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TITLE

CROSS REFERENCE TO RELATED APPLICATIONS

16662} This application claims the benefit of U.S. Provisional Application No. 61/012,104,
filed June 13, 2014, U.S. Provisional Application No. 62/047,993, filed September 9, 2014,
U5, Provisional Application No. 62/058,789, filed October 2, 2014, and U.S. Provisional
Apphication No. 62/142,812, filed April 3, 2015; the entire disclosure of each of which is

hereby incorporated by reference, in its entirety, for all purposes.

SEQUENCE LISTING

{8883} The instant application contains a Sequence Listing which has been submitted
electronically in ASCI format and s hereby incorporated by reference in its entivety. Said
ASCH copy, created on June 10, 2015, is named 29502PCT _CRF sequencelisting.txt and is

83,907 bytes in size.

BACKGROUND

166834} The transforming growth factor f (TGF-B) family of proteins inchuades the
wransforming growth factors-B (TGF-fi), activins, bone morphogenic proteins (BMP), nerve
growth factors (NGFs), brain-derived neurotrophic factor (BDNF), and growth/
differentiation factors (GDFs). These family members are involved in the regulation of a
wide range of biclogical processes melading cell proliferation, differentiation, and other
functions.

16665] Growtivdifferentiation factor 8 {GDF-8), also referred to as myostatin, is a TGF-B
fanily member expressed for the most part 1o the cells of developing and adult skeletal
muscle tissne. Myostatin appears to play an cssential role in negatively controlling skeletal
muscle growth (McPherron ef al., Nature (London} 387, 83-90 (1997}, Zunmers ct al,,
Science 296:1486-1488 (2002)). Antagenizing myostatin has been shown to increase lean
muscle mass in animals.

[6806] Another member of the TGF-f family of proteins is a related growth/differentiation
factor, growth/differentiation factor 11 (GDF-11). GDF-11 has approximately 90 %
sequence identity to the amine acid sequence of myostatin, GDF-11 has a role in the axial
patterning in developing animals {Oh et al,, Genes Dev 11:1812-26 (1997)), and also appears

to play a role in skeletal muscle development and growth.,
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180671 Activins A, B and AB are the homodimers and heterdimer respectively of two
polypeptide chains, PA and BB (Vale et al., Nature 321, 776-779 (1986), Ling et al,, Nature
328, 779782 (1986)). Activins were originally discovered as gonadal peptides involved in
the regulation of follicle stiomlating hormone synthesis, and arc now belicved to be involved
in the regulation of a number of biclogical activitics. Activin A is a predominant form of
activin.

1688} Activio, myostatin, GDF-11 and other members of the TGF-P superfamily bind and
signal through a combination of activin type H and activin type UB receptoers, both of which
are transmembrane serine/threonine kinases (Harrison ¢t al., J. Biol. Chem. 279, 28036-
28044 (2004, Cross-linking studies have determained that myostatin is capable of binding
the activin type H receptors ActRIIA and ActRIIB in vitro (Lec et al,, PNAS USA 98:9306-
11 (2001}). There is also evidence that GDF-11 binds to both ActRUA and AciRIIB (Ch et
al, Genes Deov 16:2749-54 (2002)).

[6869] TGF-B protein cxpression is known to be associated with a variety of diseases and
disorders. Therefore, therapeutic molecules capable of antagonizing several TGF-B proicins
simuliancously may be particularly effective for ireating these discases and disorders.

#8018} Related applications inciude: U.S. Serial No. 12/626,37S, filed November 25, 2009,
.S, Serial No. 12/074,877, filed March §, 2008, U.S. Sertal No. 13/329,897, filed December
19, 2011, U.S. Senial No. 11/590,962, filed October 31, 2006, PCT/US2014/0314490, filed
Febroary 3, 2014, and PCT/USZ{15/011396, filed January 14, 2015; each of which is herchy
meorporated by reference, in its entivety, for all purposes.

SUMMARY

{8811} Disclosed herein is a composition comprising a sohution of a protein, an excipient, a
buffer, and a surfactant, wherein the composition comprises a pH of 4-12, wherein the protein
comprises a polypeptide capable of binding at least one of myostatin, activin, or GDF-11,
optionally wherein the polypeptide is selected from the group consisting of: () a polypeptide
consisting of the amine acid sequence set forth in the group consisting of SEQ IDNG: 4, 6,
12, and 14; (b} a polypeptide having at least S0% sequence identity to (a), and the
polypeptide has a W or a Y at the position corresponding to position 28 of the sequence set
forth in SEQ D NO:2 and a T at the position corresponding to position 44 of the sequence
set forth in SEQ 1D NO:2, (¢) a polypeptide having at least 95% sequence identity 1o (a),
wherein the polypeptide has a Wor a ¥ at the position corresponding to position 28 of the

sequence set forth in SEQ I3 NQO:2 and a T at the position corresponding to position 44 of

b
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the sequence set forth in SEQ 1D NO:2, and {d) a polypeptide having a sequence with at jeast
RO %%, 85 %, 90 Y6, 95 96, 96 %, 87 %, 98 Y, or 99 % identity 1o the sequence set forth in
amino acids 19-25, 19, 20, 21, 22,23, 24, or 25 through 130-134, 1285, 126, 127, 128, 129,
130, 131, 132, 133, or 134 of SEQ 1D NO: 2; and wherein the protein in the composition
retains at least 80% stability for a time period of greater than | month in solution when kept
at 2-8°C or 5°C relative to the protein in the composition at the beginning of the time period
(0 months} or relative to an identical protein kept under otherwise identical conditions for
greater than 1 month at -20°C or -70°C; and, optionally wherein the composition further
comprises a chemotherapeutic agent or a second therapeutic agent.

13612} Alse disclosed hercin is 2 method of inhibiting a solid tumor growth o a subject or
treating  solid tumor in a subject, comprising administering a fixed dose ranging from at
feast 0.1 mg/kg to 20 mg/kg of a protein to the subject, wherein the protein comprises a
polypeptide capable of binding at least one of myoestatin, activin, or GDF-11, optionally
wherein the polypeptide is selected from the group consisting of: (1) a polypeptide consisting
of the amino acid sequence set forth in the group consisting of SEQ D NO: 4, 6, 12, and 14;
{b) apolypeptide having at least Y0% sequence identity to (a), and the polypeptide has a W
ora 'Y at the position corresponding to position 28 of the sequence set forth in SEQ 1D NO2Z
and a T at the position corresponding to position 44 of the sequence set forth in SEQ 1D
NO:2, {¢} a polypeptide having at least 95% sequence identity to (a), wherein the
polypeptide has a W or a Y at the position cotresponding to position 28 of the sequence set
forth in SEQ ID NO:Z and a T at the position corresponding 1o position 44 of the sequence
set forth in SEQ 1D NO:2, and (d) a polypeptide having a sequence with at least 80 %, 85 %,
G0 %, 95 %, 96 %, 97 %, 98 Y6, or 99 % identity to the sequence set forth in amino acids 19-
25,19, 20, 21,22, 23, 24, or 25 through 130-134, 125, 126, 127, 128, 129, 130, 131, 132,
133, or 134 of SEQ 1D NO: 2.

18613} Also disclosed herein is a method inhibiting, reducing, or treating cachexia ina
subject, comprising administering s fixed dose ranging from at least 0.1 mg/kg to 20 mg/kg
of a protein to the subject, wherein the protein comprises a polypeptide capable of binding at
least one of myostatin, activin, or GDF-11, optionally wherein the polypeptide is selected
from the group consisting of: (a) a polypeptide consisting of the amino acid sequence set
forth in the group consisting of SEQ ID NO: 4, 6, 12, and 14; (b) a polypeptide having at
feast 90% sequence identity to (a), and the polypeptide has 2 Wor 2 Y at the position

corresponding to position 28 of the sequence set forth in SEQ ID NG:Z and a T at the

|98
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position corresponding to position 44 of the sequence set forth in SEQ ID NO:2, {¢) 1
polypeptide having at least 95% sequence identity to (a), wherein the polypeptide has a W or
a Y at the position corresponding to position 28 of the sequence set forth in SEQ 1D NO:2
and a T at the position corresponding to position 44 of the sequence set forth in SEQ 1D
NO:2, and (d) a polypeptide having a sequence with at least 86 96, 85 %, 90 %, 95 %, 96 %,
97 %, 98 %, or 99 % identity to the sequence set forth in amino acids 19-25, 19, 20, 21, 22,
23,24, or 25 through 130-134, 125, 126, 127, 128, 129, 130, 131, 132, 133, or 134 of SEQ
1D NO: 2.

13614} Alse disclosed hercin is 2 method of treating obesity or 2 discase associated with
obesity, increasing or maintaining muscle mass, or decreasing faf roass in a subject,
comprising: administering to the subjoct an effective dose of a protein that inhibits at least
one of activin, myostatin, and GDF-11, optionally wherein the discase associated with
obesity is at least one of a genetic obesity syndrome, Prader willi syndrome, a hypothalamic
disorder, familial hypercholesterolemia, Bardet-Bied! syndrome, Prader-Willi syndrome, a
syndrome resulting from 2 loss of imprinted genes on 15g11-13, Alstrom syndrome, Cohen
syndrome, Albright’s hereditary ostcodystrophy (pscudohypoparathyroidisny, Carpenter
syndrome, MOMO syndrome, Rubinstein-Taybi syndrome, a syndrome resulting from
deletions of at least one of 6ql6, 1p36, 2937, and 9934, maternal uniparental disomy of
chromosome 14, fragile X syndrome, atherosclerosis, non-alcoholic steatchepatitis, a disease
where visceral fat deposition results in one or more deleterious outcomes, cerchrovascular
disease, fatty liver, and Birjeson-Forssman-Lehman syodrome, and optionally wherein the
polypeptide is selected from the group consisting of: (a) 2 polypeptide consisting of the
amino acid sequence set forth in the group consisting of SEQ D NO: 4,6, 12, and 14, (b) a
polypeptide baving at least 90% sequence ideutity to (a), and the polypeptide hasa Wora Y
at the position corresponding to position 28 of the sequence sct forth 1o SEQ D NO:Z and
T at the position corresponding 1o position 44 of the sequence set forth in SEQ 1D NO:2Z, ()
& polypeptide baving at least 95% sequence identity to (2), wherein the polypeptide hasa W
or a 'Y at the position corresponding to position 28 of the sequence set forth in SEQ 1D NO:2
and a T at the position corresponding io position 44 of the sequence set forth in SEQ 1B
NG:Z, and (d) a polypeptide having a sequence with at least 80 %%, 835 %%, 90 %, 95 %, 96 %,
97 %, 98 %, or 99 % identity to the sequence set forth in amino acids 19-25, 19, 20, 21, 22,
23, 24, or 25 through 130-134, 125, 126, 127, 128, 129, 130, 131, 132, 133, or 134 of SEQ
1D NO: 2,
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136158} Alse disclosed hercin is 2 method of producing a protein comprising a polypeptide
capable of binding at least one of myostatin, activin, or GDF-11, optionally wherein the
polypeptide is selected from the group consisting of: (a) a polypeptide consisting of the
amino acid sequence set forth in the group consisting of SEQ IDNO: 4,6, 12, and 14; (b} a
polypeptide baving at least 90% sequence ideutity to (a), and the polypeptide hasa Wora Y
at the position corresponding to position 28 of the sequence sct forth 1o SEQ D NO:Z and
T at the position corresponding 1o position 44 of the sequence set forth in SEQ 1D NO:2Z, ()
& polypeptide baving at least 95% sequence identity to (2), wherein the polypeptide hasa W
or a 'Y at the position corresponding to position 28 of the sequence set forth in SEQ 1D NO:2
and a T at the position corresponding to position 44 of the sequence set forth in SEQ 1D
N2, and (d) a polypeptide having a sequence with at least 80 9%, 83 %, 90 %, 95 %, 96 %,
97 %, 98 %, or 99 % identity to the sequence set forth in amino acids 19-25, 19, 20, 21, 22,
23,24, or 25 through 130-134, 125, 126, 127, 128, 129, 130, 131, 132, 133, or 134 of SEQ
D NG: 2, wherein the methoed comprises: culturing a C89 Chinese hamster ovary cell Hoe
engincered to express the protein in 2 cell culture; harvesting the protein from the culbture;

and purifying the protein.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[8016] These and other features, aspects, and advantages will become better understood with
regard to the following description, and accompanying drawings, where:

{6817} Figure 1 shows an overview of the cell colture process for making STM 434.

{6018} Figure Z shows an overview of the purification process for STM 434,

[86819] Figure 3 shows a flow diagram for preparing and packaging STM 434,

16626] Figure 4 shows that FSH levels decreased in 2 of 3 subjects following administration
of STM 434 dosed at 0.25 mg/kg.

18021} Figure 5 shows an interim PR analysis for STM 434 in humans.

18022} Figure 6 shows the bascline scan with the tumor indicated in the circle.

16823} Figure 7 shows the follow-on scan taken at the beginning of cycle 4, with the tumor

again indicated in the circle.
DETAILED DESCRIPTION

Lompaesitions

163624} Described herein is an isolated protein comprising a stabitized human activin UB

receptor (svACIRUE) polypeptide and related formulations. Proteins and polypeptides can be
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characterized by their ability to bind to at least one of three TGF-B proteins, myostatin (GDF-
83, activin A, or GDF-11, to inhibit the activities of at least one of these proteins, and,
optionally, to have improved manufacturability properties compared with other ActRHB
soluble receptors. The stabilized human activin B receptor polypeptide can be
characterized by amino acid substitutions at both positions E28 and 844 with reference to the
extracellular domain of ACtRIIB, as set forth in SEQ 1D NG: 2. In one embodiment, a
stabilized homan activin 1B receptor polypeptide can have a further substitution of alanine at
position 64 with respect to SEQ ID NO: 2. In some aspects, a protein is an antibody, an
ActRIIB-based protein, and/or an Fe-Fusion protein. In some aspects, an Fe-Fusion protein
is an ActRIB Fe-Fusion protein. In some aspects, an ActRIB protein comprises a sequence
with at least 80 %, 85 %, 90 %, 93 %, 96 %, 97 %, 98 %, or 99 % identity to the sequence se
forth m amine acids 19-28, 19, 20, 21, 22, 23, 24, or 25 through 130-134, 125, 126, 127, 12§,
126, 136, 131, 132, 133, or 134 of SEQ D3 NO: 2, optionally wherein the Fe 15 1g(,
optionally wherein Ig( is human IgG. In some aspects, an ActRIIB protein comprises or
consists of the sequence set forth in SEQ 1D NO:6 or SEQ ID NO:10. In some aspects, an
ActRIIB protein comprises a sequence with at least 80 %, 85 %, 90 %, 95 %, 96 %, 97 %, 98
%, ot 99 % identity to the sequence set forth in SEQ 1D NO: 6. In some aspects, an ActRIRB
protein comprises a sequence the differs by less than 1-2, 1, 2, 3, 4, or 5 amino acids from the
sequence set forth in SEQ H3 NQO:6. In some aspects, 8 protein inhibits at least two of
activin, myostatin, and GDF-11. In some aspects, a protein inhibits activin, myostatin, and
GDF-11. In some aspects, a protein nhibits activin,

1625} As used herein the torm “TGF-p family members” or “TGF-P proteins” refers to the
structurally related growth factors of the transforming growth factor family including
activing, and growth and differentiation factor (GDF) proteins (Kingsley ot al. Genes Dev. &
133-146 (1994), McPherron et al,, Growth factors and cytokines in health and discase, Vol
1B, D, LeRoith and C. Bondy. ed., JAl Press Inc., Greenwich, Conn, USA: pp 357-393).
18626} GDF-8, also referred to as myostatin, is a negative regulator of skeletal muscle tissue
{McPhorron et al. PNAS USA 64:12457-12461 (19973). Myostatin is syathesized as an
inactive protein approximately 375 amino acids in length, baving GenBank Accession Not
AABBG66Y4 for human. The precursor protein is activaied by proteclytic cleavage at a
tetrabasic processing site {o produce an N-terminal inactive prodomain and an approximaicly

109 amino acid C-terminal protein which dimerizes to form a homodimer of about 25 kDa.
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This homodimer 1s the mature, biclogically active protemn (Zimmers et al., Science 296, 1486
{2002)).

166827} As used herein, the term “prodomain” or “propeptide” refers to the inactive N-
terminal protein which is cleaved off 1o release the active C-terounal protein. As used herein
the term “myostatin’” or “mature myostatin’ refers to the mature, biologically active C-
terminal polypeptide, in monomer, dimer or other form, as wel as biclogically active
fragments or related polypeptides including allelic variants, splice variants, and fusion
peptides and polypeptides. The mature myostatin bas been reported to have 100% sequence
identity among reany species fncluding human, mouse, chicken, porcing, turkey, and rat (Lee
ctal, PNAS 98 9306 (2001)).

1628} As used herein GDF-11 refers to the BMP (bone morphogenic protein) having
Swissprot accession number 095394, as well as variants and species bomologs of that
proicin. GDF-11 is involved in the regulation of anterior/posterior patterning of the axial
skeleton (McPherron ot al, Natore Genet, 22 (93): 260-264 (1999); Gamer ¢t al, Dev. Biol.
208 (1), 222-232 (1999} but postnatal functions arc unkaown.

16829} Activin A is the homodimer of the polypeptide chains BA. As used herein the torm
“activin A refers to the activin protein having GenBank Accession No: NM_002192.
Activios A, B, and AB are the homodimers and heterodimer respectively of two polypeptide
chains, BA and BB. As used herein, “activin” refers to activin A, B, and AR, as well as
variants and species homologs of that protein.

#0381 Receptor Polypentides

{3831} As used herein, the term activin type H B receptors {ActRIB) refers to human activin
receptors having accession number NP_001097 or variants thereof, such as those having
arginine at position 64 substituted with alanine. The term soluble ActRUB (wild type) refers
to the extracellular domain of ActRIIB, e.g., amino acids | to 134 (with signal sequence}, or
amingo acids 19 through 134 of SEQ 1D NO: 2 (without signal sequence), or amino acids 20,

21,22, 23,24, or 25 through 134 of SEQ 1D NO: 2 {(without signal sequence).
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18632} Stabilized receptor polvpeptides

16633} Alse provided herein is an 1solated protein comprising a stabilized ActlB receptor
polypeptide (veferred 1o herein as “svACtRIIB polypeptide™). As used herein the term
“svACtRIIB protein” refers to a protein comprising a stabilized ActRIB polypeptide. These
polypeptides and proteins are characterized as having the ability to bind and inhibt the
activity of any onc of activin A, myostatin, or GDF-11, in addition to having improved
manmufacturability charactenstics.

16834} The stabilized ActRUB polypeptide can be characierized by having ap amine acid
substitution at both position 28 and 44 with respect to SEQ 1D NO: 2. For consistency, the
amino acid positions on the stabilized ActRHB polypeptides and proteins are referred to with
respect (o the positions in SEQ 1D NO: 2, regardless of whether the polypeptide is mature or
truncated. As used herein, the term “mature” refers to a polypeptide or peptide without its
signai sequence. As used herein, the term “truncated” refers o polypeptides having N
torminal amino acids or C terminal amino acids removed.

[8835] In one embodiment, the isolated stabilized activin B receptor polypeptide
{svActRIIB) has the polypeptide seqoence set forth in SEQ ID NO: 2. In another
embodiment, the polypeptide has the sequence set forth in amino acids 19 throogh 134 of
SEQ ID NG: 2. In another embodiment, the polypeptide has the sequence set forth in amine
acids 23 through 134 of SEQ 1D NO: 2. In another embodiment, the polypeptide has the
seqaence set forth in amine acids 285 through 134 of SEQ D NOG: 2. In another embodiment,
the polypeptide has an amino acid sequence with at feast 80 %, 85 %, 90 %, 95 %, 96 %, 97
%, 98 % or 99 %o identity to any one of the polypeptides above. In one embodiment, the
polypeptide is capable of binding myostatin, activin A, or GDF-11, In one embodiment, the
1solated stabilized activin 1B receptor polypeptide (svActRIIB) comprises a sequence with at
feast 80 %, 85 %, 90 %, 95 %, 96 %, 97 %, 98 % or 99 % wdentity to the sequence set forth in
amino acids 19-24, 19, 20, 21, 22, 23, 24, or 25 through 130-134, 125, 126, 127, 128, 129,
130, 131, 132, 133, or 134 of SEQ 1D NG: 2.

8036} In one embodiment, the isolated stabilized activin UB receptor polypeptide
{svActRITB) has the polypeptide sequence set forth in SEQ 1D NG: 2, except for an aming
acid substitution at position 28, and an amine acid substitution at position 44, wherein the
substitution at position 28 15 selected from W or Y, and the substitution at position 44 s T,

In another emboediment, the polypeptide has the sequence set forth in amine acids 19 through

134 of SEQ 1D NO: 2, except for an amino acid substitution at position 28, and an amino acid
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substitution at position 44, wherein the substifution at position 28 1s selected from Wor Y,
and the substitution at position 44 is T. In ancther embodiment, the polypeptide has the
sequence set forth in anmino acids 23 through 134 of SEQ 1D NO: 2, except for an amino acid
substitution at position 2§, and an aminoe acid substitution at position 44, wherein the
substitution at position 28 is selected from W or Y, and the substitution at position 44 15 T.
In another embodiment, the polypeptide has the sequence set forth in amino acids 25 through
134 of SEQ 1D NO: 2, except for an amino acid substitution at position 28, and an amino acid
substitution at position 44, wherein the substifution at position 28 1s selected from Wor Y,
and the substitution at position 44 18 T, In another embodiment, the polypeptide has an
amino acid sequence with at least 80 %, 8S %, 90 %, 95 %, 96 %, 97 %, 98 % o1 99 %
identity 1o any one of the polypeptides above, wherein the polypeptide has an amino acid
substitution at position 2§, and an aninoe acid substitution at position 44, optionally wherein
the substitution at position 28 is selected from W or Y, and the substitution at position 44 is
T, and wherein the polypeptide is capable of binding myostatin, activin A, or GDF-11. In
one embodiment, the substitution of the above polypeptides at position 28 18 W, and the
substitution at position 44 1s T, wherein the polypeptide is capable of binding myostatm,
activin A, or GDF-11.

