose of rIX-FP for the treatment of any
bleeding event. The dose chosen was, for patient convenience, as the prophylaxis and
5 treatment doses were the same for every proplivlaxis patient, as decided by the treating
physician. On demand subjects treated bleeds with a mean dose of 28 IW/kg (50% less
rIX-FP than the dose used in prophylaxis subjects) and had a similar success rate. with
97.3% of bleeds 1n on-demand subjects treated with a single dose of tIX-FP.
Prophylaxis subjects treated bleeds with a mean dose of 62 W/kg, and 93.6% of bleeds
10 were treated with a single dose of rIX-FP. The difference in assigned rIX-FP doses far
the treatment of bleeds may be the result of multiple factors, including the prophylaxis
treatment status, the bleeding phenotype of the patient and local standard of care, but

the lower dose of rIX-FP was equally effective for the treatiment of biceding events.

1S All 13 prophylaxis subjects maintained weekly treatment interval for prophylaxis with
rIX-FP for 11 months during the study. There was excellent treatment corapliance,
with the majority of subjects taking their prescribed dose as scheduled. The annunalized
bleeding rate of these subjects on weekly prophylaxis was less than their previous
bleeding ratc when recceiving prophylaxis 1, 2 or 3 times weekly with plasma-derived

20 orrecombinant FIX. During the study. 6 subjecis reported no spontaneous bleeding
episades, 5 of whom had no spontaneous bleeding episodes during the 12 months prior
to the study entry. There were 3 subjects who were not receiving prophylaxis treatment
prior to study entry; these subjects had a 83% reduction in the annualized bleeding rate

conmpared to their reported annualized bleeding rate while on on-demand treatment.

o]
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Remarkably. 1 of these 3 subjects had no spontaneouns bleeding episodes during the
studv. While this is an extremely small sample size, switching from on-demand to
weekly prophylaxis treatment of 11X-FP dramatically reduced the bleeding rate for

these subjects.

30 This proof of concept study demonstrated that a less frequent prophylaxis treatment
regimen is possible and effective with the extended half-life provided by recombinant
fusion protein linking coagulation FIX with albumin (¢IX-FP). In addition, (IX-FP
provided effective on-demand treatiment for patients with this life-long, debilitating

bleeding disarder. The safety profile may make rIX-FP an excellent choice for long-

42
LA

term prophylaxis for hemophilia B patients.
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Example 2: A Phase 3b Open-tabel, Multicenter, Safety and Efficacy Extension
Study of a Recombinant Coagulation Factor ¥X Albumin Fusion Protein IX-FP)
in Subjects with Hemophilia B

5 L STUDY OVERVIEW

A prospective, open-label study to evaluate the long term salety and efficacy of tIX-FP
1s being developed for the prophylaxis treatment of bleeding episodes in subjects with
hemaphilia B. The study will include, but not limited to, study subjects who were

1 enrolled in our prior clinical phase H/HI and phase IH studies. In addition, subjects
requiring majot non-emergency surgery who have not previously completed a CSL-
sponsored rIX-FP lead-in study may be enrolled. At the end of this study, subjects
from the lead-in studies are expected to have accumulated at least 100 rIX-FP
exposure days during enrollment in all CSL-sponsored rIX-FP studies.

This extension study consists of a prophylaxis treatnient period of approximately 3
years during which subjects will administer rIX-FP as routine prophylaxis. During an
initial 6-month period, subjects will recgive prophylactic treatment with (IX-FP
administered using the following treatment intervals:
20 *  Arm 1: Once every 7, 10, or 14 days

¢+ Arm 2: Once every 7 days

¢« Arm ¥ Once every 7 days
After this initial 6-month period, all subjects will receive prophylactic therapy with

rIX-FP adninistered once every 7, 10, 14, or 21 days for an additional approximately

o]
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30 months. Subjects transferring to a 21-day treatment interval must be > 18 years of
age. Anv subject transferring to a 21-day treatment interval for the first time must have
completed at least 6 months of prophylactic treatment with a 14-day treatment interval
and must undergo an initial PK evaluation period with a single rIX-FP dose of 100
IU/Kg. Doring the stody, a subject may undergo additional rIX-FP PK evaluations at
30 the investigator's discretion or CSL's request.

Subjects in Arin 3 who require major non-emergency surgery will undergo an initial
PK evaluation (100 TU/kg rIX-FP) to determine the incremental recovery and FIX
activity. These subjects will then complete the sargery substudy after which they may

42
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start the prophylaxis treatment period.
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Prophylaxis treatment using a 21-day treatment interval will only be available to
subjects > 18 years of age and who have completed at least 6 maonths of prophylaxis
treatment with a 14-day treatment interval. H subjects do niot benefit from a treatment
interval of 21 days, they will be able to transfer to the 7, 10, or 14-day treatment.

5 interval at any time, at the discretion of the investigator.

This study will document all key safety factors including immunogenicity,

thrombogenicity, hypersensitivity, and other AES in the mtended therapeutic

population.
10
Thus. the associated benefit risk assessiient of the study 18 acceptable for subjects
enrolled in the study.
2. STUDY OBJECTIVES AND ENDPOINTS
15

2.1 Primary Objective and Endpoints

2.1.1  Primary Objective
The primary objective of this study is to evaluate the safety of tEX-FP as measured by

20 new cases of inhibitors against FIX in subjects with severe hemophilia B.

2.1.2  Primary Endpoints
The total number of subjects, who develop inhibitors against FIX after approximately 3-

year participation in this extension sindy.

o]
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22 Secondary Objective and Endpeoints

221  Secondary Ohjectives
The secondary objectives of the study are:
30« Toevaluate the efficacy of r1X-FP routine prophylaxis when administered at various
treatment intervals.
*  To compare the eflicacy of rIX-FP routine prophylaxis between 2 different
treatrment

intervals and versos on-demand freatment.

j%]
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To further evaluate the safety of yIX-FP.
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222 Secondary Endpoints

«  Annualized bleed rate (ABR) by treatment interval for spontaneous treated and fotal
treated bleeds.