16371 In one embodiment, svActRIIB polypeptide includes a signal scquence, for example,
the sequences shown in SEQ D NO: 4, 8, 12, and 16. However, various signal peptides can
be used in the preparation of the polypeptides of the instant apphication. The signal peptides
can have the sequence sct forth in aminoe acids 1 10 19 of SEQ 1D NO: 4, for example. Any
other signal peptides useful for expressing svACtRITB polypeptides can be used. In other
embodiments, the signal sequence is removed, leaving the mature peptide. Examples of
svACiRUB polypeptides lacking a signal sequence jncludes, for example, the sequences
shown in SEQ 1D NO: 6, 10, 14 and 18,

16838} In one embodiment, the protein comprises g stabilized activin {IB receptor
polypeptide, wherein the polypeptide is selected from the group consisting of polypeptides
having the sequence set forth in the group consisting of SEQ IDNO: 4, 6, 12 and 14. These
polypeptides represent amino acids 25 to 134 of SEQ ID NO: 2, wherein the polypeptide has
an amino acid substitution at position 28, and an aminoe acid substitution at position 44,
wherein the substitution at position 2¥ is selected from W or Y, and the substitution at
position 44 is T, and whercin the polypeptide is capable of binding myostatin, activin A, or

GDF-11, with and without 3 signal scquence different from that shown in SEQ IDNG: 2. In

9
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another embodiment the protein comprises a polypeptide having at least 80-1009%, 80-100%,
R5-95%, 90-95%, R0 %, 85 %, B0 %6, 95 %%, 96 %, 97 %, Y8 %, or 99 % sequence identity to
SEGQ ID NO: 4, 6, 12 or 14, optionally wherein the polypeptide has a W or Y at position 28
and a T at position 44, and wherein the polypeptide is capable of binding myostatin, activin
A, or GDF-11. n one embodiment, the substitution at position 28 is W and the substitution
at position 44 1s T, wherein the polypeptide is capable of binding myyostatin, activin A or
GDF-11.

163639] In a further embodiment svActRIIB protein further comprises a heterologous protein.
in one embodiment, the heterclogous protein is an Fe domain. In a further embodiment, the
Fe domain is 2 human 1gG Fe domain. In one embodiment, the protein comprises a
polypeptide baving the sequence set forth in the group consisting of SEQ 1D NO: §, 10, 16
and 18, In another embodiment, the protein comprises a polypeptide having at least 80-
100%, 90-100%, 835-95%, 90-95%, 80 %, 83 %, 90 %, 95 %, 96 %, 97 %, 98 %, or 99 %
sequence identity to the sequence shown in SEQ 1D NO: 8, 14, 16 or 18, optionally wherein
the polypeptide has a W or Y at position 28 and a T at position 44, and whersin the
polypeptide is capabic of binding myostatin, activin A, or GDF-11. In onc cmbodiment, the
substitution at position 28 is W and the substitution at position 44 is T, wherein the
polypeptide is capable of binding myostatin, activin A or GDF-11. In certain aspects, the
protein coraprises or consists of the sequence shown in SEQ 1D NO: 10, In cortain aspects,
the sequence is glycosylated.

18048} In a furthor embodiment svACtRIIB protein is STM 434, described in the Examples.
#0341} In a fhirther embodiment, the protein comprises the any one of the polypeptides
described above, wherein the amino actd residue at position 64 is alanine.

{8842} In another embodiment, the term svActRIIB polypeptide and protein encompasses
proteins comprising fragments of SEQ ID NG: 2, 4, 6, 12 and 14, including N and C terminal
truncations, wherein position 28 is W or 'Y, and position 44 1s T, and wherein the polypeptide
1$ capable of binding myvostatin, activin A or GDF-11.

3843} As used herein the term “derivative” of 4 svACtRIIE polypeptide refers to the
attachment of at least one additional chemical moiety, or at least one additional polypeptide
to form covalent or aggregate conjugates such as glveosyl groups, hipids, acetyl groups, or C-
terminal or N-terminal fusion polypeptides, conjugation to PEG molecules, and other
modifications which are described more fully below. Stabilized ActRIIB receptor

polypeptides can also include additional moedifications and derivatives, including

16
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modifications to the € and N termint which arise from processing due to expression in
various cell types such as mammalian cells, E. coli, yeasts and other recombinant host cells.
18644} svACtRIIB proteins can further comprise heterologous polypeptides attached to
svAciRUEB polypeptide cither divectly or through a hinker to form a fusion protein. As used
herein the tern “fusion protein” vefers to a protein having a heterologous polypeptide
attached to another polypeptide such as an svActRIIB. Heterologous polypeptides include
but are not limited to Fe polypeptides, his tags, and leucine zipper domains to promote
oligomerization and further stabilization of the stabilized ActRIIB polypeptides as described
in, for exanple, WO 00/29581, which is herein incorporated by reference. o one
embodiment, the heterologous polypeptide is an Fe polypeptide or domain. o one
embodiment, the Fe domain 1s selected frona human 1gGl Fe (SEQ 1D NO: 23), a modified
1gQGt Fe, 1g(G2 Fo (SEQ 1D NO: 22), and 1gG4 Fe (SEQ 1D NO: 24) domain. SvActRIB
protein can further comprise all or a portion of the hinge sequence of the 1gG1, 1gG2, or
1G4, Exemplary svActRIB polypeptides are sclected from pelypeptides cousisting of the
sequences as set forth in SEQ D NO: 8, 10, 16 and 18, as well as those polypeptides having
substantial similarity to these sequences, wherein the substitutions at positions 28 and 44 are
retained. As used herein, “substantial simiarity” refers to sequences that are at least 80-
100%, 90-100%, 85-95%, 90-95%, 80 % identical, 835 % identical, 90 % identical, 95 %
identical, 96 % identical, 97 % identical, 98 % identical, 99 % identical to any of SEQ 1D
NGO: 8, 10, 16, and 18, wherein the polypeptides retain W or Y at position 28 and T at
position 44, and whercin the polypeptide is capable of binding myostatin, activin A or GDF-
11. in one embodiment, the substitution at posttion 28 is W and the substitution at position
44 1s T, wherein the polypeptide 1s capable of binding myostatin, activin A or GDF-11.
186845} svActRIB polypeptides can optionally further comprise a “linker”. Linkers serve
primarily as a spacer between a polypeptide and a second heterologous polypeptide or other
type of fusion or between two or more stabilized ActRIIB polypeptides. In one embodiment,
a linker is made up of amino acids linked together by peptide bonds, preferably from 1 {0 20
amino acids linked by peptide bonds, wherein the amino acids are selected from the 20
naturally occurring aminoe acids. Une or more of these aming acids can be glycosylated, as is
understood by those of skill in the art. I onc cmbodiment, the 1 to 20 amino acids can be
selected from glycine, alaning, proline, asparagine, glutamineg, and lysine. In one
embodiment, a linker i1s made up of a majority of amino acids that are sterically unhindered,

such as glycine and alanine. Exemplary Hakers are polyglycines, particularly {Gly)s (SEQ ID
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MNO: 51, (Glyi (SEQ ID NQG: 523, poly(Gly-Ala), and polyalanines. One exemplary suitable
finker is (Gly}Ser (SEQ 1D NO: 25). In a further embodiment, svActRIB can comprise a
“hinge linker”, that is a linker sequence provided adjacent to a hinge region or a partial hinge
region of an 1gG, as exemplified in SEQ 1D NO: 27, Hinge sequences include IgG2F¢,
1gG1Fe, and 1gG4Fc.

16846} Hinge linker sequences can also be designed to improve manufacturability and
stability of svActRUB-Fe proteins. Tn onc embodiment, the hinge hnkers of SEQ 1D NO: 27,
38,40, 42, 44, 45, and 46 are designed to improve manufacturability with the 1gG2 Fe (SEQ
1D NG: 22y when attached to svActRIB pelypeptides. In one cmbodiment, the hinge Hinker
sequences is designed o improve manufacturability when attaching svActRITB polypeptides
to a fwman lgGl Fe (SEQ 1D NO: 23) or a modified human 1gGl Fe.

16847} Linkers can also be non-peptide linkers. For example, alkyl linkers such as -NH-
{(CH»)s-C{0)-, wherein s = 2-20 can be used. These alkyl linkers may further be substituted
by any non-sterically hindering group such as lower alkyl {e.g., C1-Ce) lower acyl, halogen
{e.g.. CL, Br), ON, NH», phenyl, eic.

16848} svActRIB polypeptides disclosed herein can also be atiached to a non-polypeptide
molecule for the purpose of conferring desired properties such as reducing degradation and/or
increasing half-life, reducing toxicity, reducing immunogenicity, and/or increasing the
biclogical activity of svACtRIIB polypeptides. Exemplary molecules include but are not
limited to hinear polymers such as polyethylene glycol (PEG), polylysine, a dextran; a lipid; a
cholestero] group (such as a steroid); a carbohydrate, or an oligosaccharide molecule.

[8849] svACtRIB proteins and polypeptides can have improved manufacturability properties
when compared to other ActRIIB soluble polypeptides. As used herein, the term
“manufacturability” refers o the stability of a particular protein during recombinant
expression and purification of that protein. Manufacturability is believed to be due to the
mtrinsic propertics of the molecule under conditions of expression and purification.
Examples of improved manufacturability characteristics include wniform glycosylation ofa
protein, increased cell titer, growth and protein expression during recombinant production of
the protein, improved puorification properties, and improved stability at low pH. svActRIB
proteins and polypeptides demonstrate the mproved manufactuorability, along with retention
of in vitro and in vivo activity, compared with other soluble ActRUB polypeptides. Further,

additional hinge linker sequences can confer additional manufacturability benefits.
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13656] As used herein, the term a “svActRUB polypeptide activity” or *a biological activity
of a soluble ActRYRB polypeptide” refers to one or more in vigre or in vive activities of
svACtRIEB polypeptides. Activities of svActRIIB polypeptides inclade, but are not Hmite
10, the ability 1o bind to myyostatin or activin A or GDF-11, and the ability to inhibit or
neutralize an activity of myostatin or activin A or GDF-11. As used herein, the term
“capablc of binding” to royostatin, activin A, or GIIF-11 refers to binding measured by
methods known in the art, such as the KinExA™ method. /r vigro inhibition of myostatin,
activin A, or GDF-11 can be measured using, for example, the pMARE C2C12 cell-based
assay. In vive activity, is demonstrated by increased lean muscle mass in mouse models. /o
vive activities of svActRIIB polypeptides and proteins foclude but are not limited to
increasing body weight, increasing loan muscle moass, and focreasing the ratio of lean nmscle
to fat mass. Therapeutic activities further tnchude reducing or preventing cachexia caused by
certain types of fumors, preventing the growth of certain types of tumors, and fncreasing
survival of certain snimal models. Further discussion of svActRIIB protein and pelypeptide
activities is provided below.,

16851} In another aspect, an isolated mucleic acid molecule comprising a polynucicotide
encoding an svACtRIIB polypeptide is provided.

1#652] In one embodiment, the polynucleotide encodes a polypeptide having the sequence set
forth in SEQ ID NO: 2, except for an amino acid substitution at position 28, and an amine
acid substitution at position 44, wherein the substitation at position 28 is selected from W or
Y, and the substitution at position 44 is T. In another embodiment, the polynucleotide
encodes a polypeptide having the sequence set forth in amino acids 19 throagh 134 of SEQ
ID NO: 2, except for an amine acid substitution at position 28, and an amine acid substitution
at position 44, wherein the substitution at position 28 1s selected from Wor Y, and the
substitution at position 44 is T. In ancther embodiment, the polynuclestide encodes a
polypeptide having the sequence set forth in amino acids 23 through 134 of SEQ D NO: 2,
except for an aminoe acid substitution at position 28, and an amine acid substitution at
position 44, wherein the substitation at position 28 is selected from W or Y, and the
substitution at position 44 is T. In ancther embodiment, the polynuclestide encodes a
polypeptide having the sequence set forth in amino acids 25 through 134 of SEQ D NO: 2,
except for an aminoe acid substitution at position 28, and an amine acid substitution at
position 44, wherein the substitation at position 28 is selected from W or Y, and the

substitution at position 44 is T. In another embodiment, the polynucleotide encodes the a
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polypeptide having an amino acid sequence at least 80-100%, 90-100%, 85-95%, 90-95%, 80
%, 85 Yo, 90 %, 95 %, 98 % or 99 % identity to any one of the polypeptides above, wherein
the polypeptide has single amino acid substitution at position 28, and an amino acid
substitution at position 44, optionally wherein the substitution at position 28 s selected from
Woor Y, and the substitation at position 44 is T, and wherein the polypeptide is capable of
binding myostatin, activin A, or GDF-11. In onc embodiment, the polymucieotide of the
above embodiments encodes a polypeptide wherein the substitution at position 28 1s W and
the substitution at position 44 15 T.

180531 In one embodiment, the isolated nucleic acid molecule comprises a polynucleotide
encoding a polypeptide having the sequence set forth in the group consisting of SEQ 1D NO:
4,6, 12, and 14, In another cmbodiment, the vucleic acid comprises a polynucleotide
encoding a polypeptide having at least 80-100%, 90-100%, 85-95%, 90-95%, 80 %, 90 %, 95
Y%, 96 Yo, 97 %, 98 %, or 99 9% sequence idendity to SEQ U3 NO: 4, 6, 12 or 14, optionally
wherein the polypeptide has a W or Y at position 28 and a T at position 44, and wherein the
polypeptide is capabie of binding activin A, GDF-11, or myostatin, Tn one embodiment, the
polymucleotide of the above embodiments encodes a polypeptide wherein the substitution at
position 28 18 W and the substitation at position 44 is T, and wherein the polypeptide is
capable of binding activin A, GDF-11 or myostatio.

#0654} In another embodiment, an isolated nucleic acid molecule further comprises a
polynucleotide encoding at least one heterclogous protein. In one embodiment, the
heterologous protein is an Fe domain, in a further embodiment, the Fe domain is a human
1gQG Fe domain. in snother embodiment, the nucleic acid molecule further comprises
polymucleotides enceding linkers and hinge linkers set forth in, e.g., SEQ ID NG: 25, 27.
[B8855] In one embodiment, the nucleie acid molecule comprises a polynucleotide encoding a
polypeptide consisting of the sequence set forth in the group consisting of SEQ 1D NG: 8, 14,
16 and I8, In another embodiment, the nucleic acid comprises a polymucleotide encoding a
polypeptide having at least 80-100%, 90-100%, 85-95%, 90-95%, 80 %, 90 %, 95 %, 96 %,
97 %, 98 %, 89 % sequence identity to the group consisting of SEQ ID NQG: 8, 10, 16 and 18,
optionally wherein the polypeptide has a W or Y at position 28 and a T at position 44, and
wherein the polypeptide is capable of binding activin A, GDF-11, or myostatin. In one
embodiment, the polynucleotide of the above embodiments encodes a polypeptide wherein
the sobstitution at position 28 is W and the sabstitution at position 44 1s T, and wherein the

polypeptide is capable of binding myostatin, activin A or GDF-11.
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18056} In one embodiment, the isolated nucleic acid molecule comprises a polynucleotide
having the sequence selected from the group consisting of SEQ TD NO: 3, 5, H or 13, or its
complement. Tn another embodiment, the isolated nucleic acid molecule comprises a
polymucleotide baving the sequence selected trom the group counsisting of the sequence SEQ
I NG: 7,9, 15 and 17, or its complement. In a further embodiment the isolated nucleic acid
molecule hybridizes under stringent or moderate conditions with SEQ IDNO: 3, 5,7, 9, 11,
13, 15 or 17 wherein the encoded polypeptide is substantially similar to SEQ 1D NO: 4, 6, &,
10, 12, 14, 16, or 18, optienally wherein the polypeptide comprises an amino acid sequence
having W or Y at position 28, and T at position 44, and wherein the encoded polypeptide is
capable of binding or inhibiting activin A, myostatin or GDF-11.

180571 Nucleic acid molecules include DNA in both single-stranded and double-stranded
form, as well as the RNA complement thereof. DNA includes, for example, cDNA, genomic
DNA, syathetic DNA, DNA amplified by PCR, and combinations thereof. Genomic DNA
may be 1solated by conventional techniques, such as by using the DNA of SEQ ID NG: 3, 5,
11 or 13, or 3 suitable fragment thercof, as a probe. Genomic DNA encoding ActRIIB
polypeptides is obiained from genomic libraries which are available for a2 number of species.
Synthetic DNA is available from chemical synthesis of overlapping oligonucleotide
fragments followed by assembly of the fragments to reconstifute part or all of the coding
regions and flanking scquences. RNA may be obtained from procaryotic expression vectors
which direct high-fevel synthesis of mRNA, soch as vectors using T7 promaoters and RNA
polymerase. cDNA is obtained from libraries prepared from mRNA isolated from various
tissues that express ActRIIB. The DNA molecules inclode full length genes as well as
polymucleotides and fragments thereof. The full length gene may also imclude sequences
encoding the N-terminal signal sequence.

#0381 Also provided are the nucleic acid molecule describe above, wherein the
polymucleotide is operably linked to 8 transeriptional or translational regalatory sequence.
[B058] In another aspect expression vectors containing the nucleic acid molecules and
polymicleonides are also provided, and host cells transtormed with such vectors, and methods
of producing svActRIIB polypeptides are also provided. The term “expression vector” refers
to a plasmid, phage, virus or vector for expressing a polypeptide from a polynucieotide
sequence. Vectors for the expression of svActRIB polypeptides contain at a minimum
sequences required for vector propagation and for expression of the cloned insert. An

expression vector comprises a transcriptional unit comprising an assembly of (1) a genctic



WO 2015/192127 PCT/US2015/035818

clement or clements having a regudatory role 1n gene expression, for example, promoters or
enhancers, (2) a sequence that encodes svACtRIIB pelypeptides and proteins to be transeribed
mto mRNA and translated mto protein, and (3) appropriate transcription initiation and
termination sequences. These sequences may further include a selection marker. Vectors
suitable for expression in host cells are veadily available and the nucleic acid molecules are
mserted mto the vectors using standard recombinant DNA techniques. Such vectors can
mchide promoters which function in specific tissues, and viral vectors for the expression of
svACtRIEB polypeptides in targeted human or animal cells. An exemplary expression vector
suitable for expression of svActRITR is the pDSRa, (described in WO 90/14363, herein
mcorporated by reference) and its derivatives, containing svActRITE polymucleotides, as well

as any additional suitable vectors known in the art or described below.,

Polvpentides
[B868] In some embodiments, compositions disclosed herein include a polypeptide that is
less than 1009 identical 10 an amino acid sequence disclosed herein. In some embodiments,
the polypeptide is 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
between 99 and 100% identical 1o a scquence disclosed herein.
(8061} The term “percent identical” in the context of two or more amino acid or nucleic
acid sequences, refer {0 two or more sequences ot subscguences that have a specified
percendage of nucleotides or amine acid residues that are the same, when compared and
aligned for maxinwm correspondence, as measured using one of the scquence comparison
algorithms described below (e.g., BLASTP and BLASTN or other algorithms available to
persens of skilly or by visual inspection. Depending on the application, the percent identity
can exist over a region of the sequence being compared, e.g., over a functional domain, or,
alternatively, cxist over the full length of the two sequences to be compared.
{8062} For sequence comparison, fypically one sequence acts as a reference sequence {o
which test sequences are compared. When using a sequence comparison aigorithm, test and
reference sequences are input into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence identity for the test sequence(s)
relative to the reference sequence, based on the designated program parameters.
{6863} Optimal alignment of sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smith & Waterman, Adv. Appl Math. 2:482 (1981), by the

<

homology alignment algonthm of Needleman & Wunsch, J. Mol Biol 48:443 {1970), by the
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search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sei. USA §5:2444
(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Sottware Package, Genetics Computer Group, 575
Science Dr., Madison, Wis.), or by visual inspection (see generally Ausubel et al., infra).
13064} One example of an algorithm that is suitable for determining percent sequence
identity and sequence similarity 1s the BLAST algorithm, which is described in Altschul ot
al., J. Mol. Biol. 215:403-410 (1990). Software for performing BLAST analyses is publicly
avatiable through the National Center for Biotechnology Information

(www.nchinlmoaih.gov/).

Variants
86865} The compositions described herein also encompass variants of the polypeptides

described herein. As used herein, the term “variants” refers to polypeptides having one or
more amino acid residues inserted, deleted or substituted into the original aminoe acid
sequence and which retain at least a portion of the function of the polypeptide described
herein. As used herein, fragments of the polypeptides are inchuded within the definition of
“vartanis”. It is onderstood that any given peptide or peptibody may contain one or two or all
three types of variants. Insertional and substitutional variants may contain natural amino
acids, as well as non-naturally occurring amino acids or both, Vanants can include, e.g,,
polypeptides that include a leader or signal sequence; polypeptides with additional amino
terminal residoes, e.g., Mett or Lys 2; polypeptides with expression tags, ¢.g., histidine tags;
and polypeptides expressed as fusion proteins.

[B866] Variants of the polypeptides described herein can include amino acid
substitutions. Stereoisomers (e.g., D-anuno acids) of the twenty conventional (naturally
occurring} aming acids, non-naterally occurring aming acids such as o, u-disubstituted
amino acids, N-alkyl amino acids, lactic acid, and other unconventional amino acids may also
be suitable components for pelypeptides of the present invention. Examples of non-naturally
occurring amino acids include, for example: aminoadipic acid, beta-alanine, beta-
aminopropionic acid, aminobutyric acid, piperidinic acid, aminocaprioic acid,
aminoheptanocic acid, aminoisobutyric acid, aninopimelic acid, diaminobutyric acid,
desmosine, dismmopimelic acid, diaminopropionic acid, N-ethyiglveine, N-cthylaspargine,
hyroxylysine, alll-hydroxylysine, hydroxyproting, isodesmosing, allo-isoleucing, N-

methylglyeine, sarcosine, N-methylisoleucine, N-methylvaline, norvaling, norieucine,
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orithine, 4-hydroxyproline, y-carboxyglutamate, e-N, N N-trimethyllysine, e-N-acetyllysing,
O-phosphoserine, N-acetylserine, N-formylmethionine, 3-methyihistidine, S-hydroxylysine,
o-N-methylarginine, and gther similar amine acids and amino acids (e.g., 4-hydroxyproline).
16867} Naturally occurring residues may be divided inte {overlapping) classes based on
comunon side chain properties:

1)y wneutral hydrophobic: Met, Ala, Val, Ley, lle, Pro, Trp, Met, Phe;

2y weutral polar: Cys, Ser, Thy, Asn, Gin, Tyr, Gly;

3} acidic: Asp, Ghy;

4y basic: His, Lys, Arg;

W
S

residues that influence chain orientation: Gly, Pro; and

6y aromatic: Tip, Tyr, Phe.
1#068] Substitution with naturally occurring amino acids can be conservative or non-
conservative. Conservative amino acid substitutions invoive exchanging a member of one of
the above classes for another member of the same class. Conservative changes may
encompass unconventional amino acid residues, which are typically ncorporated by chemical
peptide synthesis rather than by synthesis in biological systems. These include

peptidomimetics and other reversed or inverted forms of amino acid moieties.

Methods of Making

{8869} Also provided are methods of making svActRIIB polypeptides. A variety of other
expression/host systerms may be utilized. These systems include but are not hmited to
microorganisims such as bacteria transformed with recombinant bacteriophage, plasmid or
cosmid DNA expression vectors; yeast transformed with veast expression vectors; insect cell
systems infected with virus expression vectors (e.g., baculovivus); plant cell systems
transfected with virus expression vectors (¢.2., cauliflower mosatc virus, CaMV; tobaceo
mosaic virgs, TMV} or transformed with bacterial expression vectors {e.g., Ti or pBR322
plasmid); or animal cell systems. Mammalian cells useful in recombinant protein production
inchude but are not limited to VERO cells, Helaa cells, Chinese hamster ovary {CHO) cell
Hines, or their derivatives such as Veggie CHO and related cell lines which grow in senmm-
free media (sce Rasmussen et al, 1998, Cytotechnology 28:31) or CHO strain DX-B11,
which is deficient in DHFR (sce Urlaub et al,, 1980, Proc. Natl. Acad. Sci. USA 77:4216-28)
COS cells such as the COS-7 line of monkey kidney cells (ATCC CRL 1651} {see Gluzman
et al., 1981, Cell 23:175), W138, BHEK, HepG2, 3T3 (ATCC CCL 163), RIN, MDCK, AS49,
PC12, KS62, L cells, £127 cells, BHK (ATCC CRL 10} cell hnes, the CVI/EBNA cell line

I8
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derived from the African green monkey kidney cell ine CVE (ATCC CCL 70) (see
McMahan ot al, 1991, EMBO £ 10:282 1}, human embryvonic kidney cells such as 293, 293
EBNA or MSR 293, human epidermal A431 cells, human Colo208 cells, other transformed
primate cell lines, normal diploid cells, cell strains derived from in vitro culture of primary
tissue, primary explants, HL-60, U837, HaK or Jurkat cells. Mammalian expression allows
for the production of secreted or soluble polypeptides which may be recovered from the
growth medium,

16676} Using an appropriate host-vector system, svACtRITE polypeptides are produced
recorabinantly by culturing a host cell transformed with an expression vector confaining the
nucleic acid molecules vnder conditions allowing for production. Transformed cells can be
used for long-term, high-vicld polypeptide production. Unce such cells are transformed with
vectors that contain selectable markers as well as the desired expression cassetie, the cells
can be allowed to grow in an cnriched media before they are switched to selective media, for
cxamaple. The selectable marker is designed to allow growth and recovery of cells that
successfully express the introduced soquences. Resistant clumps of stably transformed cells
can be proliferated using tissue culture technigues appropriate to the cell line employed. An
overview of expression of recombinant proteins is found in Methods of Ereymology, v. 185,
Goeddell, DV, ed., Academic Press (1990},

18071} In some cases, such as in cxpression using procaryotic systems, the expressed
polypeptides may need to be “refolded” and oxidized into a proper tertiary structure and
disuifide linkages gencrated in order to be biclogically active. Refolding can be
accomplished using a number of procedures well known in the art. Such methods include,
for example, exposing the solubilized polypeptide to a pH usually above 7 in the presence of
a chaotropic agent. The selection of chaotrope is similar to the choices used for inclusion
body solobilization, however a chaotrope is typically used at a lower concentration.
Exemplary chaotropic agents arc guanidine and urea. In most cases, the refolding/oxidation
solution will also contain a reducing agent plus its oxidized form in a specific ratio to
generate a particular redox potential which allows for disulfide shuffling (o occur for the
formation of cysicine bridges. Some commonly used redox couples include
cysteine/cystamine, glutathione/dithiobisGSH, cupric chloride, dithiothreitol DT T/dithiane
DT, and 2-mercaptocthano} (bMEYdithio-bME. In many instances, a co-solvent may be
used to increase the efficiency of the refolding. Commonly used cosolvents include glycerol,

polyethyiene glycol of various molecular weights, and arginine.
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1672} In addition, the polypeptides can be synthesized in solution or ov a solid support in
accordance with conventional techniques. Various sutomatic synthesizers are commmercially
available and can be used in accordance with known protocols. See, for example, Stewart
and Young, Solid Phase Peptide Synthesis, 2d.Ed., Pierce Chemical Co. (1984); Tam et al,, J
Am Chem Soc, 105:64472, (1983); Merrifield, Science 232:341-347 (1984); Barany and
Merrifield, The Peptides, Gross and Meienhofer, ods, Academic Press, New York, 1-284;
Barany et al, Int J Pep Protein Res, 30:705-739 (1987).

166731 The polypeptides and proteins can be purified according to protein purification
techmiques are well known to those of skill in the art. These technigues involve, at one tevel,
the crude fractionation of the proteinaceous and non-proteinacecous fractions. Having
separated the peptide polypeptides from other proteins, the peptide or polypeptide of interest
can be further purified using chromatographic and electrophoretic techniques to achicve
partial or complete purification {or purification to homogeneity). The term “isolated
polypeptide” or “purified polypeptide” as used herein, is intended to refer to a composition,
isolatable from other components, wherein the polypeptide is purified to any deogree relative
to its naturaliy-obtainable state. A purified polypeptide thercfore also refers to a polypeptide
that is free from the environment in which it may naturally occur. Generally, “purified” will
refer to a polypeptide composition that has been subjected {o fractionation to remove various
other components, and which composition substantially retains its expressed biclogical
activity. Where the term “substantially purified” is used, this designation will referto a
peptide or polypeptide composition in which the polypeptide or peptide forms the major
component of the composition, such as constituting about 50 %, about 60 %, about 70 %,
about 80 %, about 85 %, or about 90 % or more of the proteins in the composition. The term
isolated can include a synthesized component such as a polypeptide.

#8074} Various technigues suitable for use in purification will be well known to those of skill
in the art. These include, for example, precipitation with ammoniom sulphate, PEQ,
antibodies (immumoprecipitation) and the like or by heat denaturation, followed by
centrifugation; chromatography such as affinity chromatography (Protein-A columns), ion
exchange, gel filtration, reverse phase, hydroxylapatite, hydrophobie interaction
chromatography, iscelectric focusing, gel electrophoresis, and combinations of these
technigques. As is generally known i the art, it is believed that the order of conducting the

varions purification steps may be changed, or that certain steps may be omitted, and still
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result in & suitable method for the preparation of a substantially purified polypeptide.
Exemplary purification steps are provided in the Examples below.

166875} Various methods for quantifying the degree of purification of polypeptide will be
known to those of skill in the art ju Hght of the present disclosure. These foclude, for
exaraple, determining the specific binding activity of an active fraction, or assessing the
amount of peptide or polypeptide within a fraction by SDS/PAGE analysis. A preferred
method for assessing the purity of a polypeptide fraction is to calculate the binding activity of
the fraction, to compare it to the binding activity of the trutial extract, and to thus calculate
the degree of purification, herein assessed by a “~fold purification number.,” The actoal units
used to reprosent the amount of binding activity will, of course, be dependent upon the
particular assay technigue chosen to foltow the purification and whether or not the

polypeptide or peptide exhibits a detectable binding activity.

Methods of Treatment

{8876} Also provided are methods, preteins, and compaositions for reducing or neutralizing
the amount or activity of at least one of myostatin, activin A, or GDF-11 in vive and in vitro.
svACtRITE polypeptides bave a high binding affinity for myostatin, activin A, and GDF-11,
and arc capable of reducing and inhibiting the biological activities of at least one of
myostatin, activin A and GDF-11. ¥n some aspects, a protein 18 an andibody or an Fe-Fusion

protein. In some aspects, an Fe-Fusion protein is an ActRIIB Fe-Fusion protein. fo some

aspects, an ActRIB Fe-Fusion protein comprises a sequence with at least 80 %, 85 %, 90 %,
D3 %, 96 %, 97 %, 98 %, or 99 % identity to the sequence set forth inamino acids 19-25, 19,
20,2%,22,23, 24, or 25 through 130-134, 125, 126, 127, 128,129, 130, 131, 132,133, or 134
of SEQ 3 NO: 2, optionally wherein the Fe s 1gG, optionally wherein IgG is buman IgG. Tn
some aspects, an ActRIB Fe-Fusion protein comprises or consists of the sequence set forth
in SEQ 1D NOw or SEQ 1D NO:10. In some aspects, a protein inhibits at jeast two of
activin, oyostatin, and GDF-11. ¥n some aspects, a protein inhibits activin, nryostatin, and
GDF-11. In some aspects, a protein inhibis activin.

{8877} In onc aspect, methods and reagents are provided for treating myostatin-related and/or
activin A related disorders in a subject in need of such a treatment by administering an
effective dosage of an svActRIIB composition to the subject. As used herein the term

“subject” yefers o any animal, such as mammals including bumans.

21



WO 2015/192127 PCT/US2015/035818

18678} The compositions are useful for increasing lean vwscle moass in a subject. The
compositions may also be useful to increase lean muscle mass in proportion to fat mass, and
thus decrease fat mass as percentage of body weight in a subject.

180791 The disorders that can be treated by an svACIRIB include but are not limited to
various torms of nuscle wasting, as well as metabolic disorders such as disbetes and related
disorders, and bone degenerative diseases such as ostecoporosis.

1#088] Muscle wasting disorders also include dystrophies such as Puchenne’s muscular
dystrophy, progressive muscular dystrophy, Becker’s type muscular dystrophy, Dejering-
Landouzy muscular dysivophy, Erb’s muscular dysirophy, and infantiie neurcaxonal
muscular dystrophy. Additional muscle wasting disorders arise from chronic diseases or
disorders such as amyotrophic latoral sclerosis, congestive obstructive pulmonary disease,
cancer, AIDS, renal failure, organ atrophy, androgen deprivation, and rheumatoid arthritis,
[B881] Over-expression of myostatin and/or activin may contribute to cachexia, a severe
muscle wasting syndrome. Cachexia results from cancers, and also arises due to rheumatoid
arthritis, diabetic nephropathy, renal fatlure, chemotherapy, injury dae to burns, as well as
other causes. In another example, serum and mtramuscular concentrations of myostatin-
mnmunoreactive protein was found to be increased in men exhibiting AIDS-related muscle
wasting and was inversely related to fat-free mass (Gonzales-Cadavid et al., PNAS USA 85:
14938-14943 (1998)). Myostatin levels have also been shown to increase in response to
burns injuries, resulting in a catabobic muscle effect (Lang et al, FASER I 15, 18(7-1309
(2001}, Additional conditions resulting in muscle wasting may arise from inactivity due to
disability such as confinement in a wheelchair, prolonged bed rest due to stroke, illness,
spinal chord imjury, bone fracture or travima, and muscelar atrophy in 8 microgravity
environment (space flight). For example, plasma myostatin immuonoreactive protein was
found to increase after prolonged bed rest (Zachwieja et al. J Gravit Physiol. 6(2):11(1999),
1t was also found that the muscles of rats exposed to a microgravity environment during a
space shuttle flight expressed an increased amount of myostatin compared with the muscles
of rats which were not exposed (Lalani et al,, I Endocrin 167 (3):417-28 (2000)).

{8082 In addition, age-related increases in fat to muscle ratios, and age-related muscular
atrophy appear to be related to myostatin. For example, the average serum myostatin-
mmmunoreactive protein ncreased with age in groups of young (19-35 yr. old), middle-aged
{36-75 y1. old}, and elderly (76-92 yv old} men and women, while the average muscle mass

and fat-free mass declined with age in these groups (Yarasheski et al. J Nutr Aging 6(5):343-
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R (2002}). In addition, myostatin has now been found to be expressed at low levels in heart
muscle and expression is upregulated in cardiomyocytes after infarct (Sharma et al., J Cell
Physiol. 180 (1):1-9 (1999)). Therefore, reducing myostatin levels in the heart muscle may
improve recovery of heart musele afier infarct.

16831 Myostatin also appears to influence metabolic disorders including type 2 diabetes,
noninsulin-dependent diabetes mellitus, byperglycemia, and obesity. For exanple, lack of
myostatin has been shown to improve the obese and diabetic phenotypes of two mouse
models (Yen ef af. FASER 7 8479 (1994}, svActRIIB polypeptides of the present disclosure
are suitable for treating such metabolic disorders. Therefore, administering the compositions
will taprove diabetes, obesity, and hyperglyeemic conditions in suitable subjects. In
addition, compositions containing svACtRIIB polypeptides can decrease food intake in obese
individuals,

[6884] Administering stabilized ActRIB polypeptides can improve bone strength and reduce
osteoporosis and other degenerative boune diseascs. It has boon found, for example, that
myostatin-deficient mice showed increased mineral content and density of the mouse
humeros and increased mineral content of both trabecular and cortical bone at the regions
where the muscles attach, as well as increased muscle mass (Hamrick et al, Caleif Tissug Int
7H1R63-8(2002)). In addition, svActRIIBs can be used to treat the effects of androgen
deprivation in cases such as androgen deprivation therapy used for the treatment of prostate
cancer, for example.

[8885] Also provide are methods and composttions for increasing mascle mass in food
animals by administering an effoctive dosage of svActRIIB proteins to the antmal. Since the
matore C-terminal myostatin polypeptide is similar or identical in all species tested,
svActRIIE polypeptides would be expected to be effective for increasing lean musele mass
and reducing fat in any agricuiturally important species inclading cattle, chicken, turkeys,
and pigs.

[B886] In some aspects, disclosed herein are methods of treating obesity or a disease
associated with obesity, increasing muscle mass, or decreasing fat mass 1o a subject,
comprising: administering {o the subject an effective dose of 2 protein that inhibits at feast
one of activin, myostatin, and GDF-11,

[B887] In some aspects, a disease associated with obesity is at least one of a genetic obesity
syndrome, Prader willi syndrome, a hypothalamic disorder, familial hypercholesterolemia,

Bardet-Biedl syndrome, Prader-Willi syndrome, a syndrome resulting from a loss of
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imprinted genes on 15q1 1-13, Alstrom syndrome, Cohen syndrome, Albright’s hereditary
osteodystrophy (pseudohypoparathyroidism), Carpenter syndrome, MOMO syndrome,
Rubinstein-Taybi syndrome, a syndrome resulting from deletions of at least one of 6q16,
1p36, 2037, and 9934, maternal uniparental disomy of chromosome 14, fragile X syndrome,
atherosclerosis, non-alcoholic steatohepatitis, a disease where visceral fat deposition results
in one or more deleterious outcomes, cerebrovascular disease, fatty liver, and Birjeson-
Forssman-Lehman syndrome.

13088} In some aspects, a subject is a huroan subject in need treatment or administration. o
some aspects, a subject has at least one of a genetic obesity syndrome, Prader willt syndrome,
& hypothalamic disorder, familial hypercholesterclenna, Bardet-Biedl syndrome, Prader-Willi
syndrome, a syndreme resulting from a loss of foyprinted genes on 15g11-13, Alstrom
syndrome, Cohen syndrome, Albright’s hereditary osteodysirophy
(pscudohypoparathyroidism), Carpenter syndrome, MOMO syndrome, Rubinstein-Taybi
syndrome, a syndrome resulting from deletions of at least one of 6616, 1p36, 2g37, and 934,
maternal uniparental disomy of chromosome 14, fragile X syndrome, atherosclerosis, non-
alcobolic steatohepatitis, a disease where visceral fat deposition results inone or more
deleterious outcomes, cercbrovascular discase, fatty liver, and Birjeson-Forssman-Lehman
syndrome. i some aspects, 2 subject has at least one of insulin resistance, chronic kidoey
disease, cancer, and a catabolic condifion.

16889} In some aspects, a protein is an antibody or an Fe-Fusion protein. o some aspects, an
Fe-Fusion protein is an ActRIIB Fe-Fusion protein. In some aspects, an ActRIIB Fe-Fusion
proiein comprises a sequence with at least 80 %, 85 %, 90 %, 95 %, 96 %, 97 %, 98 %, or 99
%% identity to the sequence sei forth in amino acids 19-25, 19, 20, 21, 22, 23, 24, or 25
through 130-134, 125, 126, 127, 128, 129, 130, 131, 132, 133, or 134 of SEQ ID NGO 2,
optionally wherein the Fe is [gG, optionally wherein 126 is human {g(G. In some aspects, an
ActRIIB Fe-Fusion protein comprises or consisis of the sequence set forth in SEQ D NG:6
or SEQ ID NG:10. In some aspects, a protein inhibits at least two of activin, myostatin, and
GDF-11. In some aspects, a protein inhibits activin, myostatin, and GDF-11. Insome
aspocis, a protein inhibits activin.

#0881 In some aspects, a method disclosed herein decreases at least one of total fat mass,
subcutaneous fat mass, and visceral fat mass. In some aspects, a method disclosed herein
results in a greater percent decrease in visceral fat mass relative to the percent decrease in

total fat mass. In some aspects, 8 method disclosed herein increases at least one of lean body
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mass and appendicular lean mass. In some aspects, a method disclosed herein results in an
merease i at least one of lean body mass and appendicular lean mass by at least 1-50%, 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 509
more. In some aspects, a method disclosed herein results in a decrease m at least one of total
fat mass, subcutaneous fat mass, and visceral fat mass by at least 1-99%, 1%, 2%, 3%, 4%,

Yo, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 99%, or more,
16691} svACtRIB polypeptides and compositions alse antagonize the activity of activin A, as
shown in the in vitro assays below. Activio A is known to be expressed in certain types of
cancers, particularly gonadal tumors such as ovarian carcinomas, and to cause severe
cachexia. (Ciprano ot al. Endocrinel 141 (71:2319-27 (2000}, Show ot al., Endocrine) 138
(1 135000-5 (1997, Coerver et al, Mol Endocrino! 10(5):534-43 (1996); Ito ot al. British J
Cancer 82(81:1415-20 (2000}, Lambert-Messerlian, ¢t al, Gynecologic OUncology 74:93-7
(1999}, Therefore, the compositions of the present disclosure may be used to treat conditions
related to activin A overcxpression, as well as myostatin expression, such as cachexia from
certain cancers and the freatment of cortain gonadal type fumors.
16892} In addition, svAciRUB polypeptides are usetul for detecting and quantitating
myostatin, activin A, or GDF-11 in any nomber of assays. In general, stabilized AciR1IB
polypeptides are uscful as capture agents to bind and immobilize myostatin, activin A, or

GDF-11 ina variety of assays, similar {0 those described, for example, in Asai, od., Methods

in Cell Biology, 37, Antibodigs in Cell Biology, Academic Press, Inc., New York (1993).
The polypeptides may be labeled in some manner or may react with a third molecule such as
an antibody which is labeled to enable miyostatin to be detected and quantitated. For
exarnple, a polypeptide or a third molecule can be modified with a detectable moiety, such as
biotin, which can then be bound by a fourth molecule, such as enzyme-labeled streptavidin,
or other proteins. {Akerstrom, J fmmunol 135:2589 {1985); Chaubert, Mod Pathol 10:585
(1997,

(#8831 In some aspects, a composition of the present disclosure can be used to treat cancers
such as solid tumors. The terms "cancer” and "cancerous” refer to or describe the
physiological condition in mammals that is typically characterized by unregulated cell
growth. Examples of cancer inchude, but are not imited to, carcinoma, lymphoma, blastoma
{including medulloblastoma and retinoblastoma), sarcoma {including liposarcoma and

synovial cell sarcoma), nevroendocrine tumors (including carcinoid tumors, gastrinoma, and
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islet cell cancer), mesothehioma, schwannoma (including acoustic nearoma), meningioma,
adenocarcinoma, melanoma, and feukemia or lymphoid malignancies. More particular
exarples of such cancers include squamous cell cancer {e.g. epithelial squamous cell cancer),
himg cancer inchiding small-cell himg cancer (SCLC), non-small cell himg cancer (NSCLC),
adenocarcinoma of the lung and squamous carcinoma of the hing, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer mclading gastromtestinal cancer, pancreatic
cancer, ghoblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,
breast cancer (including metastatic breast cancer), colon cancer, rectal cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer,
prostate cancer, valval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, testicular cancer, csophagael cancer, tamors of the biliary wact, as well as head
and neck cancer. In some aspects, a composition of the present disclosure can be used 1o treat
cancers such as these or ovarian cancer {granulosa cell, clear cell, serous, endometrioid, germ
cell tumors), head and neck cancer, non-small cell tung cancer, small cell lung cancer,
pancreatic cancer, prostate cancer, small intestinal tumors, colon cancer, renal cell carcingma,
adenoid cystic carcinoma, gastric cancer, esophageal cancer, squamous cell carcinoma (skin},
melanoma, breast cancer, bladder carcinoma, hepatocelliular carcinoma, and/or uterine cancer
{endometrial, cervical, lelomyoma, vulva, vaginal}.

16694] Dosages for use with the profeius and polypeptides described herein can be 0.1-10,
0.25-5, 1-3, 0.1, 0.2, 0.25,0.3,0.4, 0.5, 0.6, 0.7, 075, 0.8, 09, 1, 2, 3, 4, 5, or greater than &
mg/ke, nchusive. Tn some aspects each dosage can be administered every less than -1, 2-9,
3-8,4-7,5-6,1,1,2,3,4,5,6,7, 8, or greater than 8 weeks, inclusive. In some aspects cach
dosage can be administered every less than 1-10, 2-9, 3-8, 4-7, 5-6, 1, 1, 2, 3, 4, 5, 6, 7 days,
nclusive. In some aspects cach dosage is administered 1V, To some aspects, the subject is
administered at least 1-30, 5-20, 5-10, 10-20, 15-20,1-5,2,3,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, or 20 doses, inclusive. In some aspects, the amount of at least one of
the plurality of doses is at least 0.3, 0.5, 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 mg/kg, inclusive. In some aspects, the amount of gach of the phirality of doses
is at least 0.1-30, 0.25-20, 0.25-10, 1-5, 1-3, 0.1-1, 03, 0.5, 1,2, 3,4, 5,6, 7. 8,9, 10, 11, 12,
13, 14,15, 16, 17, 18, 19, or 20 mg/kg, inclusive. In some aspects, each dose is administered
at least daily, weekly, or monthly. In some aspects, cach dose is admivistered at least every
1-30, §-20, 5-10, 18-20, 15-20, 1-5, 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 14,

19,20, 21,22, 23,24, 25, 26,27, 28, 29, 30, or 31 days, inclusive. In some aspects,
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treatment continges for at least 1-30, 5-20, 5-10, 10-20, 15-20, 1-5,1, 2,3, 4,58, 6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19,20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, or 31 days; at least
1-30, 5-20, 5-10, 10-20, 15-20, 1-5,1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20 weeks; or at feast 1-30, 5-20, 5-10, 10-20, 15-20, 1-5,1,2,3,4,5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 18, or 20 months, inclustve.

1B695] In some aspects, a subject can be selected for treatment of cancer using certain criteria
such as inclasion criteria or exclusion criteria.