*  For subjects from a lead-in phase I/IL study Arm 2, comparison of the ABR of

5 spontancous treated bleeds between routine prophylaxis freatment 1aterval of 14
days in this extension study and:
¢ On-demand only treatment during the lead-in study.
*  Prior routine prophylaxis treatmient with a treatment interval of 7 days during the
lead-in study and this extension study.
10« Consumption of tIX-FP during routine prophylaxis expressed as IU/kg per month

per subject.

toe

Exploratory Objectives and Endpoints

15 231  Expleratory Objectives
Other, exploratory objectives of the study include:
* To further evaluate the efficacy of rIX-FP when used for routine prophylaxis at
various treatment intervals over a period of up fo 3 years.
*  Toevaluate the PK profiles of rIX-FP at a dose of 100 1U/kg.
20+ To describe the QoL of pediatric subjects from lead -in phase 11 study after 1 year

of follow-up.

3. STUDY DESIGN

/31 Study Design and Rationale

This multicenter, open-label. phase 3b study will investigate the long-term safety and
efficacy of rIX-FP for the routine prophylaxis and on-demand treatment of bleeding
episodes in subjects with hemophilia B. Subjects will be eligible to enter the study if
30 they have completed the phase THIIT or phase TH studies, or any other CSL-
sponsored rIX-FP study and meet all other eligibility criteria. In addition, subjects
who have not previously completed a CSL-sponsored rIX-FP lead-in study may be
eligible to enter the study if they require major non-emergency surgery and meet all

other eligihility criteria.
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3. L1  Routine Prophylaxis: First 6 Months

Arm 1: Subjects trom all lead-in studies

During the first 6 months, subjects in Arm 1 will administer tEX-FP as routine

prophylaxis either using the same freatment miferval as in the lead-in stndy orusing a
5 differcat treatment interval of 7, 10, or 14 days, as determined by the investigator. The

dose (35 to 75 TW/kg) of rIX-FP administered will be based on the subject's previnus

response to rIX-FP therapy and / or FIX trough activity (see Section 4.1. 1) and dose

guidelines in Section 3.2.1.3.

10 Arm?2
Subjects from a lead-in phase I study Arm 2 who have > 26 weeks experience with
rIX-FP prophylaxis therapy with a 7-day treatment interval
During the first 6 months, subjects in this group will administer yIX-FP (75 TU/kg) as
routine prophylaxis using a treatment interval of 14 days.

Upon completion of the surgery substudy, subjects in Arm 3 may begin the prophylaxis
treatment period in the main study. During the first 6 months, subjects will administer
rIX-FP as prophylaxis using a treatment interval of 7 days. The dose (35 to 50 1U/kg)

20 of rIX-FP administered will be based on the subject’s FIX frough activity (see Section
4.1.1).

3.1.2  Routine Prophylaxis: ¢ to 36 Months
After completion of the initial 6-month treatment period, all subjects (e, Armis 1, 2

o]
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and 3) will administer rIX-FP as routine prophylaxis using a treatment interval of 7, 10,
or 14 days for the remainder of the study. Subjects from lead-in phase II/II study Arm
2, who were using a 7-day treatiment interval during the previous 6 months, will switch

to a 1d-day treatment interval for at least 6 months.

30 From 6 to 36 months of the study, subjects may use the same treatment interval or they
may change treatment inferval in consultation with the investigator at any of the
subsequent 6-month follow-up visits (see Section 3.2.1.2}. The dose of rIX-FP

administered will be between 35 and 75 1U/kg (see Section 4.1.1).
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Subjects > 18 years of age may also administer tIX-FP as routine prophylaxis using a
21-day treatment interval at a dose of 100 FU/kg. Subjects < 18 years of age are not

permiited to use a treatmient interval of 21 days.

5 Subjects who transfer to a 21-day treatment interval for the first time must have
completed at least 6 months of prophylaxis treatment with a 14-day treatment interval
and have undergone PK evaluation with 100 T/kg oIX-FP (see Section 3.1.3).

3.1.3  Pharmacokinetic Evaluation of rTX-FP (1080 TU/kg)

10 Subjects must undergoe a PK evaluation with a single injection of rIX-FP (100 IU/kg) if
either 1) they are in Arm 3 or 2) they intend to begin administering rIX-FP as routine
prophylaxis using a 21-day treatment interval for the first time. The PK evaluation
should be performed after a washout period of either at least 4 days for a current
marketed FIX product (Arm 3) or at least 14 days for rIX-FP. Samples for PK

15 evalvation will be collected belore administration of rIX-FP, 30 minutes after the
conmpletion of the injection {to evaluate peak FIX activity level and incremental

recovery) and at specified timepoints after injection.

The investigator may also choose to complete a PK assessmeint of 50, 73 or 100 IU/kg

20 (as appropriate) tIX-FP with selected titmepoints before starting surgical prophylaxis
with tIX-FP (for subjects from lead-in studies), at the investigator’s discretion or CSL's
request, or in the event of (but not limited to) poor efficacy or suspicion of inhibitor
development.

2/ 32 Dose and Dosing Regimen

3.2.1  Routine Prophylaxis Treatment

3.2 L1 vIX-FP Treatment interval

During the first 6 months of the study, subjects or their caregivers will administer rIX-
30 FP as routine prophylaxis using the following treatment intervals:

«  Arm 1: 7. 10, or 14 days.

= Arm 2: 7 or 14 days.

*  Arm 307 days.
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For subjects in Arm 1, the treatment interval will be chosen by the investigator at the
beginning of the study based on the subject's previous experience (L.e., during the lead-in

study) and subject preference.

e} For subjects in Arm 2, the treatment interval will be based on the duration of their
prophylaxis treatmient in the lead-in study; a 14-day treatinent interval will be assigned
to subjects who completed at least 26 weeks of prophylaxis treatment during the lead-in
study and a 7-day treatnient fnterval will be assigned to subjects who did not coruplele
at least 26 weeks of prophylaxis treatment during the lead-in study. Subjects in Arm 2

10 who start on a 7-day treatment interval and complete a total (i.e.. during the lead-in
study and this study) of at least 26 weeks of prophylaxis treatment, should then switch to

a l4-day treatment interval for a period of at least 6 months.