16896} In some aspects the criteria are inclusion criteria. In some aspecis, inclusion criteria
can include: males and postmenopausal females 2 18 years of age, presence of advanced
solid tumeors with histologic diagnosis confirming cancer, presence of recurrent metastatic or
locally advanced discase after faihure of at least one line of prior standard treatmuont (if
available), measurable discase using Response Evaluation Criteria in Solid Tumors (RECIST
1.1} eriteria, an Hastern Cooperative Uncology Group {ECOQG) performance status of G or 1,
ablity to walk at icast 30 meters without assistance from another person {use of assistive
devices such as a cane or walking frame can be allowed), 12 months of spontancous
amcnorrhea in postmenopausal women, 6 months of spontancous amenorrhea with FSH > 40
IU/L in postmenopausal women, post-surgical bilateral cophorectomy with or without
hysterectomy in posimenopausal women, prior treatment with a platinum-based
chemotherapy regimen, and/or documented as unable to receive platinum-based
chemotherapy.

{8497} In some aspects the criteria are exclusion criteria. In seme aspects, exclusion criteria
can include: concorrent seripus uncontrolled or unresolved medical condition (such as
mfection) limiting protocol comphance or exposing the subject to extreme risk, onresolved
toxicities from prior anti-cancer therapy, such as motor or sensory nearopathy, witha
CTCAE (version 4.03) Grade 2 2 with the exception of alopecia, history of gastrointestinal
bleeding within 6 months of starting treatment, presence of QTcF > 470 msec, history of
hereditary prolonged QT interval, or any arrhythmia (such as bundle branch blocks) that
would prechude assessment of the QT interval, nyyocardial infarction, unstable angina within
6 months of Cyele | Day 1, or congestive heart failore New York Heart Association 2 class
1L, elevated liver function tests, including total bilirubin > 1.5 x the upper Hmit of normal
{ULN; anless subject has documented Gilbert’s diseasce), aspartate aminotransterase (AST) or
alanine aminotransferase (ALT) > 3.0 x ULN {for sobjects with known liver metastasis, AST

or ALT > S x ULN), creatinine > 1.5 x ULN and an estimated creatinine clearance of
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< 60 mL/min (osing the Cockeroft-Gault equation), hemoglobin < 9 g/dL; platelet < 100 x
10°/L; absolute neutrophil count (ANC) < 1.5 x 10%/L (without gramulocyte colony-
stinudating factor support within 2 weeks of starting treatment), chemotherapy, hormonal
therapy, or radiation therapy within 3 weeks of starting treatment, antibody/biclogic therapy
within 4 wecks of starting treatment, major surgery within 8 wecks or minor surgery within 4
weeks of starting treatment, current bowel obstruction, brain metastasis, presence of asciies
or pieural cffusion requiring frequent (more than 1 X per week) medical intervention,
presence of portal-venous shunt device or history of extensive hepatic resection (more than
one segment), known buman immunodeficiency virus (HIV) infection, active Hepatitis B or
C infection, prior treatment with any investigational product within 4 weeks of starting
treatment, forale of childbearing potential, or male with 2 fomale partner of childbearing
potential, unwilling to use a highly effective methed of contraception (i.e., onc that results in
preguancy less than 196 per year) when used consistently and correctly, such as implants,
injectables, combined oral contraceptives, some intrauterine contraceptive devices, sexual
abstinence, or a vasectomized partner, hypersensitivity reactions to a conventional
formulation of doxorubicin HC! or the components of liposomal doxorubicin, cunwdative
dose of prior doxorubin HCI > 300 mg/m”, or cumulative dose of prior epirubicin > 500
mg/m’, decreased cardiac ejection fraction loss than the lower limit of normal by a MUGA
scan ot an cchocardiogram (ECHO) within 2¥ days of starting treatment, and/or women who

are breast-feeding.

Pharmacentical compeositions and formulations

[B898] Pharmaceutical compositions containing proteins and polypeptides disclosed herein
are also provided. In some aspects, a protein is an antibody or an Fe-Fusion profein. Jn some
aspects, an Fe-Fusion protein is an ActRHB Fe-Fusion protein. Tn some aspects, an ActRHB
Fe-Fusion protein comprises a sequence with at feast 80 %, 85 %, 90 %, 95 9%, 96 %, 97 %,
08 %, o1 99 % identity to the sequence set forth in amino acids 19-25, 19, 20, 21, 22, 23, 24,
or 25 through 130-134, 125, 126, ¥27, 128, 129, 130, 131, 132, 133, or 134 of SEQ 1D NO: 2,
optionally wherein the Fe is g, optionally wherein 1gG is human 1gG. In some aspects, an
ActRIIB Fe-Fusion protein comprises or consists of the sequence set forth v SEQ 1D NO:6
or SEQ I NO:10., In some aspects, a profein inhibits at least two of activin, myostatin, and
GDF-11. In some aspects, a protein inhibits activin, myostatin, and GDF-11. Insone

aspects, a protein mhibits activin.

28



WO 2015/192127 PCT/US2015/035818

166991 Such compositions comprise a therapeutically or prophylactically ctfective amount of
the polypeptide or protein in admixture with pharmaceutically acceptable materials, and
physiclogically acceptable formulation materials. The pharmaceutical composition may
contain formulation materials for modifying, maiutaining or preserving, for example, the pH,
osmolarity, viscosity, clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or
release, adsorption or penetration of the composition. Suitable formulation materials include,
but are not fimited to, anuno acids (such as glycine, glutamine, asparagine, argining or
bysine); antimicrobials; antioxidants {(such as ascorbic acid, sodiom sulfite or sodium
hydrogen-sulfite); buffers (such as borate, bicarbonate, Tris-HCl, citrates, phosphates, other
organic acids); bulking agents (such as mannitol or glycine), chelating agents (such as
cthylenediamine tetragcetic acid (EDTA)Y); complexing agents (such as caffeine,
polyvinylpyrrolidone, beta~-cyclodextrin or hydroxypropyl-beta-cyclodextrin); fillers;
monosaccharides; disaccharides and other carbohydrates (such as glucose, mannose, or
dextrins); protoins (such as serurn albumin, gelatin or immunoglobuling); coloring; flavoring
and diluting agents; emulsifying ageuts; hydrophilic polymers (such as
polyvinylpyrrolidone); low molecular weight polypeptides; salt-forming counterions (such as
sodiuny; preservatives (such as benzalkonium chloride, beuzoic acid, salicyhic acid,
thimerosal, phenethyf alcohol, methyiparaben, propviparaben, chlorhexiding, sorbic acid or
hydrogen peroxide}; solvents {such as glycerin, propylene glycol or polyethylene ghycol);
sugar alcobols (such as maunnitol or sorbitol); suspending agents; surfactants or weiting
agents (such as pluronics, PEG, sorbitan esters, polysorbates such as polysorbate 20,
polysorbate 80, triton, tfromethamine, lecithin, chelesterol, tyloxapal); stability cohancing
agents (sucrose or sorbitol); tonicity enbancing agents (such as alkali metal halides
(preferably sodivm or potassivm chloride, mannitol sorbutol); delivery vebicles; diluents;
excipients and/or pharmaceutical adjuvants. (Romington’s Pharmaceutical Scicnces, 18"
Edition, AR, Gennaro, ed., Mack Publishing Company, 1990).

[30186]  As used herein, the term "buffer” is intended to mean a substance that stabilizes
the pH of a liquid, cither its acidity or alkalinity. The term as it is used herein is imtended to
refer to a solution having a buffering substance, such as an acid, in equilibrium with its
conjugate base. Exemplary buffers useful in a formulation disclosed herein include a
potassium phosphate buffer. Exemplary salt forms of buffers that can be included in a buffor
of the invention include, for example, sodivm, potassiom, calcivm, organic amino or

magnesium salt. The torm "buffer” as i is used herein also is intended (o include ali buffers
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other than potassium phosphate buffer that are well known to those skilled in the art and
applicable for use with biopharmaceuticals such as therapeutic polypeptides. Given the
teachings and guidance provided heremn, those skilled m the art will anderstand that buffers
other than potassium phosphate buffer can be equally substituted in the formulations of the
mvention to maintain or enhance the stability of a therapeutic polypeptide. Any of a wide
varicty of butfer components well known in the art can be used in a formulation of the
invention. Such buffer components include, for example, acetic acid, glutamic acid, succimc
acid, propionic acid, maleic acid, gluconate, histidine or other amino acids, citrate,
phosphate, or salt forms thereof. A wide variety of other buffers including, for example, other
organic acids, are well known in the art and can similarly be used as a butfer componentin a
formulation of the fnvention. Given the teachings and guidance provided herein, those skilled
in the art will known that any of the above butfer components or others well known in the art
can be selected and used 10 a fornulation of the mvention given the desived pH of the
formulation and excipients, 1f any, included in the fornudation. The buffer component can be
supplicd 1o the buffering system in a variety of different forms. In some aspects, a
formulation can include 1-36, 5-20, 5-10, 10-20, 15-20, 1-5,1,2,3,4,5,6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 19, 20, or greater than 20 mM of buffer, inclusive.

[66161]  As used berein, the term "excipiend” 18 intended to mean a therapeutically inactive
substance. Excipients can be included in a formulation for & wide variety of purposes
including, for example, as 2 diluent, vehicle, buffer, stabilizer, tovicity agent, bulking agent,
surfactant, cryoprotectant, lyoprotectant, anti-oxidant, metal ion source, chelating agont
and/or preservative. Excipients include, for example, polyols such as sorbitol or mannitol;
sugars such as sucrose, lactose or dexirose; polymers such as polyethylene glyeol; salts such
as MNaCl, KCi or calctim phosphate, amino acids such as glycine, methionine or ghutamic
acid, surfactants, metal ions, buffer salts such as propionate, acetate or succinate,
preservatives and polypeptides such as human serum albunn, as well as saline and water.
Particularly useful exeipients of the invention inchude sugars including sugar alcohols,
reducing sugars, non-reducing sugars and sugar acids. Excipients are well known in the art
and can be found described in, for example, Wang W, Int. J. Pharm. 185:128-88 (1999} and
Wang W, Int. J. Pharm. 203:1-60 {2000). Non-redocing sugars contain an anomeric carbon
that is an acctal and is not substantially reactive with amino acids or polypeptides 1o initiate a
Maillard reaction. Sugars that reduce Fehling's solution or Tollen's reagent also arc known as

reducing sugars. Specific examples of non-reducing sugars include sucrose, trehalose,
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sorbose, sucralose, melezitose and raffinose. Buffer excipients maintain the pH of Hauid
formulations through product shelf-life and maintain the pH of lyophilized formulations
during the lyophilization process and upon reconstitution, for example. In general, excipients
can be chosen on the basis of the mechanisms by which they stabilize proteins against various
chemical and physical stresses.

[80182]  As described herein, cortain excipients are beneficial to include so as 1o alleviate
the effects of a specific stress or to regulate a particular susceptibibity of a specific
polypeptide. Other excipienis are beneficial to include because they bave more general
cffects on the physical and covalent stabilitics of proteins, Particularly useful excipicots
include those chemically and functionally innocuous or compatible with aqueous buffer
solutions and polypeptides so as to optimize the stability properties of a formulation. Various
such excipients are described herein as exemplary excipients exhibiting chemical
compatibility with the aqueous formulations of the invention and fimctional compatibility
with the polypeptide inchuded in such formulations. Those skilled io the art will understand
that the teachings and guidance provided herein with respect to the exenplified excipients are
equally applicable to the use of a wide range of other excipicnts well known in the art. For
exaraple, optimal excipients chosen to enhance or confer stability of a polypeptide withina
formulation inctude those that are substantially free from reacting with functional groups on
the polypeptide. In this regard, both reducing and non-reducing sugars can be used as an
excipient in a formulation of the invention. However, because reducing sugars contain a
hemdacetal group they can react and form adducts or other modifications with amino groups
on amino acid side chains of polypeptides {i.e., ghycosylation). Similarly, excipients such as
¢itrate, succinate or histidine also can form adducts with amino acid side chains, Given the
teachings and guidance provided herein, those skilied in the art will know that greater
retention of stability for a given polypeptide can be achieved by choosing a non-reducing
sugar over a reducing sugar or over other aminoe acid-reactive excipients such as those
excraplified above., Optireal excipients also are chosen to evhance or provide stabilization
with reference to the mode of administration for an agueous formulation of the invention. For
example, parenteral routes of intravenous (IV), subcutancous (SC) or intramuscular (IM)
administration can be more safe and efficacious when all components of the formulation
maintain physical and chemical stability during manufacture, storage and admioistration.
Those skilled in the art will know to craploy onc or more excipients that maintain maximal

stability of the active form of a polypeptide given, for example, a particular manufacturing or
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storage condition or a particular mode of adounistration. The excipients exemplified herein
for use in a formulation exhibit these and other characteristics.

186183]  The amount or concentration of excipient to use in a formulation of the invention
will vary depending on, for examaple, the amount of polypeptide jncluded in the formulation,
the amount of other excipients eluded inthe desired formulation, whether a diluent is
desired or needed, the amount or volume of other componeuts of the formulation, the total
amount of components within a forowlation, the specific activity of the polypeptide and the
desired tonicity or osmolality to be achieved. Specific exarnples for excipient concentrations
are exemplified further below. Further, different types of excipicnis can be combined into an
formulation. Accordingly, a formulation of the invertion can contain an ¢xcipient, fwo, three
or tour or more different types of excipients. Combinations of excipients can be particularly
useful in conjunction with a formulation that contains two or more different polypeptides.
The excipients can exhibit similar or different chemical properties. Given the teachings and
guidance provided herein, those skilled i the art will know what amount or range of
excipient can be included in any particolar formulation to achicve 2 formulation of the
nvention that promotes retention in stability of the polypeptide. For example, the amount and
type of a salt 1o be included in a formulation of the nvention can be selected based on to the
desired osmolality (i.c., setonic, hypotonic or hypertonic) of the final solution as well as the
amounts and osmolality of other components to be included in the fornmlation. Simdlarly, by
cxcraplification with reference 1o the type of polyol or sugar included 1n a formulation, the
amount of such an excipicnt will depend on its osmolality. Inclusion of about 5% sorbutol can
achicve isotonicity while about 9% of a sucrose excipient is needed to achieve isotonicity.
Selection of the amount or range of concentrations of one or more excipicnts that can be
included within a formulation of the invention has been exemplified above by reference to
salts, polyols and sugars. However, those skilled in the art will understand that the
constderations described herein and further exenplified by reference to specific excipients
are equally applicabic o all types and combinations of excipienis including, for example,
salts, amino acids, other tonicity agents, surfactants, stabilizers, buiking agents,
cryoprotectants, lyoprotectants, anti-oxidanis, metal ions, chelating agents and/or
preservatives.

1#6184] Excipients can be mcluded in a formulation of the invention at concentration
ranges generally between about 1-40% {w/v), between about 5-35% (w/v), between about 8-

30% (wiv}, between about 8-25% (w/v} or about €% (w/v). Concentrations as high as about
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45% {(wiv), 50% {w/v) or more than 509 {(w/v} in certain instances alse can be employed m
the formulations of the invention. For example, in some instances, it can be desirable 1o
mchide concentrations up to 60% (w/v) or 75% (w/v) to prodace a hypertonic formulation of
the invention. Such hypertonic solutions can be diluted to produce an isotonic fornuilation
prior to use if desired. Other useful concentration ranges include between about 1-20%,
particularly between about 2-18% (w/v), more particularly between about 4-16% {(w/v), even
more particularly between about 6-14% (w/v) or between about 8-12% (w/v) or about 10%
{(w/v). Excipient concentrations and/or amounts less than, greater than or in between these
ranges also can be used in a formulation of the imvention. For example, one or more
excipients can be included in a formulation which constitute less than about 1% (w/v).
Similarly, a formulation can contain a concentration of one or more excipients greater than
about 40% {w/v). Accordingly, a formulation of the invention can be produced that contains
cssentially any desired concentration or amount of one or more excipients melading, for
example, 1-30, 5-20, S-10, 10-20, 15-20, 1-5, 1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12,13, 14, 15,
16, 17, 18, 19 or 20% (w/v) or more, inclusive.

[801858] A buffer component of a fornwlation of the invention can include one or more
excipients. As described previoushy, one role of an included excipient is to provide
stabilization of the polypeptide against stresses that can occur during manufacturing, shipping
and storage. To acconplish this role, at least one excipient can function as a bufter, stabilizer,
tonicity agend, bulking agent, surfactant, cryoprotectant, lyoprotectant, anti-oxidant, metal ion
source, chelating agent and/or preservative. In addition, at least one excipient also can
function as a diluent and/or vehicle or be employed to reduce viscosity in bigh concentration
formulations in order to enable ther delivery and/or enhance patient convenience. Similarly,
at least one excipiont additionally can confer more than one of the above functions onto &
formulation of the mvention. Alternatively, two or maore excipients can be jncluded in a
formulation of the tnvention to perform more than one of the above or other functions. For
exaraple, an excipient can be included as a compounent 1o a fornmlation of the jnvention to
change, adjust or optimize the osmolality of the formulation, theveby acting as a tonicifier.
Similarly, 8 tonicity agent and a surfactant can both be included in a formulation of the
invention to both adjust the osmolality and condrol aggregation. Excipicuts, their use,
formulation and characteristics are well known in the art and can be found described in, for
example, Wang W, Int. J. Pharm. 185:129-88 {1999} and Wang W, Int. J. Pharm. 203:1-60
(2000).
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[661686]  Tonicity agents and/or stabilizers included in Hquid forroulations can be used, for
exanple, to provide isotonicity, hypotonicity or hypertonicity to a formulation such that it is
suitable for admimstration. Such excipients also can be used, for example, to facilitate
maintenance of 2 polypeptides’ structure and/or fo minimize clectrostatic, solution protein-
protein interactions. Specific examples of tonicity agents and/or stabilizers include polyols,
salts and/or amine acids. Tonicity agents and/or stabilizers included in lyophilized
formulations can be used, for example, as a cryoprotectant to guard polypeptides from
froezing stresses or as a lyoprotectant to stabilize polypeptides in the freeze-dried state.
Specific examples of such cryo- and tyoprotectants include polyols, sugars and polymers.
1861871 As used herein, the torm "surfactant” is intended 1o mean a substance that
functions to reduce the surface fension of a higuid in which it is dissolved. Surfactants can be
incloded in 8 formulation for a variety of purposes ncluding, for example, to prevent or
control aggregation, particle formation and/or sorface adsorption in liquid formulations or to
prevent or control these phenomena during the lyophilization and/or reconstitution process in
fyophilized formulations. Surfactants include, for example, amphipathic organic compounds
that exhibit partial solubility in both organic solvenis and aqueous solutions. General
characteristics of surfactants include their ability to reduce the surface tension of water,
reduce the interfacial tension between oil and water and also form micelies. Surfactants of the
invention include non-ionic and lonic surfactants. Surfactants are well known tn the art and
can be found described in, for example, Randolph T. W. and Jones L. S., Surfactani-protein
interactions, Pharm Biotechnoel. 13:159-75 (2002). Briefly, non-ionic surfactants include, for
example, alkyl poly (cthylenc oxide}, alkyl polyglacosides such as octyl ghicoside and decyl
malioside, fatty alcobols such as cetyl alcohol and oleyl alcohol, cocamide MEA, cocamide
DEA, and cocamide TEA. Specific exampics of non-ionic surfactants inciude the
polysorbates including, for example, polysorbate 20, polysorbate 28, polysorbate 40,
polysorbate 60, polysorbate 65, polysorbate 80, polysorbaie 81, polysorbate 83 and the like;
the poloxamers inchuding, for example, poloxamer 188, also known as poloxalkol or
poly(ethyiene oxide)-poly{propylene oxide), poloxamer 407 or polycthylenc-polypropylene
glycol and the like, and polyethylene glycol (PEG). Polysorbate 20 is synonymous with
TWEEN 20, sorbitan monolaurate and polyoxyethylenesorbitan monolaurate.

[#0188] Optimal surfactants to include in a formulation of the invention can be chosen, for
example, to enhance or promote retention in stability of the polypeptide by preventing or

reducing aggregation and/or adsorption. For example, sorbitan fatty acid esters such as the
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polysorbates are surfactants exhibiting with a wide range of hydrophilic and ennulsifying
characteristics. They can be used individually or in combination with other surfactants to
cover a wide range of stabilization needs. Such characteristics are particularly suitable for use
with polypeptides because they can be tatlored to cover the wide range of hydrophobic and
hydrophilic characteristics of polypeptides. Considerations for selecting a surfactant include
those described previously with reference to excipients in general as well as the hydrophobic
character and critical micellar concentration of the surfactant. The surfactants exemplified
herein, as well as many others well known in the art can be used in a formulation of the
mvention.

180189]  Surfactant concentration ranges for a forowmlation of the invention include those
described previcusly with reference to excipients in general with particularly uscful
concentrations being less than about 1% (w/v). In this regard, surfactant concentrations
generally can be used at ranges between about 0.0001-0.10% (w/v), particularly between
about 0.002-0.05% (w/v), more particularty between about 0.003-0.01% (w/v), even more
particularly between about 0.004-0.008% (w/v) or between about 4.005-0.606% (w/iv).
Surfactant concentrations and/or amounts less than, greater than or in between these ranges
also can be used fo a fornwmiation of the jnvention. For example, one or more surfactants can
be included in a formulation which constitute less than about 0.601% (w/v). Similarly, a
formulation can contain a concentration of one or moere surfactants greater than about 0.10%
(w/v). Accordingly, a formulation of the invention can be produced that contains essentially
any desired conceniration or amount of one or more surfactants including, for example,
(.001, 0.002, 0,003, 0.004, 0.005, .006, 0.007, 0.008, 0.009, 0.010, 0.02, .03, (.04, 0.05,
0.06, 0.07, 0.08, .09 or 0.10% (w/v) or more, inclusive. Various surfactants uscful as an
excipient in a formulation of the invention have been described previously. Other surfactanis
useful in either a hiquid or lyvophilized formulation of the tnvention include, for example,
sugar esters such as esters fauric acid {C12), palmitic acid (C16), stearic acid (C1R),
macrogoel cetostearyl ethers, macrogol lauryl ethers, macrogol oleyi ether, macrogol oleate,
macrogol stearate, macrogol glycerel ricinoleate, macrogol glyeeorol hydroxystearate; afkoyl
polyglucosides such as octyl ghicoside and decy! maltoside; fatty alcohols such as ceiyl
alcohol and oley! alcohol, and cocamides such as cocamide MEA, DEA, TEA, other non-
ionic surfactanis and other ionic surfactants.

[68118]  Stability of a formulation of the invention, including a liquid formulation of the

invention, refers to the retention of structure and/or function of a polypeptide within a
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formulation. A polypeptide n a formulation of the invention will exhibit atiributes such as
resistance 1o change or deterioration that affect stability or function and therefore maintain
consistent functional characteristics over time.

[B0111] A buffer component of a fornwlation of the invention also can include one or
more surfactants as an cxcipient. As described previously, one role of surfactanis ina
formulation of the invention is to provent or minimize aggregation and/or adsorption such as
surface-induced degradation. At sutficicnt concentrations, gencrally about the surfactant's
critical mudcellar concendration, a surface layer of surfactant molecules serve fo prevent
protein molecules from adsorbing at the interface. Thereby, surface-induced degradation is
minimized. Surfactant, their use, formulation and characteristics for formulations are well
known in the art and can be found described n, for example, Randolph and Jones, supra,
(2062).

168112}  In another cmbodiment, the stability of a polypeptide within a formulation of the
invention includes, for example, the retention of physical and/or chemical siability.
Polypeptide stability can be assessed by, for example, determining whether the polypeptide
has been subjected to a physical degradation and/or chemical degradation pathway such as
those described previously, including chemical modification of its structure. Retention in
stability of a polypeptide in a formulation of the invention inchudes, for example, retention of
physical or chemical stability between about 8G-100%, 85-99%, 60-98%, 92-96% or 94-95%
compared to the stability of the polypeptide at an initial time poiut or relative to an identical
control kept at a lower temperature, ¢.g., -7 degrees Celsius. Accordingly, siability of a
polypeptide within a formulation of the invention includes retention of stability greater than
99.5%, at least about 99%, 98%, 7%, 965%, 95%, 94%. 93%, 92%, 91%, 90%, &9%, 838%,
87%, 86%, 85%, 84%, 83%, €2%, 81% or 80% compared to the stability of the polypeptide
at an initial time point relative to an identical control kept at a lower temperature, e.g., -70
degrees Celsius, inclusive,

881131  In a further embodiment, stability of a polypeptide within a formulation of the
inveniion includes, for example, retention of activity, Polypeptide activity can be assessed
using, for example, an in vilre, in vivo and/or in situ assay indicative of the polypeptide's
function. Retention of stability of a polypeptide in a formulation of the invention includes, for
example, retention of activity between about 50-100% or more, depending on the variability
of the assay. For example, retention in stability can inchide retention of activity between

about 63-90% or 70-80% compared to the activity of the polypeptide at an initial ime point.
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Accordingly, stability of a polypeptide within a formulation of the invention inchudes
retention of activity of at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95% or 100% and can inchude activity measurements greater than 100% such as 105%,
110%, 115%, 120%, 125% or 150% or more compared 1o the activity of the pelypeptide at an
initial time point, inclusive. Generally, an inttial time point 1s selected to be the time thata
polvpeptide 1s first prepared in a formulation of the invention or fivst examined for quality
(i.c., meets release specifications). An initial time point also can include the time at which a
polypeptide 1s reformulated in a formulation of the mmvention. The reformulanon can be, for
example, at a higher concentration, lower concentration or at the same concentration of an
imitial preparation.

166114} A formulation of the vention can be prepared to be isotonic with a reference
solution or flutd (Le., biood serum). An isotonic solution has a substantially similar amount
of dissobved solute in it compared to the things arcund it so that it is osmotically stable,
Unless expressly compared to a specific solution or thaid, isotonic or isotonicity 18 exemplary
used herein by reference to human blood serom (e.g., 300 mOsmol/kg). Therefore, an
isotonic formuiation of the invention will contain a substantially similar concentration of
solutes or exhibit substantially similar osmeotic pressure as human blood. In geveral, an
isotonic solution contains about the same concentration of solutes as normal saline for
humans and many other manmmals, which is about 0.9 weight percent (0.009 g/ml) salt in
aqueous solution (e.g., (.009 g/ml NaCl). Formulations of the invention alsoe can jnclude
hypotoric or hypertonic solution preparations.

{68115} The optimal pharmaceutical composition will be determined by one skilled o the
art depending upon, for example, the intended route of administration, delivery format, and
desired dosage. Sece for example, Remington’s Pharmaceutical Sciences, supra. Such
compositions may influence the physical state, stability, rate of in vive release, and rate of in
vivo clearance of the polypeptide. For example, suitable compositions may be water for
injection, physiclogical saline solution for parenteral administration. fonic surfactants
include, for example, anionic, cationic and zwitterionic surfactants. Anionic surfactants
inclade, for example, sulfonate-based or carboxylate-based surfactanis such as soaps, fatty
acid salts, sodiom dodecy] sulfate (SDS), ammoniom lauryl sulfate and other afkyl solfate
salts. Cationic surfactants include, for exampie, gquaternary anumonium-based surfactants
such as cetyl trimethylammoniom bromide (CTAB), other allkyltrimethylammoniom salis,

cetyl pyridinmium chloride, polyethoxylated taliow amine (POEA) and benralkoniom chioride.
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Zwitterionic or amphoteric surfactants include, for example, dodecyl betaine, dodecyl
dimethylamine oxide, cocamidopropyl betaine and coco ampho glycinate.

{66116}  The primary vehicle ov carrier in a pharmaceutical composition may be either
a8queous OF non-aqueous in nature. For exaraple, a suitable vehicle or carrier may be water
for injection, physiological saline solution or artificial corebrospinal fluid, possibly
supplemented with other materials common o compositions for parenteral administration.
Neutral buffered saline or saline mixed with serum albumin are further exemplary vehicles.
Other exemplary pharmaceutical corapositions comprise Tris buffers, or acetate buffers,
which may further include sorbitol or a suitable substitute thercof. In one embodiment,
compositions may be prepared for storage by mixing the selected comapostiion having the
desired degree of purity with optional formulation agents (Renvngton’s Pharmaccutical
Sciences, supra) in the form of a tvophilized cake or an aqueous solution. Further, the
therapeutic composition may be forowlated as a lyophilizate using appropriate excipients
such as sucrose,

1#6187]  The formulations can be delivered in a variety of methods, for example, by
inhalation therapy, orally, or by injection. When parenteral administration is conterplated,
the therapeutic compositions may be in the form of a pyrogen-free, parenterally acceptable
aqueous solution comprising the desired polypeptide in 8 pharmaccoutically acceptable
vehicle, A particulacly suitable vehicle for parenteral injection is sterile distilled water in
which a polypeptide is formulated as a sterile, isotonic solution, properly preserved. Yet
another preparation can imvolve the formulation of the desired molecule with an agent, such
as injectable microspheres, bio-crodible particles, polymeric compounds {polylactic acid,
polyglyeolic acid), beads, or hiposomes that provides for the controlied or sustained release of
the product which may then be delivered via a depot injection. Hyaluronic acid may also be
used, and this may have the effect of promoting sustained duration in the circulation. Other
suitable means for the introduction of the desired molecule include muplantable drog delivery
devices.

[68118]  In another aspect, pharmaceutical formnulations suitable for injectable
administration may be formulated in aqueoos solutions, preferably in physiclogically
compatible buffers such as Hanks” solution, Ringer’s solation, or physiclogically buffered
saline. Agocous injection suspensions may contain substances that increase the viscosity of
the suspension, sach as sodivm carboxymethyi cellulose, sorbito], or dextran, Additionally,

suspensions of the active compounds may be prepared as appropriate oily injection
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suspensions. Suitable hipophilic solvents or vehicles include fatty oils, such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate, triglycerides, or Hposomes. Non-lipid
polycationic anino polymers may also be used for delivery. Optionally, the suspension may
also contain suitable stabilizers or agents to inercase the solubility of the compounds and
allow for the preparation of highly concentrated solutions. In another embodiment, a
pharmaceuntical composition may be formulated for inhalation.  Inhalation solutions may also
be formulated with a propellant for acrosol delivery. In yet another embodiment, solutions
may be nebulized. Pulmonary administration 18 further deseribed in PCT Application No.
PCT/USHA/GG1R7S, which describes pulmonary delivery of chemically modified proteins.
[#0119]  In some aspects, proteins can be formulated as a sterile aqueous solution,
containing 50-100, 60-80, 65-75, 60-70, 70-80, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77,78, 79, or 80 mg/ml profein, 1-30, 5-20, 5-10, 10-20, 15-20, 1-5, 1, 2,
3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 19, 20, or greater than 20 mM potassium
phosphate buffer, less than 1-10, 5-10, 5, 5, 6, 7, 8, 8.8, 9, 10, or greater than 10 % (w/v)
sucrose, and/or loss than 0.006, 0.006, or greater than 0.006% (w/v) polysorbate 20 at pH 4-
12, 5-6,5-7,6-7, 5,6, 6.7, 7, or §, inclusive. In some aspects, a protein can be formulated as
& sterile aqueous solution, coutaining protein, potassium phosphate buffer, sucrose, and/or
polysorbate 20. In some aspects, a protein can be formulated with potassium phosphate
buffer, sucrose, and/or polysorbate 20. In some aspects, a protein can be formulated for IV
aduinistration. In some aspects, a protein can be formulated at veutral pH.  In some aspects,
a protein can be formulated at a pH ot about 4-12, 5-6, 5-7, 6-7, 5, 6, 6.7, 7, or &, inclusive.
In some aspects, a protein described herein can be formulated with a non-naturally occurring
component such as, e.g., a pon-naturally occurring excipient.

[B8128] It is also contemplated that certain formulations may be administered orally. In
one embodiment, molecules that are administered in this fashion can be formulated with or
without those carriers cusiomarily used in the compounding of solid dosage forms such as
tablets and capsuies. For example, a capsule may be designed to release the active portion of
the formulation at the point in the gastrointestinal tract when bicavailability is maximized
and pre-systemic degradation is minimized. Additional agents can be incloded to facilitate
absorption of the therapeutic molecule. Diluents, flavorings, low melting point waxes,
vegetable oils, lubricants, suspending agents, tablet disintegrating agents, and binders may
also be employed. Pharmaceutical compositions for oral administration can also be

formulated using pharmaceutically acceptable carriers well known in the art in dosages
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suitable for oral administration. Such carriers enable the pharmaceutical compositions to be
formulated as tablets, pills, dragees, capsules, hiquids, gels, syrups, slurries, suspensions, and
the like, for ingestion by the patient.

168121}  Phammaceutical preparations for oral use can be obtained through combining
active compounds with solid excipient and processing the resultant mixture of gravules
(optionally, after grinding) o obtain tablets or dragee cores. Suitable auxiliaries can be
added, if desired. Suitable excipients include carbohydrate or protein fillers, such as sugars,
including lactose, sucrose, manniiol, and sorbitol; starch from com, wheat, rice, potato, or
other plants; cehlulose, such as methyl cellalose, hydroxypropylmethyl-cellulose, or sodivm
carboxymethyleellulose; goms, including arabic and tragacanth; and proteins, such as gelatin
and collagen. T desired, disintegrating or solubilizing agents may be added, such as the
cross-linked polyviny! pyrrolidone, agar, and algivic acid or a salt thereof, such as sodium
alginate.

168122} Dragee cores may be used in conjunction with suitable coatings, such as
concentrated sugar solutions, which may also coniain gom arabic, tale, polyvinylpyrrolidoune,
carbopol gel, polyethylene glycol, and/or titaniom dicxide, lacquer sohutions, and suitable
organic solvents or solvent mixtures. Dyestoffs or pigments may be added to the tablots or
dragee coatings for product identification or to characterize the guantity of active compound,
i.e., dosage.

681231 Pharmaceutical prepavations that can be used orally also include push-fit capsuoles
made of gelatin, as well as soft, sealed capsoles made of gelatin and a coating, such as
glycerol or sorbitol. Push-fit capsuoles can contain active tngredients mixed with fillers or
binders, such as lactose or starches, lubricants, such as tale or magnesium stearate, and,
optionally, stabilizers. In soft capsules, the active compounds may be dissolved or suspended
i suttable liquids, such as fatly oils, Hguid, or Bquid polyethylene glycol with or without
stabilizers.

[88124]  Additional pharmaceutical compositions will be evident to those skilled in the art,
melading fornuilations involving polypeptides in sustained- or controlled-delivery
formulations. Techniques for formulating 8 varniety of other sustained- or controlled-delivery
means, such as Hposome carriers, bio-erodible microparticles or porous beads and depot
mjections, are also known to those skilled in the art. See for example, PCT/US93/60829 that
describes controlled release of porous polymeric microparticles for the delivery of

pharmaceutical compositions. Additional examples of sustained-release preparations inchude
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semipermeable polymer matrices in the form of shaped articles, ¢.g. films, or microcapsules.
Sustained release matrices may include polyesters, hydrogels, polylactides (U8, 3,773,919,
EP 58,481), copolymers of L-ghitamic acid and gamnma ethyb-L-glutamate (Sidman et al,,
Biopolymers, 22:547-356 (1983), poly (2-hydroxyethyl-methacrylate) (Langer et al, L
Biomed. Mater. Res., 15:167-277, (1981); Langer et al., Chem. Tech., 12:98-105(1982}),
cthylene vinyl acetate (Langer et al., supra) or poly-D{-)-3-hydroxybutyric acid (EP
133,988, Sustained-release compositions also fnclude iposomes, which can be prepared by
any of several methods known in the art. See e.g., Eppstein et af, PNAS (LS A}, 82:368%
(1983); EP 36,676; EP 88,046; EP 143,949,

16681258}  The pharmmacentical cormpoesition to be used for in vive administration typically
must be sterile. This may be accoraplished by filtration through sterife filiration membranes,
Where the composition is lyophilized, stertlization using this method may be conducted
cither prior to or following Ivophitization and reconstitution. The composition for parenteral
aduinistration may be stored i lyophilized form ov in solution. o addition, parenteral
compositions generally are placed info a container having a sterile aceess port, for exanple,
an fntravenous solution bag or vial having a stopper picrceable by a hypodermic mjection
needie.

168126} Once the pharmaceutical composition has been formulated, 1 may be stored in
sterile vials as a solution, suspension, gel, emulsion, sclid, or 3 debydrated or Ivophilized
powder. Such formulations may be stored cither io a ready-to-use form or in a form {c.g.,
fvophilized) requiring reconstitution prior to administration.

881271 In a specific embodiment, kits for producing an-dose administration onit are
provided. The kits may each contain both a first container having a dried protein and a
second container having an aqueous formulation. Also included within the scope of this
mvention are kits containing single and multi-chambered pre-filled syringes (e.g., hquid
syringes and lyosyringes).

[B0128]  An effective amount of a pharmaceutical composition 1o be employed
therapeutically will depend, for example, upon the therapeutic context and objectives. One
skilled in the art will appreciate that the appropriate dosage levels for treatment will thus vary
depending, in part, upon the molecule delivered, the indication for which the polypeptide is
being used, the voute of administration, and the size (body weight, body surface or organ
size) and condition (the age and general health) of the patient. Accordingly, the chinician

may titer the dosage and modify the route of administration to obtain the optimal therapeutic
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effect. A typical dosage may range from about 0. img/kg to up to about 100 mg/kg or more,
depending on the factors mentioned above. Polypeptide compositions may be preferably
ijected or adnuinistered intravenously (IV). Long-acting pharmaceutical compositions may
be adnunistered every three 1o four days, every week, or biweekly depending on the half-life
and clearance rate of the particular formulation. The frequency of dosing will depend upon
the pharmacokinetic parameters of the polypeptide in the formulation used. Typically, a
composition is administered until a dosage is reached that achieves the desired effect. The
composition may therefore be administered as an dose, or as multiple doses {at the same or
different concentrations/dosages) over time, or as a continuous infusion. Further refinement
of the appropriate dosage is routinely made. Appropriate dosages may be ascertained
through use of appropriate dose-response data.

1668129 Dosages for use with the proteins and polypeptides described herein can be 0.1-
10, 0.1-5,0.25-5, 0.25-3, 1-3, 0.1, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.75, 0.8, 0.9, 1, 2, 3, 4, 5,
or greater than 5 mg/kg, inclusive. Tn some aspects cach dosage can be administered cvery
fess than 1-10, 2-8, 2-5, 1-4, 1, 1, 2,3, 4, 5, 6,7, &, or greater than § weeks, inclusive, In
somge aspects each dosage can be administered every less than 1-10, 2-8, 2-5, 1-4, 1, 1, 2, 3,
4, 5, 6, 7 days, inclusive. In some aspects cach dosage is adniunistered [V,

1#6138] The route of adminisiration of the pharmaceutical composition is in accord with
known methods, ¢.g. orally, through injection by intravenous, intraperitoneal, intracerchral
(intra-parcnchymal), intracerebroventricular, intramuscelar, intra-ocular, intraarterial,
intraportal, intralesional routes, intramedullary, intrathecal, intraventricular, transdermal,
subcutangous, or intraperitoneal; as well as intranasal, enteral, topical, sublingual, urethral,
vaginal, or rectal means, by sustained release systems or by implantation devices. Where
desired, the compositions may be administered by bolus injection or continaously by
infusion, or by implantation device. Alterpatively or additionally, the composition may be
administered locally via uplantation of @ membrane, sponge, or another appropriate material
on to which the desired molecule has been absorbed or encapsulated. Where an implantation
device is used, the device may be implanted into any suitable tissue or organ, and delivery of
the desired molecule may be via diffusion, timed-release bolus, or continuous administration.
881311  In some cases, svACtRIIB polypeptides can be delivered by implanting certain
colls that have been genetically engineered, using methods such as those described herein, to
express and secrete the polypeptide. Such cells may be animal or human cells, and may be

autologous, heterologous, or xenogeneic. Optionally, the cells may be immortalized. In
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order to decrease the chance of an immumological response, the cells may be encapsulated to
avoid infiltration of surrounding tissues. The encapsulation materials are typically
biocompatible, semi-permeable polymeric enclosures or membranes that allow the release of
the polypeptide product(s) but prevent the destruction of the cells by the patient’s immune
system or by other detrimental factors from the swrrounding tissues.

16132] svActRIB gene thorapy in vive is also envisioned wherein a nucleic acid
molecule encoding svActRUB, or a derivative of svACIRIE 1s introduced directly into the
subject. For example, a nucleic acid sequence encoding a svActRUB 1s tdroduced indo targe
cells via local injection of a nucleic acid construct with or without an appropriate delivery
vector, such as an adeno-associated virus vector. Aliemative viral vectors include, but are
not limited to, retroviruses, adenovirus, herpes simplex, virus and papilloma virus vectors.
Physical transfer of the virus vector may be achicved in vivo by local injection of the desired
nucleic acid counstruct or other appropriate delivery vector containing the desived nucleic acid
sequence, liposome-mediated transfer, direct injection (naked DNA), or microparticle
bombardment (gene-gun).

#6133} The compositions of the present disclosure may be used alone or in combination
with other therapeutic agents, ¢.g., to enhance their therapeutic effects or decrease potential
side cffects. In some aspecis, doxorobicin can be administered in a combination. In some
aspocts, doxorubicin is liposomal doxorubicin, In some aspects, doxorubicin is given at 40
mg/’m?: In some aspects, doxorubicin is given at 5-200, 10-150, 25-100, 30-50, 35-45, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 mg/m”, inclusive.

[68134] A formulation of the invention alse can include combinations of polypeptides in
the formulation. For example, a formudation of the invention can include an polypeptide for
treatment of one or more conditions. A formelation of the invention also can inchude two or
more different polypeptides. Use of multiple polypeptides in a formulation of the invention
can be directed to, for example, the same or different indications. Stmilarly, multiple
polypeptides can be used n a formulation of the invention to treat, for example, botha
pathological condition and one or more side effects caused by the primary treatment,
Muktiple polypeptides also can be included in a formudation of the invention to accomplish
different medical purposes inchuding, for example, simultaneous treatment and monitoring of
the progression of the pathological condition. Meltiple, concurrent therapies such as those
excmplified above as well as other combinations well known in the art are particolarly useful

for patient compliance because an formulation can be sufficient for some or all suggested

43



WO 2015/192127 PCT/US2015/035818

treatments and/or diagnosis. Those skilled i the art will know those polypeptides that can be
admixed for a wide range of combination therapies. Similarly, a formulation of the invention
also can be used with small molecule pharmaceuticals and combinations of one or more
polypeptides together with one or more small molecule pharmaceuticals. Theretore, the
invention provides for a formulation of the invention containing 1-10,2-5, 1,2, 3,4, S or 6 or
more different pelypeptides as well as for one or more polypeptides combined with one or
more small molecule pharmaceuticals.

180138] A formulation of the invention also can include one or more preservatives and/or
additives well known in the art. Similarly, a fornulation of the jovention can further be
formulated into any of various know delivery formulations. For example, 2 formulation of the
nvention can mchade lubricating agenis, croulsifying agonts, suspending agents, prescrving
agents such as methyl- and propylthydroxy-benzoates, sweetening agents and flavoring
agents. Such optional components, their cherical and functional characteristics are well
known in the art. Similarly well known in the an are formulations that facilitate rapid,
sustained ot delayed release of the polypeptide after adminisiration. A formulation of the
nvention can be produced to foclude these or other fornudation components well known in
the art.

168136} A formulation of the invention also can be produced, for example, in states other
than an agueous liquid. For exampie, as a lyophilized formulation. A Iyophilized formmfation
will generally contain, for example, a bulking or caking agent and an amorphous stabilizer.
(881371 Once a formulation of the invention is prepared as described herein, stability of
the one or more polypeptides contained within the formulation can be assessed using methods
well known in the art. Several of such methods are exemplified further below in the
Examples and include size exclusion chromatography and particle counting. Any of a variety
of functional assays incloding, for example, binding activity, other blochemical activity
and/or physioclogical activity can be assessed at two or more different time points to
determine the stability of the polypeptide in the buffered formudation of the invention.
[80138] A formulation of the invention will, in general, be prepared according to
pharmaceutical standards and using pharmaceutical grade reagents. Similarly, a formulation
of the invention will, in general, be prepared using sterile reagents in a sterile manufacturing
environment or sterilized following preparation. Sterile injectable solutions can be prepared
using well known procedures in the art inchuding, for example, by incorporating one or more

polypeptides in the required amount in an acetic acid, glutamic acid or succinic acid buffer or
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excipient of the invention with one or a combination of formulation components described
herein followed by sterilization nucrofiltration. In the specific embodiment of sterile powders
for the preparation of sterile injectable solutions, particularly useful methods of preparation
mchide, for example, vacoum drying and frecze-drying (lyophilization) as described
previously. Such drying methods will yield a powder of the one or more polypeptides
together with any additional desired components from a previously sterile-filtered selution
thercof.

[8013%]  Also described herein are kits comprising a vial comprising a protein disclosed
herein and mstructions for use. The protein can be in any suitable pharmaceutical
composition as described herein, ¢.g., a liquid suspension suitable for [V infusion.
Alternatively, the protein can be in a lyophilized state suitable for re-suspension before nse.
The instructions for use can include storage instructions, pationt selection, dosages,
administration methods, time periods for use, clinical endpoints, and the like. In some
aspects, the instructions include instructions to perform a method disclosed herein.