Upon conpletion of the surgery substudy, subjects in Arm 3 may begin the prophylaxis

1S treatment period in the main study. During the first 6 months, subjects in this group will
administer vIX-FP as routine prophylaxis using a treatment interval of 7 days. The
dose (35 to 50 TW/kg) of rIX-FP administered will be based on the subject’s FIX trough
activity (see Section 4.1.1), At the end of the initial 6 month period, subjects may remain
using their current treatment or they may be switched to a 7. 10, or 14-day treatment

20 interval. Subjects > 18 years of age may also be switched to a 21-day treatment interval
after completing at least 6 months of a [4-day prophylaxis regimen and a 100 TU/kg
rIX-FP PK evaluation period (see Section 3.1.3).

3.2.1.2 Changing the rlX-FP Treatnent Interval
During each 6 months of the treatment period, the treatment interval showdd not be
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changed unless deemed necessary by the investigator for the subject’s safety. At the end

of each 6-month peried (i.e., at the 6 month, 12 month, 18 month, 24 month, and 30

mounth follow-up visits) the Investigator may choose to change the treatment interval

based vn the their assessment of efficacy / safety, subject treatment compliance, and /
30 or subject preference.
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3.2.1.3 rIX-FP Dose
The dose of 1IX-FP administered for routing prophylaxis will be based on the subject’s
previous experience (i.e., during a lead-in study) and / or the targeted FIX activity
trough level (target FIX activity level > 2%, but optimally, between 5 and 15%).
5 The maximum dose of vIX-FP for ronting prophylaxis will be 30 TU/kg per injection for

subjects using a 7-day treatment interval and 75 1U/kg per injection for subjects using a
10 or 14-day treatment interval (Table 6). unless a higher dose for a given subject is
appraved by CSL. The dose of rTX-FP will be 100 [U/kg per injection for subjects
using a 21-day treatment interval (Table 6}. For all treatment intervals, the total dose of

10 rIX-FP administered for routine prophylaxis over a 28-day period 15 not to exceed 250
IW/kg, without approval from CSL.

Table & — Dose Guidelines for Prophylaxis Treatment

Freatment Interval
7 days 10 davs' 14 days 21 days
Suggested 2510 50 5075 75 100
dose {IU/kg)
Maximum 50° 5] 75 100
dose {IU/kg)

1. The 10«day treatment interval may be based on a schedule of oace every G calendar

13 days or 3 times a month {i.e., 1%, 11" and 21" day of each month).
2. An rIX-FP dose higher than 50 IUfkg is deceptable if the FIX activity trough level 15 <
5% at Day 7 and a higher wough level is necessary to prevent spontaneous bleeding.
4. DOSING AND ADMINISTRATION
20

4.1 Dosing and Administration

The investigator {or delegate) will administer or dispense rIX-FP only to subjects
included in this study or their caregivers following the proceduares set out in this study

25 protocol. Subjects or their caregivers or qualified stody personnel will administer the
rlX-FP as a bolus IV injection.

When making the dose caleulation, the total actual units (.., as per the prescribed

dose) may be rounded up or down to target full vials (as actual 1L, if possible, but the
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{inal dose needs to be within 10% of the prescribed dose. The dose of rIX-FP is based

on the subject’s most current body weight as recorded in the ¢CRF.

4.1.1  Adjusiment of Dose for Prophylaxis Treatment

The dose of ¥1IX-FP required for prophylaxis will be based on the subject’s previous
experience and / or the target FIX activity.  The following formula will be used to
calculate dose based on FIX activity required at peak

Desired
Nuniber of Body factor IX Reciprocal of
factor IX U = weight X increase X observed recovery
required (1L} ikg) {% or IU/dL) {IU/kg per [U/L)

The target trough FIX activity for routine prophylaxis is greater than 2%, but optimally,
between 5 and 15% above baseline.

s, Pharmacokinetic and Pharmacodynamics

5.1 Pharmacokinetic Analyses
5.1, Trough factor 1X activity level
During the study, blood sarnples will be taken for the assessment of trough FIX activity

fevel at each major bleeding episode (if feasible) and the specified follow-up visits.

512  Pharmacokinetic Evaluation of vIX-FP

In addition, subjects beginning routine prophylaxis treatiment using a treatment interval
of

21 days for the first time and subjects in Arm 3, will undergo a PK evaluation with a
single injection of rIX-FP (100 IU/kg). For this PK evaluation, blood samples will be
taken for the measurement of the FIX activity level at the following time points
(required or optional) after injection:

* 30+ 5 minutes

» 72424 howrs (1.e., 3+ 1 days}

* 168 + 24 hours {i.e., 7+ | days)

« 336+ 24 hours (i.e., 14 + 1 days)

* 504 + 24 hours {L.e., 21 + 1 days)
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I during the PK assessment period, a subject experiences a bleeding episode, oo further
blood samples will be taken as part of PK assessment, regardless of whether the

bleeding episode is treated or not. The PK may or may not need to be repeated.

5 A PK evaluation of 30, 75, or 100 IWWkeg «1X-FP (with selected time point{s]) may also
be assessed at the investigator's discretion or CSL'S request, in the event of (but not

limited o) poor efficacy. suspicion of inhibiter development, or before major surgery.

The incremental recovery and FIX activities will be reported. Additional PK parameters
10 (e.g.. AUC, t1n) may be caleulated, if deemed appropriate.

EXAMPLE 3: A Phase 3b Study of a Recombinant Coagulation Factor IX
Albumin Fusion Protein (fIX-FP) in Subjects with Hemophilia B with a 21-day

Dosing Interval

Subjects > I8 years of age may administer rIX-FP as routine prophylaxis using a 21-
day treatment inferval at a dose to 100 IU/kg. Initially, they must undergo a PK
evaluation pertod with a single injection of rIX-FP {100 H/kg) after a rIX-FP washout
period of at least 14 days.
20

In order to participate in the 21-day treatmnent regimen, the following criteria must be
met:

1. Subjects at least 18 years of age.

2. Completed at least 6 months of youtine prophylaxis with rIX-FP on a 14-day
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treatment interval regimen in a phase T or phase I study.
3. Complete a 21-day pharmacokinetic evaluation of 100 TU/kg 1IX-FP.