[80148] 1t must be noted that, as used in the specification and the appended claims, the
singular forms “a,” “an’” and “the” fnclude phural referents unless the context clearly dictates

otherwise.

EXAMPLES

1668141}  Below arc cxamples of specific embodiments. The examples are offered for
illustrative purposes only, and are not intended to luoait the scope of the present invention in
any way. Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounds, temperatures, ¢ic.), but some experimental orror and deviation should, of course, be
allowed for.

168142} The practice of the present invention can employ, unless otherwise indicated,
conventional methods of protein chemistry, bochemistry, recombinant DNA techniques and
pharmacology, within the skill of the art. Such techniques are explained fully in the
fiterature. See, ¢.g., T.E. Creighton, Proteins: Structures and Molecular Properties (W H.
Freeman and Company, 1993); A.L. Lehuinger, Riochemisiry (Worth Publishers, Inc., current
addition); Sambrook, et al., Molecular Cloning: A Laboratory Manual (Znd Edition, 1989);
Methods In Enzymology (5. Colowick and N. Kaplan eds., Academic Press, Inc.);

Remington'’s Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack Publishing
8 ; 2
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Company, 1990); Carey and Sundberg ddvanced Organic Chemistry 37 Ed. (Plenum Press)
Vols A and B(1992).

Example 1: Expression and Purification of STM 434,
(881431  Cell Culture Process

[B8144] STM 434 drag substance was expressed by a seram-free C89 Chinese hamster
ovary cell line. The sequence of STM 434 s shown in SEQ 1D NQO: 10, where STM 434145 a
homodimer of the sequence set forth i SEQ 1D NO:0.

[68145]  The creation of the Master Cell Bank (MCUB) that expresses STM 434 was
designated AMG 434 MCB. Seed expansion and cell culture production utiizes cheroically
defined media without animal-derived raw materials, The details of the cell culture process,
including process controls, are described below, with a graphical depiction of the process in
Figwre 1. Certain parameters include product concentration determined by Protein A HPLC,
(3-PCR for detection of contaminant MMV DNA, bacterial endotoxin, mycoplasma,
adventitious vitus, and total acrobic microbial count. In addition, two lots were previously
manufactured (Lots 0010039909 and (016039910}, which were further processed by CMC
Biologics to the formoulated bulk drug substance (Lots 13-0066 and 13-0067).

[8¢146] Thaw and Initial Expansion (Stages N-7 to N-4)

[80147]  One vial of AMG 434 MCB was thawed, and the contents were transferred to a
250 mL shaker flask containing 59 + | ml of the growth mediom IMX 5.0, containing

300 oM methotrexate (MTX) and 106 ug/L insulin-like growth factor 1 {(IGF-1), pre-warmed
10 36.0 & 1.0°C. The inoculated shaker flask was then incubated at 36.0 £ 1.0°C ina 5% COy
atmosphere using vented caps and agitation between 155 + 5 revolutions per minuie (rpm} for
72 + 12 hours. After analyzing the cell culture, as defined io Figure 1, a portion of the celi
culture was inoculated into pre-warmed growth medium in a 500 mb shaker flask to a target
volume of 120 mL and target density of 4 x 10° cells/mL. The shaker flask was incubated
under the same conditions as above for 72 + 12 hours. After analysis of the cell culture, a
portion of the cell culture was noculated into pre-warmed growth media in a 1 L shaker flask
to a target vohume of 240 mL and a target density of 4 x 10° cells/mL, and the shaker flask
was incubated vnder the same conditions as above for 72 + 12 hours.

[80148] After analysis of the cell culture from the 1 L flask, this cell culture was used to
moculate two 2 L shaker flasks containing pre-warmed growth medium, each with a target
volume of 600 mL and a target density of 4 x 107 cells/mL. Both shaker flasks were

incubated at 36.0 4 1.0°C in a 5% CG, atmesphere using vented caps and agitation of
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150-160 rpm for 72 + 12 hours. When the incubation of the 2 L flasks was complete, samples
from each flask were analvzed (Figure 1), after which the contents of the two Hlasks were
combined. The cell density of the combined pool was measured, and the pool was then
moculated into pre-warmed growth mediinm in a 10 L glass transfer vessel to a target of 5 L
and a target density of 4 x 107 cells/mL. This culture was kept mixing at 90 + § rpm prior to
the next step of the process, which initiates less than 90 minutes from the fime of pooling.
1#0149]  intermediate Seed Train (Stages N-3 to N-1}

[661808]  The N-3 intermediate sced train stage was exccuted ina 50 1. Wave bioreactor bag
(GE Healtheare). After inflating the Wave bag, the 5 L pooled cell culture was transterred
into the bag. Incubation was initiated under the conditions lsted in Table 1. Samples were
pulled daily and analyzed as described in Figure 1. On Day 3, after assessing viable cell
density and percent viability (minimum of 1.6 x 10° cells/mL and 90%, respectively), growih
medivo IMX 5.0 containing 300 nM MTX and 100 pg/l. 1GF-1 was transforred through an
Opticap X103 sterile filter (Millipore) into the Wave bag to achicve a cell density of 4 x 10°
cells/ml. The total cell culture volume afier this bolus feed was generally 20-25 L. The
incubation was continued at the same conditions (Table 1) for 3 more days, with daily
sampling for analysis as described in Figure 1. Prior to harvest, the viable cell density and

viahility are expected to meet the criteria of no less than 1.6 x 10° celis/mL and 90%,

respectively.
Table 1. 50 L. Wave Bioreacior Process Parameters
Parameter Set points
Wave bag capacity S0 L
Volume of cell culture SL
Temperatore 36.0°C
Rocker speed 22 1pm
Rocker angle 7
C0,; overlay 5% () 0.3 liters per minute (LPM)

{80151} The second and third intermediate seed train stages (N-2 and N-1) were performed
in 60 L and 300 L bioreactors, respectively. After transferring 45.0 + 1.0 L of expansion
media (IMX 5.0 containing 100 pg/L IGF-1 and no MTX], the bioreactor was set to the
parameters described in Table 2. The bioreactor was then noculated with the volame, within
a range of + 3%, of the final Wave bag cell culture required to achieve a starting cell density
of 4 x 10 cells/mL. The contents of the 60 L bicreactor were incubated for 3 days according

to the conditions described in Table 2. Samples were taken daily for analysis, as deseribed in
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Figure §. During incubation, 1.0 M sodivm carbonate was added automatically to control pH.

Prior to harvest, the viable cell density and viability are expected to mect the criteria of no

fess than 2.0 x 10° cells/mL and 90%, respectively.

Tabie 2. 60 L Bioreactor Process Parameters
Paramgter Set poing Range
Temperature 36.0°C 35.0-37.0°C
Agitation 33 rpm 78-88 rpm
Pressure 2.0 psig 1.0-3.0 psig
pH 7.00 6.90-7.10
Disselved oxygen (DO) 48.0 mmHg 28.0-220.0 moHg

[86152] Ounce the 60 L bioreactor incubation was completed, a 300 L bioreactor was

prepared for inoculation by trausferring 245.0 2.0 L of cxpansion media into the bioreactos,
and setting it to the parameters deseribed in Table 3. The bioreactor was then inoculated with
the volume, within a range of + 3%, of the final 60 L biorcactor culture required to achieve
starting coll density of 4 x 10° cells/mL. The contents of the 300 L biorcactor were incubated
for 3 days according to the conditions described in Table 3. Samples were taken daily for
analysis, as described in Figure 1. During incubation, 1.0 M sodium carbonate was added
automatically to countrol pH. Prior to harvest, the viable cell density and viability are expected

to meet the criteria of no less than 2.3 x 10° cells/mL and 90%, respectively.

Tabie 3, 360 L Bioreactor Precess Parameters
Parameter Set point Range
Temperature 36.0°C 35.0-37.0°C
Agitation 80 rpm 75-85 rpm
Pressure 2.0 psig 1.0-3.0 psig
pH 7.00 6.90-7.10
DO 48.0 mmHg 28.0-220.0 mmHg

[B8153] Production Bioreactor

[B8154] The final production bioreactor in the upstream processing of STM 434 has a

nominal capacity of 2000 L. To initiate this stage of production, the bioreactor was charged

with 1100.0 5.0 L of production medium ABMU25-004, a chemically defined medium that
melades custom components and the recipe for which is found in Table 4. The bioreactor was
then set to the parameters defined in Table 3 to prepare for inoculation. The bioreactor was
then woculated with the volume, within a range of = 3%, of the tinal 300 L bioreactor culture
required 1o achieve a starting cell density of § x 10° cells/mL. The contents of the 2000 L

bioreactor were incubated for 11 days according to the conditions described in Table 5.
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During incubation, 1.0 M sodivm carbonate was added automatically to control pH. On Days

3, 6, and R of the production bioreactor run, bolus feeds of production medivm AFMO28-601

{Table 4) were made at 8% of the mutial culture. A 19 solution of simethicone was added (in

100 gram amounts) daily to the bioreactor as an antifoaming agent. Samples were taken daily

for emalysis, as described in Figure 1, inchuding samples before and afier bolus feed of

AFMO28-001. It the glucose concentration fell below 4.0 g/L, a 530% ghucose solution was

added to bring the concentration n the bioreactor to § g/L. The in-process testing for this

process step s described in Table 13,

Tabie 4. Production Bioreactor Medivm Recipes
Production medinm Component Concentration
ABMO025-004 WEFI QS

{Target pH: 6.9 £ 0.1)

ABMUOZS {custom mediom)

11.04 g/1.

ASMOO3 (custom medium)

7.68 g/

L-Tyrosine, Disodium, Dihydrate

i.18 g/l[;

L-Ghatamine

125 g/l

Sodium Bicarbonaie 1.2 g/l

Sodivm Chloride 1LON/A
Potassivm Chloride 1.0 gL
Diexirose 5.5g/L

Spermine Tetrabydrochloride (100
mbd}

100.0 pL/L

10 N Sodium Hydroxide

550.0 pl/L

# N Hydrochloric Acid

As needed

IGF-1 {1 mg/mlL) [added pre-filtration}

100.6 ul

AFMUO28-001

{Target pH: 6.8 + 0.1)

WFI 0s
AFMO23 {custom medivam) 11.1 g/L.
AFMO28 {custom medivam) 74.0 g/L.
L-Tyrosine, Disodium, Dihydrate 0.8 g/l

Sodium Bicarbonate 1.2 g/t

L-Ghatamine

3.0 g/l

10 XN Sodmom Hydroxide

4.0 ml/L

# N Hydrochloric Acid

As needed

Table 5. 2808 L Production Bigreacior Process Parameters
Parameier Set point Range
Temperature 36.5°C 36.0-37.0°C
Agitation 74 tpm 68-79 rpm
Pressure 2.0 psig 1.0-3.0 psig
pH 7.05 7.0-7.1
DO 48.0 nunkg 28.0-220.0 mmHg
(881557  Cell Culture Harvest Clarification and Filiration
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180156] At the end of the production bioreactor run, after sampling has been performed,
the bioreactor was chilled to 10-15°C, with the pressure adjusted to 8.0-12.0 psig. A wransfer
line was placed between the 2000 L bioreactor and a CSC-20 disk stack centrifuge
(Westfalia), along with an cutlet line from the centrifuge to a centrate collection tank. The
packed cell volume of the biorcactor contents was measured, and this value was used to
determine the shot interval value, which was incladed i the programnming of the centrifuge,
along with other parameters as shown in Figure 1. The line between the bioreactor and the
centrifuge was opened, and centrifugation was initiated. Once the centrifugation was
completed, the centrifuge bowl was flushed, and the product was chased to the centrate
collection tank with a selution of 25 mM Tris, 100 mM sodivm chloride, pH 7.4 (Tris-

buffered saline; TBS). Centrifugation operational parameters are sununarized in Table 6.

Tabie 6. Harvest Centrifugation Operational Parameters
Parameter Set point
Feoed Rate 12 LPM
Back Pressure 75 psig
Target Shot Mass 4.0+1.0 ke
Speed 3400 rpm

166187}  After centrifugation operations, the harvest pool was subjected to depth filiration
through parallel series of 2 filters. The first filter n each train was a Sartopore 2 (.2 ym
Maxicap cartridge (Sartorius; 1.2 m” membrane area) for sterilizing depth filtration. The
second filter was a Zeta Phus Maximizer 120ZA capsule (Cuno; 1.84 m” membrane avea) for
the purpose of reducing nucleic acid levels. After the filters were flushed with TBS, the
contents of the centrate collection tank were pumped through the filter trains nto a filtrate
collection tank according to the conditions shown in Table 7. Once the centrate was
completely transferred, 220 L TBS was added 1o the centrate collection tank, after which
100 L are pushed through each filter train into the filtrate collection tank. The filtration
process was completed by pushing air through each filter train, collecting the hquid in the
filirate collection tank. At the end of filiration, the filtrate pool was mixed in @ mamner which
avoids foaming. The filtrate pool was held at 2-8°C for no more than 72 hours, with samples

taken for analysis according to Table 13
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Tabie 7. Depth Filtration Operational Parameters
Parameter Set point
Flow Rate <123 LPM
Inlet Pressure < 30 psig
Sartopere Filter Pressure Differential < 2{ psig
Zeta Plus Filter Pressure Differcutial <20 psig
Filtrate Tank Agitation Moderate; nitiated after 300 L collected
Pressure Differential During Air Push <20 psig
Filtrate Pool Mixing Moderate; > 20 minutes

[B8158] Purification Process

[B8159]  The STM 434 downsiream purification process includes three column
chromatography steps, a low pH viral inactivation siep, a viral filiration step, and a final
formulation step using tangential flow filtration. All of the steps in this process were
performed at ambicnt temporature, except where specifically noted. Figure 2 depicts the
STM 434 purification process. For cach cell culture run, an rur of the purification process
was performed. The final formulation of STM 434 drug substance was 10 mM potassium
phosphate, 8.8% (w/v) sucrose, 0.006% (w/v) polysorbate 20, pH 6.7, at a target protein
concentration of 70 mg/ml.. The purification process includes two robust orthogonal metheds
for viral clearance using two model viruses (xMul.V and MMV,

{80168 Protein A Chromatography

{68161} Protein A chromatography was used to capture antibodies and Fe-fusion proteins,
such as STM 434, through the affinity of Protein A for Fe domains, The STM 434
purification process utilizes the MabSclect SuRe Protein A resin (GE Healtheare). The
Protein A affinity purification step provides extensive reduction of host cell proteins and
DNA, in addition to potential viruses. The operational parameters for the Protein A
chromatography step are described in Table 8. For the two ¢GMP purification runs, a column
with a resin volume of 39.3 L was utilized. Based on the 20 g/L. load density, the Protein A
step was run in cycles, the number of cycies and the volume of clarified celi colture harvest
loaded in cach cycle being determined by the total mass of STM 434 in the final clarified
harvest of cach of two bioreactor rums.

[68162] The Protein A column was prepared for the processing by flushing with
equilibration buffer (TBS). The first bolus of clarified cell colture harvest was loaded onto
the columm, followed by washing the columm with a minimum of 80 L of equilibration buffer.
The coluwmn was then washed with a minimum of 160 L of 25 mM Tris, 500 mM caicium

chloride, pH 7.5. This step was introduced to provide additional ¢learance of host celi DNA,
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The colunmm was then washed with a minmmum of 120 L of equilibration buffer to vemove any
residual calcium chloride. STM 434 was then ehuted from the colummn with 100 mM sodium
acetate, pi 3.6. The collection criteria, based on absorbance of the column efffuent, are
provided in Table 8. The elution pool was kept in a tank maintained at 2-8°C. After the
clution step, the column was stripped with a mintmum of 120 L of 100 mM phosphoric acid.
This cycle was repeated until all of the clarified cell culture harvest was consumed. Afier the
fast eycle was completed, the column was flushed with a mininunm of 40 L of equilibration
buffer, followed by a mindmum of 120 L of 300 mM sodium hydroxide to regencerate the
resin, The columm was stored 1n between runs in 2% benzyl alcohol, 58 M citrate, pH 5.0,

Multiple samples were collected from this unit operation as described in Table 13.

Tabile 8. Protein A Chromatography Operational Parameters
Parameter Set Point
Bed Height IS+ 2em
Maximum Load Density 20.0 g STM 434 per L resin
Flow rate < 6.6 LPM (target: 250 cm/hr)

(861631  Low pH Viral Inactivation

[86164] The combined Protein A pool was subjected to viral inactivation through the use
of low pH. The pool was brought to a temperature of 20 + 2°C, after which it was adjusted to
pH 3.6 £ 0.1 by the slow addition of 10% (v/v} acetic acid. The titrated pool was held at fow
pH for a 60-90 minutes. After the inactivation period, the pool was adjusted to pH 5.0 £ 0.1
by the slow addition of 2.0 M Tris base.

166165]  The viral inactivation pool was then passed through a filter train including three
different types of filiers. The first filter was a Millistak + HC Pod (Millipore; 1.1 m’
membrane area), which removes particles that may have formed during acid treatment. The
second filter in the train was the Sartobind Q (Sartorius; 1.98 m” membrane area), with three
30-inch capsules arranged in parallel. This ion exchanger serves to further reduee mucleic
acids and other negatively charged impuritics. The final filter was an Express SHC Opticap
XL 10 0.5 um/0.2 win capsule (Millipore; 049 m” membrane arca). The filtration was
executed at a flow rate ne greater than 6.6 L/mimute. The filtered viral imactivation pool
(FV1P) was coliected imto a tank. When the pre-filivation viral inactivation pool was near the
bottom of its holding vessel, the remainder was chased with a mintmum of 40 L of 50 ;M
sodium acetate, 70 mM sodium chioride, pH 5.0 into the FVIP collection tank, Multiple

samples of the FVIP were collected from this unit operation as described in Table 13,

oy
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[#0166]  For the first two ¢GMP runs the FVIP, reforred 1o as the drug substance
mtermediate (DSI), was stored in sterile 20 L Flexboy bags (Sartorius), and kept them at
=30°C. Portions of first lot of DST (Lot #0010039909) were stored in polycarbonate bottles
and stored at —30°C, to serve as stability saroples 10 assess the potential impact of long-term
storage on product guality. The results of 24 and 35 month stability studies indicate that the
guality of the DSI stored at -30°C for 35 months was retained throughout the storage period,
and that the DSI could be used to ovaluate suitability for use in cGMP drug substance
manufaciuring through the Demo DS ot

1861677 Cation Exchange Chromatography

[B8168] STM 434 DSI was fusther processed by the use of cation exchange
chromatography (CEX); this step was performed in flow-through mode using EMD Fractogel
SO3- resin (Merck). This step was developed for the reduction of host-cell DNA and
proieius, in addition to other potential impurities, and was also shown to be capabic of
increasing the level of more highly sialylated forms of STM 434, The operational parameters
for the CEX step are described in Table 9. For the two ¢GMP purification runs, a column
with a packed resin height of 21.5 em, corresponding to a column volume of 33.6 L, was
utilized. Bascd on the load density range of 75-125 g/L., the CEX step was run in an cycle.
881681  Prior to initiating chromatography operations, frozen STM 434 DSI was statically
thawed at 2-8°C for 4-6 days, followed by overnight storage at ambient temperature. The
CEX columm was prepared for use by first flowing a mininuam of three cohumm-volumes
{(CVs) of 50 mM sodiiem acetate, 500 mM sodium chloride, pH 5.0, followed by a minimum
of three CVs of 50 mM sodium acetate, 70 mM sedivm chloride, pH 5.0, The thawed

STM 434 DST was then lpaded onto the cohmmn, For the two ¢GMP purification runs,
different total volumes of STM 434 D5T were loaded onto the CEX column, each lot coming
from a different upstream process ron. The total volume of STM 434 DSI ot 0010839509 in
the first run was 260.6 L (22 Flexboys), for a total 3TM 434 mass of 2907 grams. The total
volume of STM 434 D8I ot (010039918 in the second ron was 294 L (25 Flexboys), fora
total STM 434 magss of 3376 grams.

881761  The collection of product-containing cluate was initiated by switching the cluate
flow toward a sterile collection bag through a sterile filter when the UV absorbance reaches
(.50 + 0.1 OD at 280 nm. After loading all the DST onte the column, the CEX columm was
then washed with 50 mM sodium acetate, pH 5.0, The collection of product-containing cluate

{CEX pool) continues unnl the UV absorbance reaches 8,50+ 8.1 OD at 280 nm. A
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minimum of three CVs of the wash buffer were flowed through the column prior 1o switching
back to 50 mM sodimm acetate, 500 mM sodium chioride, pH 5.0 1o strip the column,
followed by 4 miniowm of three CVs of 0.5 N sodium hydroxide for colomm sanitization,
followed by a minioumm of three CVs of 0.1 N sodium hydroxide for colomm storage. The
CEX pool was aseptically sampled for in-process testing as described in Table 13, and was

kept overnight at ambient temperature.

Tabie 9. Cation Exchange Chromatography Operational Parameters
Paramaeter Target Ranges
Bed Height 20+ 2 em
Load Density 75-125 ¢ STM 434 per L resin
Flow rate < 4.7 LPM (target: 250 cm/hr)
Pre-load pH pH 4.8-5.7 at 17-25°C
Pre-load Conductivity 9-11 mS/cm

{80171} Hydrophobic interaction Chromatography

{88172} The STM 434 CEX pool was subjected to hydrophobic interaction
chromaiography (HIC); this step was performed in flow-through mode using Phenyl
Sepharose FF High Sub resin {GE Healthcare). This step was developed for the reduction of
product aggrogates and other potential process impurities. The operational parameters for the
HIC step are described in Table 10. For the two ¢GMP purification runs, a colmun with a
packed resin height of 27.0 cm, corresponding to 8 coluwmn volume of 42.2 1, was utilized.
Based on the maximum load density of 50 g/L, the HIC step was performed in two cycles for
cach lot.