Additionally, the investigator should assess the following prior to changing the interval
treatment:
30 1. The efficacy and safety
2. Subject treatment comphliance

3. Subject preference

Therefore, a subject who is eligible for the 21-day treatment regimen will have been on

42
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routine prophylaxis for at least a year (7-day treatment interval for at least 6 months in

a lead-in study, and 14-day treatment interval in a lead-in study or the 3001 study). A
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PK of 100 IU/kg rIX-FP will be completed before a subject will be able to switchto a
longer treatnient interval, allowing evaluation of the subject’s trough level at 21 days
prior to starting prophylaxis at that dose.

Prophylaxis was conceived from the observation that moderate hemophilia patieats
with clotting factor level »1 TU/I (>1%) seldom experience spontancous bleeding and
have much better preservation of joint function. Therefore. prophylaxis regimen to
maintain FIX actvity level above 1% is reviewed as a surrogate efflicacy assessment of
FIX replacement therapy. A PK modeling based on the PK data from the two
completed rIX-FP clinical studies indicate that 68% of study subjects may have 2%
FIX activity above baseline, 95% of subjects may have 19 FIX activity above baseline
at Day 21 post administration of 100 IU/kg rIX-FP, see also Figure 7.

Table 7: Predicted PK values for Different rEX-FP Deosing Regimens

“\§

s
&\\X&f
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Cmax/min= maxinm er mininwim FIX activity level.

In agreement with the PK modeling, in one of the completed Phase HAH study, two
study subjects had participated 50 H/kg of tIX-FP PK assessment beyond Day 14: one
subject had FIX activity level of 2.1% above baseline (FIX activity prior to rIX-FP) at
Day 19, another subject had FIX activity level of 1.7% above bascline at Day 21 post
50 I/kg rIX-FP ingection,

It is desirable that the majority of patients with hemophilia will have the trough level
above 1% at Day 21-post 100 1U/kg t1X-EP injection and may be candidate for the 21

day prophylaxis regimen. Nevertheless, optimal treatment regimen must incorporate
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clinical outcome (such as the clinical response, subject’s physical activity, bleeding

frequency. joint status, quality of life or desired to have higher trough) which may be

the important decigion factors when choose the treatment interval.

A study with a 100 TUM%g rIX-FP dosing regimen was catried out with about with five

patients having hemophilia. The FIX activity (JU/L in %) was measured after O h, 0,3
h. 72 h (3 days). 168 h (7 days). 336 h (14 days), and 504 h {21days). The prophylaxis
regimen shows a FIX activity of at least 4.1% at day 21-post 100 IU/kg rIX-FP

injection. The results are summarized in the Table § below.

Table 8: FIX activity (IUAL in % ) for 100 TU/kg rIX-FP Dosing Regimen.

Oh 05h 72h 168 h 336 h S04 h

(3 davs) | (7 days) (14 days) | (21 days}
Patient 1 | 10.8 102.9 58,1 33,9 14.3 52
Patient 2 | 12 105.5 47.9 333 14,2 4.9
Patient 3 | 2.7 117 50 278 7.4 4,1
Patient4 | 3.0 120,2 52,9 26,3
Patient5 | 0 108.8 47,7
Mean 5.82 110,88 51.32 30,35 1196667 | 4,733333
SD 4,72288 6.652338 | 3.87319 3237669 | 3.229379 | 0.46428
N 5 5 3 4 3 3

Mean = mean value based on measured values and the number of participants, SD = standard

deviation, N = number of patients.

A plot of the FIX activity values (IU/dL in %) over time is shown in Figure §. A

comparison of these values with corresponding valucs when applying 50 IU/AKg vIX-FP

dosing regimen and when applying 50 1U/kg rFIX(BeneFIX™) is shown in Figure 9.

This Phase 3b study aims to evaluate the long-term safely and efficacy of oIX-FP for

routine prophylaxis in subjects who participated in two Phase I registration studics, or

any other CSL-sponsored rIX-FP lead-in study. At the end of the study, subjects are

expected to have accumulated at least 100 FIX-FP exposure days (EDs) during

enrollment in all CSL-sponsored rIX-FP studies. We intend to allow more flexible

prophylaxis regimens that include the regimens patients and their physicians may

chaose.
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EXAMPLE 4: Population PK medeling

Based on PK data from previous clinical trials, a population pharmacokinetic analysis
of recombinant factor IX albumin fusion protein o subjects with Hemophilia B was
conducted 1n order to characterize the population PK in subjects with hemophilia B, to
identify variability and potential determminants (demographic and clinical covariates) of
PK variability, and to simulate single and steady-state FIX activity-time profiles for

various dosing scenarios.

Simulations were carried out in order to determine for how long FIX activity maintains
at a trough level above 1%, 3% and 3% after a single dose of 25 TU/kg, 50 IU/kg, or 75

TU/kg,. The resolts ave summarized in Table 9a.

Table 9a: Simulated Durations that Exogenous FIX Activity is maintained above
1,3 and 5%.

Simulated Single Duration above Buration above Duaration above
IV Dose 1% 3% 5%

25 Wik 16 days 10 days 7 days

50 IWikg 21 days 15.5 dayvs 12 days

75 JU/kg 27 days 19.5 days 16 days

Simulated steady-state trough exogenous FIX activity levels are summarized for a
number of dosing tegimens in Table 9b.

Table 9b: Summary of the Simulated Trough Exogenous FIX Activity.

Median (95% Prediction Interval}

Simulation {JU/dL)

251Uk g weekly 7.4 Q.0-19.8)
S0IU/ kg every 10 days 9.3(2.2-263)
SOIU/Kg every 14 days 4.5{0.7-152)
751U/ g every 14 days 7.9(1.5-25.2)
7511 kg every 21 days 2703 -12.0)

The term niedian refers to the middie value, calculated on all data. The values in the parenthesis are the

3% and 95% bounds.
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Table 9¢: Dosage Guidelines.

Treatment Interval

7 days 10 days' 14 days 21 days
Suggested 25 to 40 50to 75 S0to 75 100
dose (1U/kg)
Maximum 40° 75 75 100
dose (IU/kg)

1. The 10-day treatment interval may be based on a schedule of once every 1 calendar

days or 3 times a manth {Le., 1%, 11" and 217 day of each month).

33

An 1 TX-EFP dose higher than 40 TUAg is acceptable it the TTX activity trough level is <

5 3% at Day 7 and a higher rough level (s necessary to prevent spontanecus bleading,

EXAMPLE 5: FIX activity level observed in a Phase IJTH clinical study of &
Recombinant Coagulation Factor IX Albumin Fusion Protein (fIX-FP) in Sabjects
with Hemeophilia B
10
This Phase IFII stody was an open-label study to evaluate the efficacy,
pharmacokinetics and safety of rIX-FP, which was developed for the prophylaxis (arm
1 of the study) and treatment of bleeding episodes (arm 2 of the study) in patients with
congenital Factor IX (FIX) deficiency (hemophilia B). The study consisted of a
15 sereening period of less than one month, a 14 day pharmacokinetic (PK) evalaation
petiad, followed by approximately a I4-month safety and efficacy evaluation period
with rIX-FP.

The [nll PK of rIX-FP was evaluated at the beginning of the study. In addition, at the

20 begimning of the study, the pharmacokinetics (PK) of the previous FIX product
(plasma-~derived or recombinant) was evaluated in a subset of subjects. A flow chart of
the study including both study arms, the prophylaxis and the on-demand arms, is shown
in Figure 11,

25 Prophylaxis subjects {Arm 1)

Approximately 40 subjects began a 14-month treatment period of prophylaxis, which
consisted of two halves, and subjects received one or two treatment regimens of rIX-
FP. Subjects were initially treated with a prophylactic dose of rIX-FP of 35-50 IU/kg,

and the dose was adjusied up o a maximum of 75 1U/kg, as specified in the protocol,
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with a target of maintaining the trongh FIX activity level above 1% between doses.

The treatment interval of 7 days was maintained during the first segment (26-30 weeks)

of the study. Durning the second half of the study, a fraction of the subjects switched to

a prophylactic therapy regimsen with a treatinent wnderval of 10 or 14 days for at Jeast 30
5 weeks at a dose of 75 TU/kg of 1IX-FP.

The results of the phase I/phase 11 study indicated an excellent safety profile for rIX-
FP. No suobject developed FEX inhibitor, rIX-FP antibodies or CHO host cell protein
antibodies.  Adverse reactions were reported in only 7.9% of the subjects, and
1 anaphylaxis was not observed. In conclusion, fIX-FP is effective for control and

prevention of bleeding episodes, routine prophylaxis and perioperative prophvlaxis.

By using the rIX-FP of the current invention, the FIX consumption per month is
reduced when compared the monthly doses of previous FIX ¢BeneFIX®), sce Table 10.
1S When applying the 10 or the 14-day dosing interval of 50 TU/kg IX-FP, the monthly
consumption was even further reduced, which indicates a high stability of the t1X-FP of

this invention.

Table 10: Monthly consumption of rIX-FP with a treatment interval of 7, 10 or
20 14 days with the doses of rIX-FP, as displayed in Tables &, 9, and 10. Comparison

¢l of previous FIX (BeneFIX®),
| | s FIX

1 | W e e
S

F13
§) = BN X \\
T ah A8 Nt

.

X
N

TQR: Toterquartile range. Mean refers o the average value caleulated by addition of the racnthly rIX-FP
consumption values and division by the nureber of patients, whereas wedian mesns that half of the study

25 ohjects have a bigher, and half of the siudy objects have a lower monthly #1X-IP consuniption,

On-demand subjects (Arm 2):

Approximately 25 on-demand subjects were enrolled in the study, which consisted of a
one month screening period. approximalely 26 weeks of on-demand treatment (only

30 receives rIX-FP after bleeding episode), followed by prophylactic weekly therapy with
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rIX-FP. The annualized bleeding rate of on-demand treatment was compared to the

prophylactic treatment.

During this study, subjects visited study centers for assessment, including FIX activity
5 evel test, every 441 weeks. Therefore, we are able to collect FIX activity level
throughout the study.

Majority of the on-demand subjects required treatment (due to bleed) more than once a
mounth. However, two of the on-demand subjects had longer than one month between

10 the treatments that made it possible to test the FIX activity at 28 days from the previous
rIX-FP treatment (Table 11).

Table 11 ~ FIX activity at baseline and at Bay 28

FIX activity (% or JU/dL) FIX activity at Day 28
at baseline post 30 IUA&g vIX-FP injection
Subject #1 0.3 34
Subject #2 0.4 038

15 Prophylaxis was conceived {rom the observation that moderate hemophilia patients
with clotting factor level >1 IU/d] (>1%) seldom experience spontaneous bleeding and
have much better preservation of joint function. Therefore, prophylaxis regimen (o
maintain FIX activity level (plasma level} above 1% is targeted for the FIX
replacement therapy. This preliminary data indicated that a dose higher than 50 or 100

20 TU/kg of rIX-FP may be sufficient for proving 1% FIX activity above baseline at day
28 post rIX-FP injection in subjects with hemophilia, that implicated a monthly dosing
interval may be feasible.

A PK modeling based on the PK data from the completed rIX-FP phase IFIII clinical
25 stedy was conducted and compared with comresponding PK modelling data based on
available ALPROLIX™ kinetic data.

A PK modeling based on the PK data from the completed rIX-FP phase IVIII clinical

study indicated that with a weekly dosing interval with 33.33 [U/kg rIX-FP, 50% of
30 study subjects had a trough of 10% FIX aciivity above baseline, see Figure 12 A (lef().