[88173] The CEX pool was prepared for the HIC step by conditioning the pool with a
diletion buffer consisting of 750 M sodivm sulfate, 250 mM sodiom acetate, 69.5 mM Tris
base, pH 10.5. The conditioning ratic was onc part dilution buffer per four parts CEX pool.
While the conditioned CEX pool was being mixed, the HIC column was equilibrated by
flowing a minimom of three CVs of 150 mM sodiam salfate, SO mM sodium acetate, pH 5.5,
Once the starting pH and conductivity of the columm effluent were met, as noted tn Table 10,
half of the conditioned CEX pool (HIC load) was loaded onto the columm. The coliection of
product-containing eluate (HIC pool) was initiated by switching the cluate flow toward a
collection bag when the UV absorbance reaches 0.2 + 0.1 OD at 280 nm. After loading the
entire HIC load onto the column, the HIC cohumn was then washed with 156 mM sodium
sulfate, 50 mM sodium acetate, pH 5.5. The collection of the HIC pool continued until the

UV absorbance reaches 1.50 4 0.1 OD at 280 nim, when the effiuent was switched back o
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waste collection. A mintmum of three CVs of the wash buffer were pomped through the
column, followed by a minimum of three CVs of 0.5 N sodium hydroxide to strip the colunm.
The columm was then washed with a minimum of three CVs of WFI 1o complete the first
cycle. During the regeneration steps, the first eycle HIC pool was mixed to ensure
homogeneity and then transterred through a sterile filter into a sterile bioprocess bag.
1668174}  Upon completion of the WF1 coluomn wash, the HIC equilibration process was
repeated, followed by HIC processing of the remaining balf of the HIC load as described
above. The second cycie HIC pool was oixed and then transferred through a sterile filter to
the bioprocess bag holding the furst eycle HIC pool. The combined HIC pool was kept at
ambient teroperature for overnight storage. The HIC column was stored in 0.1 N sodium
hydroxide by pumping 2 ninioom of three CVs through the columm after the 0.5 N sodm
hydroxide colummn strip. Multiple samples for in-process testing were cellected as described

in Table 13.

Tabie 18. Hydrophobic Interaction Chromatography Operational Parameters
Parameter Target Ranges
Bed Height W+l em
Maximum Load Density 50 g 8TM 434 per L resin
Flow rate <47 LPM
Pre-load pH pHS54-5.6at 17-25°C
Pre-load Conductivity 23-27 mS/em

[86175] Viral Filtratien

{88176} The combined HIC pool was filtered through a Planova 20 N filter (Asahi Kase
Bioprocess; 4.0 m” membrane arca) as an orthogonal viral reduction step. Prier to processing
the product-containing pool, the filter was leak-tested with an inlet pressure of

13.5-14.0 pstg. Upon passing the leak test, a 0.2 um Sartopore 2 capsule {Sartorius; 0.2 e
membrane area) was installed upstream of the viral filter, and this system was equilibrated by
flushing with 40 kg + 2 kg of 150 mM sodium sulfate, 50 mM sodiom acetate, pH 5.5,
according to the parameters listed in Table 11, After mixing and sampling the combined HIC
pool was pumped through the viral filter at a target pressure of 12 4 2 psig. The viral filtrate
was collected through direct connection of the filter train to a sterile bioprocess bag. Once
filtration of the combined HIC pool was completed, the residual product was chased from the
filter and transfer lines with no less than 16 kg of 150 mM sodium sulfate, 50 mM sodium
acetate, pH 5.5, After the run was complete, the 0.2 pm filter undergoes integrity testing

{using a bubble point test), and the viral filter was flushed with a minimom of 16 L of 0.25 N
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sodivm hydroxide, 0.5% (v/v) Triton X-100, followed by a minimum of 32 L of WEL
Following these flushes, the viral filter was subjected to gold particle testing to ensure pore
size distribution, followed by post-use leak testing. The viral filtrate was transferred to a
post-viral suite, which has the highest positive pressure in the facility and also a dedicated awr
handiing unit with no recirculated air, and was kept at ambient temperature. Samples for in-

process testing were collected as described in Table 13,

Tabie 11. Viral Filtration Operational Parameters
Parameter Set Point
Pre-use Leak Test (Viral Filter) 13.5-14.0 psig
Operating Pressure 12 £ 2 psig
Filter Loading Limit <325 L/m”
Equilibration pH pH 5.4-5.6 a1 17-25°C
Equilibration Conductivity 23-27 mS/crn
Post-use Integrity Test (0.2 um filter) WEFT bubble point > 46 psig
Post-use Leak Test (Viral Filter) 13.5-14.0 psig

{80177 Ulrafiltration/Diafiltration by Tangential Flow Filtration

{68178  The STM 434 viral filtrate was subjected to ultratiltration (UF) and diafitration
{DF) 1o achieve buffer-exchange and concentration of the drug substance to its final
formulation through the use of tangential flow filtvation (TTFF). Two critical sohitions were
used to obtain the formulated bulk drug substance. These solutions were: (1) 10 oM
potassium phosphate, 8.8% (w/v} sucrose, pH 6.7, and (2) 19 (w/v) Tween-20 (polysorbate
203, These solutions were prepared on an as-needed basis.

{68179  For the TFF step, four Pellicon 3 Ultrace! THF membranes (Millipore; 10 kDa
nominal molecular weight fimit; 1.14 m” merubranc arca cach) were used o process the
entirety of the viral filtrate in an cycle, based on a target load of 400 £ 50 g/m”. New
membranes were flushed with WFT untit the retentate conductivity went below its set point,
as described in Table 12, followed by flushing with 0.5 N sodium hydroxide until the
permeate flush volume reaches a minimum of 40 L. Aficr initial membrane flushing, and at
the beginning of TFF processing with used membranes, the base was flushed from the system
with WFT until the retentate and permeate conductivities go below their set point (Table 12).
After filter integrity testing was performed (using a normalized water permeability test),
sanitization was performed by pumping a minimuom of 40 L of 0.5 N soedium hydroxide
through the system, with the sanitization solution being held in the system for 1-24 hours.

After sanitization, the TFF system was again flushed with WFI until the retentate and
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permeate conductivities go below their set point (Table 12), along with the retentate flush
volome reaching a minimum of 40 L.

[661808]  To mnitiate STM 434 viral filtrate processing, the system was equilibrated with

10 mM potassium phosphate, 8.8% (w/v) sucrose, pH 6.7, Eqguilibration was complete once
the retentate and permeate pH reach the target range of pH 6.5-6.9, with a permeate flush
volome of no less than 20 L. The viral filtratc was mixed and sampled from the upper and
lower portions of the retentate container to measure protein concentration, to ensure complete
mixing and that the protein/surface arca ratic meets its target (Table 12). Protein
concentration by UF was then initiated, with the feed flow rate adjusted to achieve a
transmembranc pressure of 20 = 5 psig. When the retendate volume was reached that
corresponds to a protein concendration of 60 g/L, the retentate sampled from the upper and
lower portions of the refentate container to confirm the protein concentration. The retentate
was then subjected to DF against 10 diavolumes of 10 mM potassium phosphate, 8.8% (w/v)
sucrose, pH 6.7, After DF was complete, UF was resumed to bring the refentate concentration
1o a target of 105 g/L, based on the retentate volume that achicves this concentration. After
draining the retemtate side of the TFF system inte the retentate countainey, the system was
flushed with 5 L of 10 mM potassium phosphate, 8.8% (w/v) sucrose, pH 6.7, and the fiush
was added to the retentate container. After 10-15 minutes of mixing, samaples were taken
from upper and lower portions of the retentate for profein concentration measurement, o
ensure sufficient mixing and concentration of the product during the DF step. The retentate
was further diluted with 10 mM potassium phosphate, 8.8% (w/v) sucrose, pH 6.7 as
necessary o bring the final concentration to 70.0 = 3.5 g/, The final TEFF pool was sterile
filtered into a bioprocess bag for storage prior to final formulation and bulk fill. Retentate

samples for in-process testing were collected as described in Tabie 13.
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Tabie 12. Tangential Flow Filtration Operational Parameters
Parameter Set Point
Protein/Surface Area Ratio < 600 g/ vr’ (target: 400 + 50 g/u)
Transmembrane Pressure 15-25 psig
. 270 L per m” per hour
Feed Flow o C ;
o (LI
Retentate Conductivity (initial WFI flush) < 1000 pS/em

Retentate and Permesate Conductivity

NP . < 1000 uS/e
{post-NaQH flushes) = 1000 pS/em

Permeate pH A fter Equilibration pH 6.5-6.9
Conceniration Target at First Stage of Ultrafiltration 60 g/l

Diafiltvation Volume > 10 diavolumes
Concentration Target at Second Stage of 108 o/L
Ultrafiltration T

Concentration Target (final) 70.0+ 3.5 oL

#0181} Final Formulation and Fill of Drug Substance

168182} The final formulated STM 434 drug substance was prepared and filled following
the TFF step. A sufficient volume of 3 196 (w/v) sclution of polysorbate 20 is added io the
TEF pool to yviceld a final polysorbate 20 concentration of 0.006% + 0.003% {w/v). After
addition of the surfactant, the bulk drug substance was mixed for 10-15 minuies. The laminar
air flow bood in the fill suite was cleaned, and the fill equipment was set up, including the
Opticap XL5 0.22 pm filter capsule (Millipore; 0.35 m” membranc area). Prior to filiering the
final formmulated drug substance, the filter was flushed with 30 + 1 L of STM 434 formulation
buffer (10 mM potassium phosphate, 8.8% {w/v] sucrose, 0.006% {w/v] polysorbate 20,

pH 6.7) to saturate the membrane with polysorbate 20 and avoeid its removal from the
formulated drug sobstance. Following the flush with formulation buffer, the filter was flushed
with 340-360 g of the formufated drog subsiance, the flush being discarded. The remaining
formulated drug sobstance was then filtered into 10 L polycarbonate carboys, (o a target
volume of 5500 + 500 mL per carboy. The filter was integrity tested (using a bubble point
tost) following filtration. The final carboy can be filled with more than the target volume of
formulated drug substance, but not generally more than 8 L. Samples were taken for
in-process testing (for information only) and lot release testing, afier which the carboy
closures were secured at a torque setting of 86 in-1b. The carboys were labeled, and then
stored at —70°C.

[#0183] In-Process Monitoring During the STM 434 Purification Process

[B8184]  Samples were collected and evaloated during the purification processes as

described in Table 13.
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In-Process Monitoring During the STM 434 Purification Process

Step/Samples Tested
Protein A | Viral Viral
Test Parame chromatogr |Inactivati filtrati
Method ter Reported {Harvest japhy on {EX HIC o1 TFF
Frotein A HPLC |STM 434 Pepth §
conceniration filiraie
Protem ST™ 434 —i All eycles Fvie Load, |Both Filtrate {Retentn
Concenfration  |conceniration Combined Pool cyceles, te
by UV pool Pool
Absorbance
CHO HCP HCP content Depth Combimed FVIp Load, Pool
ELISA filiraie pool Pool
G-PCR for CHO |CHO DNA Depth Combined FVIP Load, Pool
DNA confent filirate pool Pool
Residual Protein |Residual Proiein - Frst & last  (FVIP Load, Pool
A ELISA A content cycles Pool
Combined
pool
TAMC by Bioburden Depth Cowmbined |FVIFP Load, Retenta
Membrane filirate pool Pool te
Filtration
TYMC by Biobueden | - - Load, Retenta
Membrane Pool e
Filtration
Racterial Eudotoxin Depth Cowmbined |FVIFP Load, Retenta
Endotoxin filtrate pool Pool e
Coutent {Kinetic
LAL)
Sizg Exclusion |Purity —iCombined |FVIP Load, {Boih Filirate |Retenta
HPLC pool Pool cvcles, e
Pool
CE-SDS, Purity —iCombmed |FVIP Load, HRetenta
Reduced pool Pool te
CE-SDS, New-  |Purly FVIP Load,
reduced Pool
iclBF Pority { - —{Load, |Both Retenta
Pool cycles e
Pool
Sialic Acid Pority { - —{Load, |Both
Countent Pool cycles,
Pool
CE-SIS = sodium dodecyi sulfate capillary electrophoresis; CEX = cation exchange chromatography,;
CFY = colony forming wuit; CHO = Chinese haraster ovary; BLISA = enzyme-inked inmnunosorbent assay;

FVIP = filtered viral inactiva

tion pool;, HCP = host cell protein; HIC = hydrophobic interaction

chromatograply; icIEF = imaged capillary isoelectric focusing; LAL = Limulus amebocyte Iysate; Q-PCR =

quantitative polymerase chain reaction; TAMC = total acrobic microbial couni; TFF = tangential flow filtration;
TYMC = total yeast and mold count
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[B0185]  Process Step and Overall Yields
[68186]  The individual step yields for the STM 434 ¢cGMF drug substance manufacturing
runs are provided in Table 14, Overall, the process was reproducible and provided sufficient

material for Phase 1 clinical trials.
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Table 14, STM 434 Step and Overall Yield Caleulations
DS Lot (6810039909 DSI Lot 8616039919
Step Total  [Step

Unit gperations Concentration  |{Total Protein|Yield Volume |Concentration Protein | Yield

performed by Amgen  {Veolume (L} |{2/1) g} (%)™ {L} {g/L} {2} {Ta)y*

Harvest Media 1653 235 138846 i 1790 264 147256 X

Harvest Depth Filirate {1730 206 135628 92% 1820 236 |42952 %1%

Protein A
Cliromatography 2162 15.2 {32862 G92% 1615 236 (38114 (B9%*
Load*

Protein A PN Amor A e e . A mas
»\ ) 216.2 152 {3286.2 100% 2259 157 |3546.6 183%
Chromatography Fool

Filtered Viral " 5 as o NaE G y oy
Tnactivation Pool (DSE) 289.8 11.2 {32458 99% 296.9 11,6 |34440 97%

Overall Yield*{84% Orverall Yield*{73%
) . £ Ay DS Lot 13-8867 (from D8I Lot
< . o ¢
DS Lot 13-0866 {fromm DSI Lot $81H0399409) 0016039919)

Unit operations Step Total Step
performed by CMC Concentration  [Total Protein |Yield Volume {Concentration Protein | Yield
Bislegics Vehumme (1} [{g/l) {2} (o)™ {L} {g/L) {g} ()

CEX Load (equivaleti 10 14 o 11.256 120254 294.2 11472 33751
118 . .

CEX Pool 2693 8.844 123817 S1% 302.8 9405 28478 i84%

HIC Load {condinoned : . - :

' 388 7.038 12384.5 100% 377.5 7107 (26829 194%
CEX Pool) 338. 038 4 00% 377.5 710 682.9 194%

HIC Pool 4427 4,882 (21613 91% 491.7 5.067 (24914 193%

7ival Filtrate/ - . v ang |-

Lo U IETTER g 4535 120739 96% | 15043 4906 24741 199%

TFF Pool 28.0 67416 {18876 91% 36.7 67.788 |2487.8 {101%
. DulkDrug 28060 68,800 1319305 102% | [36.640 70300 25758 1104%
Substance

Overall Yield by CMC Biolegics™*{66% Overall Yield by CMCL Lo,

Biologics®™*

*Yield perceniages reported for Aragen are based ou the ruitial nput of cell culture harvest for eacht
wanufacturing o, The difterences in the two runs are due to different bioreactor vields, and Amgen’s decision
to limit the Protein A chromatography step to five cyeles while maintaining the target protein loading

parameters.

**¥ield percentages reported for CMC Biologics are based on the initial input of DSI, the available

volumes of which were different for each manufacturing run. The DSI concentration valnes reported in this
section of the table are those determined by CMC Biologics.
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Example 2: Description of Manufacturing Process and Process Controls

166187} The formulated bulk drug substance was shipped frozen for aseptic processing to
unlabeled drug product, which was then shipped for labeling, packaging, and distribution to
clinical sites, Each STM 434 Tnjection lot includes a mrintmunn of 7000 filled vials available
for use in clinical trials. A process flow chart for the final drug product process is shownin
Figure 3.

#0188} Preparation of Components and Equipment

[60189]  The vials were removed from the glass manufacturer’s packaging and washed
with hot Water for Injection {WFID). Washed vials were then placed in covered, stainless stoel
trays and depyrogenated in 3 dry heat-sterilizing oven. The sterilizing oven air was
HEPA-filtered. Stoppers were washed and rinsed with hot WFI, followed by sterilization and
drying in an avtoclave. All sterile/depyrogenated components were stored in a confrolied
environment before use.

8819081  An overkill approach was used in developing and validating steam steribization
eycles. The cyeles used provide a sterility assurance level (SAL) of at least 1 x 107°. The
dry-heat depyrogenation cycles used provide a mimimum 3-log reduction in endotoxin,
(80191 Manufacturing Process

(38192  In-coming material controls included identity testing and confirmation of the
acceptability of the formulated bulk drug substance certificate of analysis. STM 434 drog
substance was thawed statically (for no less than 7 days) at 2-8°C and held at this teomperature
for further processing. Material was moved to the operational area and allowed 1o equilibrate
to room temperature (30-60 minutes). For a typical bateh, 2 carboys, containimg 5.5 L cach,
were pooled mte a 13 L glass carboy and mixed for no less than 10 minuates at 300 rpm. A
sample was collected for bioburden testing. Pooling and mixing operations occur in an 1ISO

=
/
/

Class 7 (formerly FS200E Class 10,000) controlled environment area. The container of
pooled formulated bulk solution was then transferred in preparation for product filter
sterilization. This pooled container was connected to the autoclaved filter assembly. The filter
assembly [tubing] was also comnected to the filling surge vessel. The solution is sterilized by
membrane filiration through two sterilizing grade filters, used in series, with a pore size
rating of .22 wm. The membrane tilters were sterilized and integrity tested (using 2 bubble

oint test) before and after use. Samples were tested according to written specifications.
g =3
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1668193}  The filling surge vessel containing the sterile pooled formulated bulk sobution was
then aseptically conmected to the filler;. The sterile pooled fornuslated bulk solution was
aseptically filled into the sterile, depyrogenated vials. Sterile stoppers and scals were then
placed on each vial within the RABS unit. The filling operation was performed by suitably
gowned and trained operators. These operations were designed, equipped, and operated to
provide covironmental conditions suitable for aseptic product processing.

166194]  Fill weight checks were conducted during the filling operation. After vials were
filled, stoppered and scaled, they were all inspected to enswre no extraneous visible particles,
precipitate, visible contamination, evidence of spillage, vial breakage, or unacceptable
stoppers ot seals. Additionally, a statistical sampling of the entire lot of vials was performed
and inspected by the quality unit.

[60195]  Sample vials were collected at this point for QC testing. All acceptable vials were
placed in quarantine storage at —20 + $°C 1o ~70 = 10°C.

[88196]  Controlled environment areas were maintained under positive pressure with
HEPA-filtered air to reduce the possibility of airborne contamination. The performance of the
filters was periodically monitored. Acecess to filling rooms was restricted to persomel
associated with the filling operation who have completed the necessary training in aseptic
operations.

381971  During aseptic operations such as filling and stoppering, the ISO Class §
environment was monitored for microbial content and non-viable particulate content.
Appropriate action and alert levels were established for both viable contaminants and
non-viable particulates to ensure appropriate guality of the filling environment air and
mmportant surfaces.

[B0198] Media Fill Validation

(68199 Media fills that siowlate filling operations were conducted at routine intervals (6
months) to provide additional assurance of aseptic processing capability of staff, facility, and
equipment. Media fills were conducted per approved protocol.

[60286]  Data from process simulations {media fills) that serve to validate the specific
filtration, filling, stoppering, and capping processes used in the manufacture of the drug
product, included but are not limited to, notation of filling room, container closure type and
size, volume of media, type of media, number of units filled, duration of filling and holding
periods, number of units ncubated, number of units positive, incubation parameters, date of

media filf, process interventions, microbial monitoring, and process parameters.
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[662681) Media fill sample vials were imitially Swirled/Inverted to ensure that the TSE has
been in contact with all of the mternal surfaces, the containers were incubated upright for 7
days (not less than 168 hours) at 20° 25°C, followed by mcubation at 30°-35°C inverted for
an addifional 7 days (not fess than 168 hours}. After incubation, compendial (USP) Growth
Promotion Testing was performed on representative samples of the media vials. Failure of the
post-incubation growth promotion test vesults in the invalidation of a media £l ron. All
media fills runs that are aborted or invalidated were followed by an investigation. Process
simulations were designed to tncorporate worst-case and/or challenge conditions. A
bracketing concept was applicd for the definition of worst case container closure
combinations. The definition of the worst-case formats was based on vial volume,
dimensions, aperture, and the complexity of the process (ie, hiquid or freeze-dry).
Frecze-drying processes can be representative for liquid processes as a result of the higher
complexity of a lyophilization process. Routine interventions were performed in cach media
fill

1#0282] Labeling and Packaging (Primary Container)

166283} Following fill/finish operations, the STM 434 Injection vials were placed in
paperboard cartons for intermediate storage. The cartons were labeled with product-specific
and lot-specific information and then placed in frozen storage. These cartons of vials were
shipped at ~70 + 16°C, and the vials in the cartons are stored at ~20 + 5°C. The labeling
operation occwrs in a room-temperature suite. Small batches of vials were brought to the suite
and labeled within 12 hours then refurned to ~20 £ 5°C. Each vial was prepared for labeling
by wiping residual condensation from the exterior, and then affixing the label

682841 Printed components were inspected to assure the content was appropriate per the
master label. Upon completion of the inspection, the labels were released for use on primary

containers, Approved written procedures were used for labeling and packaging processes.

Example 3: Batch Formula for §TM 434
[66285] STM 434 Injection was formuolated as 70 mg/mL STM 434, 10 mM potassium

phosphate, 8. 8% (w/v) sucrose, 0.006% (w/v) polysorbate 20, pH 6.7, Each 5 mL vial was
nominally filled with no less than 1.0 mL STM 434 drog substance. For each of the first two
cGMP batches of STM 434 Injection, 11 L of STM 434 drug sebstance was recetved from
CMC Biologics to exccute drog product manufacturing. This volume 18 used in Table 155 o
define the amount of cach component per batch.

[66286]  Table 15, Components of STM 434 Injection and Typical Batch Size
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Apwount Amount
Ingrediont Grade per mbL per Bateh (31 L)
STM 434 S-SPEC-QA-002 70 mg 770 grams

Potassium Phosphate
Monohasic

NF, Ph. Eur.

3.714d mg

7.854 grams

Potassium Phosphate Dibasic

USP, Ph. Eur.