An analogaus PR modeling was conducted, based on the ALPROLIX™ PK kinetic
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data. When a weekly dosing interval of 50 U/kg ALPROLIX™ was applied, 50% of
study subjects had a trough of 2% FIX activity above baseline, see Figure 12 A (right).

Another PK modeling based on the PK daia from the completed vIX-FP phase I/
clinical study indicated that with a dosing interval of 10 days with 50.0 IU/kg vIX-FP,
S50% of study subjects had a trough of 7.5% FIX activity above baseline, see Figure 12
B (left). An analogous PK modeling was conducted. based on the ALPROLIX™ PK
kinetic data. When a dosing interval of every 10 days with 100 [U/kg ALPROLIX™
was applied, 50% of study subjects had a trough of 2% FIX activity above baseline, see

Figure 12 B (right).

Yet another PK modeling based on the PK data from the completed rIX-FP phase II/HI
clinical studies indicated that with a dosing interval of 14 days with 75.0 IU/Kg, 50% of
study subjects had a trough of 5% FIX activity above baseling, see Figure 12 C (left).
An analogous PK modeling was conducted, based on the ALPROLIX™ PK kinetic
data. When a dosing interval of every 10 days with 100 IU/kg ALPROLIX™ was
applied, 50% of study subjects had a trough of 2% FIX activity above baseline, see
Figure 12 C (right).

EXAMPLE 6: PK Parameters derived from concentration decay data of rIX-FP
™

or rIX-Fe (Alprolix ) obtained from human plasma after administering 50 TU/kg

of rIX-FP or rIX-Fc¢ (Alpmlixlm‘) to human subjects.

Approximately 28 subjects were injected with a 50 IU/kg dose of tTX-FP. The activity
of 1IX-FP in huoman plasma was measured over time. The decay kinetics of rIX-FP was
analyzed, from which the pharmacokinetic parameters shown in Table 12 were
determined. In particular, Table 12 displays the arithmetic mean value and the
corresponding coeflicient of vantation (CV) of the pharmacokinetic parameters.

The pharmacokinetic parameters of rIX-Fe (Alprolix ™} shown in Table 12 are derived
from a study with 22 patients as disclosed in the zﬁdpr(jlixTM FDA prescribing

information.
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Table 12: Comparison of pharmacokinetic parameters of r1X-FP and rIX-Fe

(Alprolix™

Mean pK parameters
(CV values in %)

rIX-FP (50 TU/kg) with

baseline correction:

ALPROLIX™ (50 IU/kg)

FDA prescribing information

Prophylaxis rFIXFe

N=28 (N =22)

AUCy i, (JU¥h/dL) 6203.67 1619.1
{29.8) (26.1)

1.
4% (h) 87.0538 86.52
{28.8) (37.2)

2.
CL/BW (mL/kg) 0.8839 3.304
(33.6) (28.4)

3,

Incremental 1.2859 1.0154
Recovery (26.0) (88.7)
(CPUAL/(IU kg 4,
Vss/BW (dL/kg) 1.0097 3.270
(21.6} (28.2)

5.

MRT (I} 121.3904 101.96
(26.7) {29.7)

Abbreviations: AUCInf = area under the FEX activity time curve; t1/2 = elimination halt-life; CL/BW =

bodyweight adjusted clegrance; lncrementad recovery = defined as TUA eise in plasoma per IU/Ag

adoinistered, ¥ss/BW = bodyweight adjusted volume of distribution af steady-state, MRT = mean

residence time, N = approximate number of human subjects.

According to the above data, rIX-FP has an about 3.8-fold higher AUCO-inf, an sbout

3.7-fold reduced CL/BW, an aboat 26% higher incremental recavery, ain about 3.2-fold

lower volume of distribution, and an increased mean residence time of the drug by
about 19%, when compared (o rIX-Fe {ALPROLIX™), These PK valoes indicate an
improved activity and stability of Factor IX fusion protein of this invention (rIX-FP).




10

20

o]
A

30

42
LA

WO 2015/095925 PCT/AU2014/050388

63

Claims

=

9,

10.

11.

A fusion protein comprising

a) a Factor IX (FIX} portion, and

b) a half-life enhancing polypeptide (HLEP)

for use in & method of preventing bleeding in a subject, wherein the fusion
protein is to be administered to the subject at a dose of about 25-73 IU/kg for a

dosing interval of about once every week.

The fusion protein for use as in claim 1, wherein the dose is about 35-75 IU/kg.

The fosion protein for use as in c¢laim 1 or claim 2, wherein the dose 1s about

35-55 TU/kg.

The fusion protein for use as in any one of claims 1 to 3, wherein the dose is
about 35-30 IU/kg.

The fusion protein for use as in claim 1, wherein the dose is about 25-30 IU/kg.

The fosion protein for use as in claim 1 or claim §, wherein the dose is about

25-40 TU/Kg.

The fusion protein for use as in any one of claims 1 to 5, wherein the dose is
about 50 [U/kg.

The fusion protein for use as in any one of claims 1 ta 5, wherein the dose is
about 45 TU/kg.

The fusion protein for use as in any one of claims 1 to 6, wherein the dose 18
about 40 TU/kg.

The fusion profein for use as in any one of claims 1 to 6, wherein the dose 1s
about 35 TW/kg.

The fusion protein for use as in claim 1. wherein the dose is abount 25 TU/kg.
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12.

14,

16.

17,

18.

19.

20.

21.

66

The fusion protein for use as in any one of claims 1 to 11, wherein the dosing

interval is about once every 6 1o 8 days.

The fusion protein for use as inany one of claims 1 to 12, wherein the dosing

interval is about onee every 7 days.

The fusion protein for use as in any one of claims 1 to 13, wherein the plasta
level of the FIX maintains a trough of at least about 1% above baseline {or the

entire dosing interval.

The fusion protein for use as claim 14, wherein the plasma level of the FIX

maintains a trough of about 2% above baseline for the entire dosing interval,

The fusion protein for use as claim 14, wherein the plasma level of the FIX
maintains a trough of between § and 15% above baseline for the entire dosing

interval.

A fusion protein comprising

a) a Factor IX (FIX) portion, and

b) a half-life enhancing polypeptide (HLEP)

for use in a method of preventing bleeding in a subject, wherein the fusion
protein iy to be administered to the subject at a dose of about 30-95 1U/kg for a
dosing interval of about once every 8 to 11 days.

The fusion protein for use as in claim 17, wherein the dose is about 50-75
TUkg.

The fosion protein for use as in claim 17 or claun 18, wherein the dose is about
75 kg,
The fusion protein for use as in claim 17 or claim 18, wherein the dose is about
50 TU/ke.

The fusion protein for use as in any one of claims 17 to 20, wherein the dosing

interval is about ance every 10 days.
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22.

bJ
a3

TU/kg.

24.

26.

27.

30.

31.

67

A fusion protein comprising

a) a Factor IX (FIX) portion, and

b) a half-life enhancing polypeptide (HLEP)

for use in a method of preventing bleeding in a subject, wherein the fusion
protein is o be administered to the subject at a dose of abont 50-95 TU/kg for a

dosing interval of about once every two weeks,

The fusion protein for use as in claim 22, wherein the dose 13 about 65-85

The fusion protein for use as in claim 22 or claim 23, wherein the dose is about
60-80 /g,

The fusion protein for use as in any one of claims 22 to 24, wherein the dose is
about 70-80 IU/kg.

The fusion protein for use as in claim 22, wherein the dose is about 50-75
TU/keg.

The fusion protein for use as in any one of claims 22 to 26, wherein the dose is
about 73 [U/kg.

The fusion protein for use as in claims 22 or 26, wherein the dose is about 30
IU/kg.

The fusion protein for use as in any one of claims 22 to 28§, wherein the dosing

interval is about once every 12 to 16 days,

The fusion protein for use as in any one of claims 22 to 29, wherein the dosing

interval is about once every 14 days.

A fusion protein comprising
aj a Factor IX (FIX) portion, and
b) a half-life enhancing polypeptide (HLEP)
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32,
TU/kg.

34.

3
S

37.

40.

41.

68

for use in a method of preventing bleeding in a subject, wherein the fusion
protein is to be administered to the subject at a dose of at Iegast about 90-250

[U/kg for a dosing interval of about once every 3 weeks or longer.

The fusion protein for use as o ¢laiim 31, wherein the dose 13 about 90-150

The fusion profein for use as in ¢laim 31 or claim 32, wherein the dose is about
95-110 1/ kg.

The fusion protein for use as in any one of claims 31 to 33, wherein the dose is
about 95-105 TU/kg.

The fusion protein for use as in any one of claims 31 to 34, wherein the dose 1s
about 100 IU/kg.

The fusion protein for use as in claim 33, wherein the plasma level of the FIX
maintaing a trough of at least about 2-4% above baseling for the entire dosing
interval.

The fusion protein for use as in claims 33 or 36, wherein the plasma level of the
FIX maintains a trough of at least about 4% above baseline for the entire dosing

interval,

The fusion protein for use as in any one of claims 31 to 37, wherein the dosing

interval is about ance every 19 o 23 days.

The fosion protein for use as in any one of claims 31 to 38, wherein the dosing

inferval is about once every 21 days.

The fusion protein for use as in claim 31, wherein the dosing interval is about

once every month.

The fusion protein for use as in claim 4(, wherein the dose is about 140-200
IU/kg.
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42.

44,

46.

47.

48.

49.

50.

69

The fusion protein for use as in claim 40 or claim 41, wherein the dose is about
140-160 IWikg.

The fosion protein for use as in any one of claims 40 to 42, wherein the dose 1s
about 130 IU/Kg.

The fusion protein for use as in any one of claims 44 to 43, wherein the dosing

interval is about once every 28 days.

The fusion protein for use: as in any one of the preceding claims, wherein the
half-life enhancing polypeptide (HLEP) is albumin {FP) or an immunoglobulin

without an antigen binding domain (e.g., Fe).

The fusion protein for use as in any one of the preceding claims, wherein the
half-life enhancing polypeptide (HLEP) is albumin (FP).

The fusion protein for use as in any one of the preceding claims, wherein the
Factor IX (FIX) portion is connected to the half-life enhancing polypeptide
(HLEP) via a peptide linker.

The fusion protein for use as in claim 47, wherein the peptide linker is

cleavable,

The fusion profein for use as in claim 48, wherein the peptide linker 18 cleavable

by proteases involved in coagnlation or activated by coagulation enzymes.

The fusion protein for use as in claim 48 or claim 49, wherein the linker i3
cleavable by FIXa and/or by FVHa/Tissue Factor (TF).

The fusion protein for use as in any one of claims 46 to 50, wherein the linker
comprises a sequence selected from SEQ ID NO: 2 and SEQ 1D NO; 3.

The fusion protein for use as in any one of claims 406 to 51, wherein the

sequence of the fusion protein has the sequence set forth in SEQ ID NO: 1.



10

20

o]
A

30

42
LA

WO 2015/095925 PCT/AU2014/050388

54,

35.

S6.

57.

59.

60.

61.

62.

70
The fusion protein for use as in any one of claims 46 to 51, wherein the
sequence of the fusion protein has at least 70% identity to the sequence set forth

in SEQ IDNQO: 1.

The fusion protein for use as in any one of the preceding claims, wherein the

subject ix & human,

The fusion profein for use as in ¢laim 54, wherein the human suffers from

hemophilia B.

The fusion protein for use as in any one of the preceding claims, wherein the

method involves a prophylactic dosing regimen.

The fusion protein for use as in any one of the preceding claims, wherein the
dose is to be administered intravenounsly.

A method of administering Factor 1X (FIX) to a subject in need thereof,
coprising administering to the subject a dose of about 253-75 [U/kg of a fusion
protein comprising

a) a Factor [X (FIX)} portion, and

b) a half-life enhancing polypeptide (HLEP)

at about a once weekly or longer dosing interval.

The method of claim 358, wherein the dose is about 35-75 IU/kg.

The method of clainm 39, wherein the dose is about 35-33 It/kg.