0.827 mg

9,097 grams

Sucrose

NF, Ph. Eue, BR, IP

88.0 mg

968 grams

Polysorbate 20

NF, Ph. Eur., BP

0.06 mg

0.66 grams

Hydrochloric acid

NF, Ph. Eur,, BP

Asneeded

As needed

Water for Injection

USP, Ph. Eur.

g.8. to target
weight

q.8. to target
weight

Example 4: STM 434 Study Protocol,

166267]

STUDY OBJIECTIVES

[66268]

The primary objective of the study s to define the maximumm tolerated dose

(MTD) of STM 434 administered as monotherapy or in combination with liposomal

doxorubicin chemotherapy in subjects with ovarian cancer or other advanced solid tumors,

180289]  The sccondary objectives are as follows:
® To define the recommended Phase 2 dose (RP2D) in the event there is no MTD
® To assess the incidence of adverse events (AEs) and clinically significant changes

in laboratory tests, electrocardiograms (ECQs), and vital signs doring therapy with

STM 434
® To assess the incidence of anti-STM 434 antibody formation
s To collect pharmacokinetic (PK) data during therapy with STM 434
® To collect ECG data during therapy with STM 434
® To collect preliminary antitemor efficacy data doring therapy with STM 434
® To assess the relationship between antitumor efficacy data and each of the

following: serum activin A, tumor INHBA/ACVRZE mRNA levels, and clear

celVendomeirial/granclosa tumor motation status

® To collect lean body mass, fat mass, bone mineral density (in subjects withowt

bone metastasis), lipid profiles, fasting glucose, fasting jnsulin, horaeostatic model

assessment (HOMA), hemoglobin Alc (HbAlc), and 6-ninute walk distance during
therapy with STM 434
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® To collect baseline and on-treatment data for biomarkers (such as cancer antigen-
125 FCA-125], prostate-specific antigen [PSA], carbohydrate antigen 19-9 [CA 19-9],
carcingembryounic antigen [CEA])}, activin A, follicle stimulating hormone (FSH),
estradiol, and testosterone
[80218]  The exploratory objectives of the study are 10 asscss the relationship between PK
parameters and PD parameters, body weight, body surface area, lean body mass, fat mass,
appendicular lean mass, bone mineral density (in subjects without bone metastasis), lipid
profiles, fasting glocose, fasting msulin, 6-minute walk distance, anti-drag antibody
formation, biomarker, and ECG data,

[B80211] STUDY DESIGN

[G02121  This is a nulticonter, open-fabel, single-arm study o adult subjects with ovariag
cancer or advanced solid tumors. The study will be conducted in three parts, as described
below. An outhine of the study procedures are shown in Table 16,

[80213] Partl of the Study

{68214} Part | is an open-label dose-escalation study incorporating a 3+3 design in
subjects with advanced solid tumors. A total of 15-30 subjects will be cnrolled in 5 planned
sequential dose cohorts to evaluate the safety, tolerability, and PK profiles of IV STM 434 at
5 dose levels (0.25 mg/kg IV, 0.5 mg/kg IV, T mg/kg IV, 2 mg/kg IV, and 4 mg/kg TV). In
the absence of a safety signal during the dose-limiting toxicity {BLT) assessment window,
STM 434 will be escalated in the planned 100% dose tocrements. i a safety signal (&> 2
clinically significant STM 434-related Grade 2 AEs or one STM 434-related Grade 3
toxicity) is observed, all further dose escalations between cohorts will oecur in < 50% dose
mcrements and an additional appropriate dose level or levels may be studied to avoid
excessive toxicity. Each dose level will be evaluated sequentially, and each dose cohort will
consist of 3-6 subjects (the mumber will depend on whether DL TS are observed).

[88215] Dose cscalation from one cobort to the next will be determined by the sponsor in
conjunction with the investigators and will be based on treatment-emergent AEs, clinical
laboratory data, physical examination findings, nchiding vital signs, ECGs, and available PK
data after all 3 subjects within a cohort have completed 28 days of treatment. Dose escalation
will occur if the subject ncidence of DLTs or STM 434-related serious ABs (SAEs) during
the first 28 days of study treatment 18 < 33%.

[66216]  In a given cohort, if none of the 3 subjects experience a DLT during the 28 days

from the initial administration of STM 434, then dose escalation will occur, and 3 subjects
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will be enrolled in the cohort at the next dose level. However, if > 2 clinically significant
Grade 2 8TM 434-related AEs or one 5TM 434-related Grade 3 AE is observed, all further
dose escalation will be reduced to < 50% dose increments. 1 1 of the 3 subjects in a eohort
experiences a DLT, 3 additional subjects will be envolled at the same dose level. Ifonly 1 of
6 subjects within a cohort experiences a DLT or STM 434-related SAE during the fivst 28
days of treatment, the next cohort may begin enrollment. It a DLT 15 observed, all further
dose escalation will be reduced to < 50% dose increments. I 2 or more of the 6 subjects
within a cohort experience a DLT or STM 434-related SAE during the first 28 days of
wreatment, this dose will be considered the toxic dose. Dose escalation may proceed ata
fower dose or less frequent schedule based on emerging toxicity, PK, or PD data, until the
MTD is determined. Doses higher than 4 mg/kg every 4 weeks may be explored if the
observed PK data are below predicted levels.

1902177 Part2 of the Study

[B8218]  Part 2 is an open-label study, designed to obtain additional safety and exploratory
cfficacy data in subjects with advanced ovarian/endometrial clear cell, granulosa, and
ovarian/fallopian tube/primary peritoncal serous tumors. A total of 24 subjects will be
enrolled in 2 cohorts in this portion of the study. One cohort will inclode 6 subjects with
clear cell adencearcinoma and 6 subjects with granulosa cell tumors; the second cohort will
inclode 12 subjects with serous tumors. All subjects will receive IV STM 434 at the RP2D.
Earoilment in Part 2 is contingent upon cstablishment of the RPZD in Part 1.

[80219] Part 3 of the Study

[#0228]  Part 3 is an open-label dose escalation study of STM 434 in combination with
liposomal doxorabicin chemotherapy incorporating a 343 design n subjects with ovarian,
fallopian tube, or primnary peritoneal cancer who have received prior treatment with a
platimim-based chemotherapy regiimen or are unable to receive platinum-based
chemotherapy. After Part 1 1s completed and the RP2D is established, 612 subjects will be
enrolled in Part 3. Parts 2 and 3 will enroll subjects concurrently. Sabjects in Part 3 will be
evaluated in 2 dose cohorts of 3-6 subjects each (the number of subjects per cohort depends
on whether BLTs are observed). One cohort will receive STM 434 at one dose level below
the RP213 and the second cohort will receive STM 434 at the RP2D; both cohorts will receive
liposomal doxorubicin at 40 mg/m”,

[80221]  For both cohorts, subjects will receive an mfusion of liposomal doxorubicin prior

to receiving STM 434, Laboratory studies, including multigated acquisition (MUGA) scan,
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will be evaluated before each administration of Hposomal doxorubicin. If needed, dose
reduction from 40 mg/m” to 30 mg/mt’ can be implemented according to the toxicity
management guidelines.

166222}  The safety, tolerability, and PK profiles of STM 434 when administered
concomitantly with liposomal doxorubicin will be evaluated. The lower dose of STM 434
(ie, one dosc level below the RP2D) will be evaluated first; dose escalation will be
determined by the sponsor in conjunction with the investigators and will be based on
treatment-emergent AEs, chinical laboratory data, physical examination findings inchiding
vital sigus, BCUs, and available PK data after all 3 subjects within the cobort have completed
28 days of therapy using the 343 design outlived for Part 1.

1862231 Dose Limiting Toxicitics

[60224] A DLT will be defined as any related Grade = 3 (according to the Common
Terminology Criteria for Adverse Events [CTCAE], version 4.03) non-hematologic toxicity
{excluding unrelated toxicitics), or any Grade > 4 hematologic toxicity lasting 7 days, febrile
neuiropenta, or Grade 3 thrombocytopenia with active blceding.

[668225] A subject experiencing a DLT who wishes to resume therapy with STM 434 may
do so at the discretion of the investigator when the toxicity has resolved to CTCAE Grade <
or baseline vabues, and if the subject has not experienced disease progression.

(80226 Maxionnan Tolerated Dose

[80227] The MTD is defined as the highest dose level with a DUT incidence < 33% of
cohort subjects.

[80228] Recommended Phase 2 Dose

(80229 The RP2D will be defined in consideration of the MTD, PK, pharmacodynamic
biomarker and antitirmor response data,

(66238} Randomization and Blinding

[66231]  This is an open-label, non-randomized, non-blinded study. Subjects will be

assigned 1o a dose cohort in the order in which they qualify for the study.
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86232] SUBJECTSELECTION CRITERIA

1862331 inclusion Criteria

166234] A subject will be considered cligible to participate in this study if all of the
following inclusion criteria are satisfied:

1. Males and postmenopausal fomales > 18 years ofage

2. Advanced solid tumors with histologic diagnosis confirming cancer

3. Subjects with recurrent metastatic or locally advanced discase considered refractory
or intolerant to all siandard treatment available for their turnor, or those with tumors
for which no standard treatment is availabic

4. Suobjects with serous ovarian/fallopian tube/primary peritoneal, granulosa cell tumors
or clear cell tumors considered platinom refractory/resistant, defined as having at least
one prior platinum-based chemotherapeutic regimen with 2 subsequent platinum-free
interval of << 12 mounths, having progression during plativum-based therapy, or having
persistent disease after a platinum-based therapy, are cligible. Intolerant sabjects,
defined as unable to receive further platinum due to toxicity, are eligible.

5. Measurable disease using Response Evaluation Criteria in Solid Tumors (RECIST
1.1) criteria
6. Hastern Cooperative Oncology Group (ECOG) performance status of 0 or 1

7. Able to walk at least 30 meters without assistance from another person (use of
assistive devices such as a cane or walking frame 18 allowed)

8. Willing and able to provide written informed consent
5. Postmenopaosal females must meet one or more of the following:
a. 12 months of spontanecus amenorrhea
b. 6 months of spontancons amenorrhea with FSH > 40 1U/L
¢. Post-surgical bilateral oophorectomy with or without hystercctomy
[68235]  For Part 2 of the stady, the following additional inclusion criteria must be met:
10. For Cohort 6, subjects must bave platinum refractory/resistant/iniolerant (as defined
in inchision criterion #4) ovarian/endometrial clear cell carcinoma and ovarian
granulosa cell tumors
11. For Cohort 7, subjects must have platinum refractory/resistant/intolerant (as defined
in inclusion criterion #4 serous ovarian/fallopian tube/primary peritoneal cancer

[80236]  For Part 3 of the study, the following additional inclusion criterion must be met:

12. For Cohorts 8 and 9, subjects must have advanced platinum
refractory/resistant/intoferant (as defined in inclusion criterion #4) ovarisn/fallopian
tube/primary peritoncal cancer
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1862371 Exclusion Criteria

[66238) A subject will not be cligible to participate in the study if any of the following
criteria are met:

1. Concurrent serious uncontrolied or unresolved medical condition, such as infection,
fimiting protoco] compliance or exposing the subject to extreme risk

2. Unresolved toxicities from prior anti-cancer therapy, such as motor or sensory
neuropathy, with a CTCAE (version 4.03) Grade 2 2 with the exception of alopecia

3. History of gastrointestinal bleeding within 6 months of Cycle 1 Day |

4. Presence of QTcF > 470 msec, history of hereditary prolonged QT interval, or any
arrhythmia (such as bundie branch blocks) that would preciude asscssment of the
QT inderval

N

Myocardial infarction, unstable angina within 6 months of Cycle 1 Day 1, or
congestive heart failore New York Heart Association = class I}

6. Elevated liver function tests, including total bilirubin > 1.5 « the upper limit of
normal (ULN; unless subject has documented Gilbert’s disease), aspartate
anunotransferase (AST) or alanine aminotransferase (ALT) > 3.0 x ULN (for subjects
with known liver metastasis, AST or ALT > 5 x ULN)

7. Creatining > 1.5 » ULN and an cstimated creatinine clearance of < 60 mi/min {using
the Cockeroft-Gaalt equation)

8. Hemoeglohin < 9 o/dL; platelet < 100 = 10°/L (must not receive transfusion within
4 weeks of Cycle 1 Day 1); absolute neutrophil count (ANC) < 1.5 x 107/L (without
granulocyte colony-stimulating factor support within 2 weeks of Cycle 1 Day 1)

8. Chemotherapy, hormonal therapy, or radiation therapy within 3 weeks of Cycle 1 Day
1 (Note: subjects taking ongoing gonadotropin releasing hormone therapy are
cligible)

10. Antibody/biologic therapy within § half-lives or 4 weeks (whichever is longer) of
Cyele 1 Day 1

11. Major surgery within & wecks ot minor surgery within 4 weeks of Cycle 1 Day 1
12. Current bowel obstraction (those with a history of bowel ¢hstruction are cligible)
13. Brain metastasis

14. Presence of ascites or pleural effusion requiring frequent (more than 1 % per week}
medical intervention

15. Presence of portal-venous shunt device or hisiory of extensive hepatic resection {more
than one segment)

16. Known human inmmmodeficiency virus (HIV) infection
17. Active Hepatitis B or C infection

18. Prior treatment with any investigational product within 4 weeks of Cyele | Day 1
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. History of epistaxis requiring medical or surgical intervention {such as nasal packing}

Female of childbearing potential, or male with a female partner of childbearing
potential, vinwilling to use a highly effective method of contraception (le, one that
results in pregnancy less than 19 per year) when used consistently and correctly, such
as implanis, injectables, combined oral contraceptives, some infrauferinge
contraceptive devices, sexual abstinence, or a vasectomized partner. Men unwilling to
use a highly effective contraceptive measure during their participation in this study
with female partners and/or umwilling to refrain from donating sperm while
undergoing treatment with STM 434 and for 3 months after the last dose
administration.

. Women who are breast-feeding

within 6 months of Cycic 1 Day 1

2. History of central nervous system haemorrhage

3. History of bleeding diathesis or known qualitative platelet defect (including

von Willebrand discase)

. History of heredity hemorrhagic telangiectasia (HHT, Osler-Weber-Rendu syndrome)

Y. Ongoing need for chronic use of aspirin or antiplatelet agents (ticlopidine or

clopidogrel}; if aspirin/antiplatelet agents are discontinued during screening, the
washout period must be > 2 weeks

[66823%9] For Part 3 of the study, subjects will not be eligible if they meet any of the

following additional exchusion criteria:

26.

Hypersensitivity reactions o a conventional formulation of doxorubicin HCl or the
components of liposomal doxorubicin

. Cumuilative dose of prior doxonibin HCL > 300 mg/m®, or cumulative dose of prior

epirubicin > 500 mg/m’

28, Decreased cardiac ejection fraction less than the lower imit of normal by a MUGA

scan of an echocardiogram (BECHQ) within 30 days of Cycle 1 Day 1

(882487 Subject Withdrawal Criteria

382411 A subject may withdraw prior to completing the study for any of the following

Withdrawal of consent by subject

Occurrenice of 8 DLT or other AE that prechides further participation

Sustained side effects related o STM 434 and/or liposomal doxorubicin {for Part 3
only} that do not return to CTCAE Grade 1 or less with appropriate medical

manageraent within 30 days. A subject can be discontinued from the study if an
individual clinically important toxicity (duc to cither STM 434 or liposomal
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doxorubicin) continues for more than 30 days without returning to CTCAE Grade | or
less.

®  Subject’s significant non-compliance with the protocol

e Subject chooses to take a prohibited treatment, such as use of an investigational
medications or device

»  Worsening of clinical conditions, which, in the opinion of the investigator, requires
immediate, specific medical treatment

s Farly closing of the study by the spousor

$0242] TREATMENT WITHINVESTIGATIONAL PRODUCT

$#0243] Description and Handling of Studyv Drug

$8244] Formulation

$02451  STM 434 1s fornmlated as a sterile agueous sohution intended for IV
administration, containing 70 mg/mb STM 434, 10 mM potassiumm phosphate buffer, 8.8%
{wiv} sucrose, and 3.006% {(w/v) polysorbate 20 at pH 6.7,

[88246] Packing and Labeling

{68247  Formulated STM 434 solution 1s packaged imto S-mL. glass vials {with a target fill
volame of 1.2 ml to debiver 1.0 mb), with 13 mum fluoropolymer stoppers and 13 vum seals.
Each vial is intended for single-use.

[60248] Storage and Haodling

[80249] Vials of STM 434 are stored in 8 non-frost-fres freezer at a tomperature of ~20°C
{# 5°C). The product should be stored according to the information provided on the label
[80238]  Prior to use, the product should be thawed overnight in a refrigerator at 2°C to
8°C; the product may be held at this temperatore for up to 7 days. Exposure to higher
temperatures and vigorous shaking of the vial should be avoided because these conditions
may lead to a loss of 3TM 434 potency and structural integrity. Once thawed, the product
should not be refrozen.

166251}  Refer to the Pharmacy Manual for any additional storage, handling or updated
stability data of the study drug supply.

1862521  Administration of Study Drug

1602531 STM 434

[#0254] STM 434 will be administered at a dose planned for each cohort, as specified
below.
[#0255]  In Part 1, the planned dose cohorts are ag follows:
s Cohort 11 0.25 mg/kg STM 434 iV every 4 weeks
72
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e Cohort 2: 0.5 mg/'kg STM 434 1V every 4 woeks
e Cohort 31 1 mg/kg STM 434 1V every 4 wecks
e Cohortd: 2 mg/kg STM 434 1V every 4 wecks

e Cohort 51 4 mg/kg STM 434 1V every 4 wecks

[80256] In Part 2, the planned dose ccohorts are as follows:

e  Cohort 61 STM 434 at the RP2D TV cvery 4 wecks to 6 subjects with clear ccll
adenocarcinoma and to 6 subjects with granulosa cell fumors

e  Cohort 7: STM 434 at the RPZE IV every 4 woeks to 12 subjects with serous ovarian
twnors
[86287]  In Part 3, subjects will receive both STM 434 and hiposomal doxorubicin, Subjects
will first receive the doxorubicin infusion; after completion of this infusion, subjects will then
recetve 1V STM 434, The planned dose cohorts for Part 3 are as follows:

=  Cohort 8: STM 434 at one dose level below the RP2D 1V + liposomal doxorgbicin
{40 mg/m” V) every 4 weeks

»  Cohort 9 STM 434 at the RP2D IV + liposomal doxorubicin {40 mg/m” 1V) every
4 weeks

1#0258] Subjects in Parts 1, 2, and 3 will be treated with STM 434 until discase
progression, onless anvnacceptable toxicity is observed. Disease progression will be based
on radiographic measwrements according to RECIST 1.1 criteria or tumor marker
measurements.
682581  Subjects in Part 3 may continue to receive STM 434 if liposomal doxorubicin is
withheld or discontinued for any reason other than a DLT observed during the first 28 days of
combination treatment. Dose modification and adjustment for liposomal doxorubicin will
follow the Prescribing Information for this product. The maximum number of liposomal
doxorubicin cycles that will be administered is 6.

(88268 Liposomal Doxorubicin

[60263]  Subjects i Part 3 (Coborts 8 and 9) will fivst reccive a liposomal doxorubicin (40
mg/or’) infusion; when this infusion is completed, subjects will then receive their IV dose of
STM 434,

[80262] Doses of liposomal doxorubicin up to 90 mg are to be diluted in 250 mL of 5%
dextrose solution (D5W), Doses > 90 mg should be diluted in 500 mL DSW, The first
infusion of liposomal doxorubicin should be administered at a rate of 1 mg/minute. fno

infusion reactions are observed, subsequent infusions may be administered over 1 hour.

\‘J
[N



WO 2015/192127 PCT/US2015/035818

662631  Antiemctics for chemotherapy with moderate emetogenicity should be prescribed
according to mstitutional guidelines.

186264  Duration of Treatment

[68265]  Screening will begin up to 14 days prior to dosing {(Cycle 1 Day 1), with the
exception that radiographic scans can be collected within 30 days prior to starting the first
dose of study medication. Subjects in Parts 1, 2, and 3 will be treated with STM 434 until
disease progression, unless an unaceeptable toxicity is observed. Disease progression will be
based on radiographic measurements according to RECIST 1.1 criferia or tumor marker
measurements. ¥ CA-123 is used as the tumor marker measure, the results will be evaluated
with the Gynecologic Cancer Intergroup (GCIG) consensus guidelines, If PSA is used as the
tomor marker measure, the results will be evahiated with the Prostate Cancer Working Group
(PCWG) consensus guidelings,

[88266]  Subjects in Part 3 may continue to receive STM 434 if liposomal doxorubicin is
withheld or discontinued for any reason other than a DLT observed during the first 28 days of
combination treatment,

B0267] LEFFICACY AND SAFETY ASSESSMENTS

|
[38268]  Each efficacy and safety variable 1s deseribed below.,
(80269  Pharmacokinetics
[89278] STM 434 levels in blood samples will be determined by a contral laboratory. The
following STM 434 PK parameters will be estimated from blood levels using standard
noncompartraental pharmacokinetic methods:

e Terminal half-life ()

e (learance (CL)

e Mean residence time (MRT)

o Vohume of distribution (V)
o Vohune of steady state (V)
[80271]  In addition, for subjects in Part 3 (Cohorts 8 and 9), who will receive Hiposomal
doxorubicin in addition to STM 434, bicod samples will be collected and sent to 2 contral
laboratory for determination of doxorubicin/doxorubicino! levels. PK parameters, as above,
will be estimated.

[80272] Efficacy Asscssments

[868273] Radiographic Tumor Progression
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[66274] Radiographic nmmor progression will be determined by the investigator’s
asseasment using RECIST 1.1 oriteria based on CT (or MRI) and bone scan (subjects with
bone metastases only). The selection of CT or MRI modality will be per the investigator.
Target lesions (if present, up to 5 per subject) will be measured at bascling and fracked
throughout the study. Duration of radiographic response will be recorded as the time from
initial observation of an objective radiographic response until the date of disease progression
or death. Radiographic progression free survival will be recorded as the time from Cyele |
Day 1 until the date of radiographic disease progression or death.

180278]  Body Composition

#6276} Lcan body mass, appendicular lcan mass, and fat mass, and fat distribution
{visceral and subcutancous) will be determined by DXA as detailed in the Radiology Manual
DX A scans will be analysed by the central radiology laboratory.

[$0277] Muscle Function Test: 6-Minute Walk Test

[80278]  Description

{38278 The 6MWT measures the distance the subject covers when walking on a flat
surface over a G-mimite time period. In this study, the 5SMWT will be performed in
accordance with guidelines from the American Thoracic Society {ATS). These guidelines
were developed for patients who may have concurrent heart or lung morbidities and have an
overall reduced level of physical activity, similar to advanced oncology patiends. Thus, the
procedure for the 6MWT in the current study has been planned in accordance with the ATS
guidelines.

[B0288]  Staff Training

[6028%]  Only site staff trained by the sponsor/sponsor’s representative may conduct the
6MWT. Sites may not commence conduct of the 6MWT before the sponsor/sponser’s
representative evaloates the area to be used, and trains the site staff whoe will conduct the test.
The same area st be used for all assessments for cach ndividual subject for the duration of

the study.

[60282] Laboratory Parameters for Bificacy

1862831 Biomarkers

[86284]  Tumor Biomarkers

1B0288]  Serum tumor biomarkers (such as CA-125 for subjects with ovarian cancer, PSA

for subjects with prostate cancer, CA 19-9 for subjects with pancreatic cancer, and CEA for

subjects with colon cancery will be moniiored at baseline and throughout the study. Tumor

~3

o
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marker response and tumor marker progression {TTTMP) will be assessed. If CA-125 18 used
as the tumor marker measure, the resulis will be evaluated with the Gynecologic Cancer
Intergroup (GCIG) consensus guidelines. I PSA is used as the tumor marker measure, the
results will be evaloated with the Prostate Cancer Working Group (PCW(G) consensus
guidelines.

[B0286]  Serom Tumor