The method of claim 60, wherein the dose is about 35-50 T/kg.

The method of claim 38, wherein the dose is about 25-50 W/kg.

The method of claim 62, wherein the dose is about 25-40 IU/kg.

The method of claim 62, wherein the dose is about 30 11/kg.

The method of claim 62, wherein the dose is about 45 TU/kg.
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66.

&7.

68,

69.

70,

1.

72.

74.

75.

76.

77.

71

The method of claim 63, wherein the dose 15 about 40 [U/kg.

The method of claim 63, wherein the dose 1s about 35 U/kg.

The method of clain 38, wherein the dose is about 25 1U/ke.

The method of any one of claims 58 to 68, wherein the dosing interval is about

once every 6 to § days.

The method of claim 69, wherein the dosing interval is about once every 7 days.

The method of any one of claims 38 to 70, wherein the plasma level of the FIX
maintains a trough of at least about 19% above baseline for the entire dosing

interval.

The method of claim 71, wherein the plasma level of the FIX maintains a trough

of about 2% above baseline {or the entire dosing interval.

The method of claim 72, wherein the plasma level of the FIX maintains a trough

of between § and 15% above baseline for the entire dosing interval.

A method of administering Factor IX (FIX) to a subject in need thereof,
comprising administering to the subject a dose of about 50-93 IU/kg of a fusion
protein comprising

a) a Factor IX (FIX) portion, and

b} a half-life enhancing polypeptide (HLEP)

at a dosing interval of about once every 8 to 11 days,

The method of claim 74, wherein the dose is about 5(3-75 IU/kg.

The method of claim 75, wherein the dose is about 75 IU/kg,

The method of any one of claims 74 to 70, wherein the dosing interval is about

once every 10 days.
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78.

79.

S0,

81.

82.

86.

87.

72
A method of administering Factor IX (FIX) to a subject in need thercof,
comprising administering to the subjeet a dose of about 50-95 IU/kg of a fusion
protein comprising
a) a Factor IX (FIX} portion, and
b) a half-life enhancing polypeptide (HLEP)
at about a once cvery two weeks or longer dosing interval,
The method of claim 78, wherein the dose is 63-85 W/kg.
The method of claim 79, wherein the dose is 60-80 ILitkg.
The method of claim 78, wherein the dosce is about 70-80 IU/kg.
The method of claim 78, wherein the dose is about 50-75 IU/kg.
The method of claims 81 or 82, wherein the dose is abont 75 TU/kg.

The method of claim 82, wherein the dose is about 30 Iikg.

The method of any one of claims 78 to 8¢, wherein the dosing interval is about

once gvery 12 to 16 days.

The method of claim 85, wherein the dosing interval is about once every 14

days.

A method of administering Factor IX (FIX) to a subject in need thereof,
comprising administering to the subject a dose of 90-230 [W/kg of a fusion
protein comprising

a) a Factor IX (FIX) portion, and

b} a half-life enhancing polypeptide (HLEP)

at about a once every 3 weeks or longer dosing interval.

The method of claim 87, wherein the dose is about 90-150 IU/kg.

The method of claim 88, wherein the dose s abont 95-110 TW/kg.
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90.

91.

92,

94.

96.

97.

93,

99,

100.

101.

102,

103.

73
The method of claim 89, wherein the dose 18 about 95-105 1W/kg.
The method of claim 90, wherein the dose 18 about 100 TU/Kg.

The method of claim 91, wheretn the plasma level of the FIX maintains a trough

of at least about 2-4% above baseline for the entire dosing interval.

The method of elaims 91 or 92, wherein the plasma level of the FIX maintains a

trough of at least about 4% above baseline for the entire dosing interval.

The method of any one of claims 87 to 83, wherein the dosing interval is about

once every 19 to 23 days.

The method of claim 94, wherein the dosing interval is about once every 21
days.

The method of claim 87, wherein the dosing interval 1s about once every month.
The method of ¢laim 96, wherein the dose 18 about 140-200 TU/kg.

The method of claim 97, wherein the dose is about 140-160 [U/kg.

The method of claim 98, wherein the dose is about 130 [Utkg.

The method of any one of claims 96 to 99, wherein the dosing interval is about

once every 28 days.

The method of any one of claims 58 to 100, wherein the half-life enhancing
polypeptide (HLEP) 1s albumin (FP) or an immunoglobulin without an antigen
binding domain (e.g., Fe).

The method of any one of claims 58 to 101, wherein the half-life enhancing
polypeptide (HLEP) is albumin (FP).

The method of any one of claims 58 to 102, wherein the Factor IX (FIX) portion

is connected to the half-life enhancing polypeptide (HLEP) via a peptide Hnker.
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104,

106.

107.

108.

109.

110,

111

112,

113.

114,

115.

74
The method of claim 103, wherein the peptide linker is cleavable.

The methed of claim 104, wherein the peptide linker is cleavable by proteases

mvolved in coagulation or activated by coagulation enzymes.

The method of claim 103, wherein the linker is cleavable by F1Xa and/or by
FvV1la/Tissuve Factor {TF).

The method of claim 104, wherein the Hnker comprises a sequence selecled
from SEQ ID NQO: 2 and SEQ ID NO: 3.

The method of claim 104, wherein the sequence of the fusion protein has the
sequence set forth in SEQ ID NO: 1.

The method of claim 104, wherein the sequence of the fusion protein has at least
70% identity to the sequence set forth in SEQ ID NO: L.

The method of any one of elaims 58 to 109, wherein the subject is a human,.
The method of claim 110, wherein the homan suffers from hemophilia B.

The method of any one of claims 58 to 111, wherein the treatment involves a

prophylactic dosing regimen.

The method of claim 112, wherein the dose is to be administered intravenously.
The fusion protein for use as in any one of claims 1 to 37 or the method of any
one of claims 38 to 113, wherein the fusion proiein is provided for

administration at a concentration of about 100 to 400 1/ /ml.

The fusion protein or method of claim 114, wherein the fusion protein is

provided for administration at a concentration of about 100, 200 or 400 IU/ml.



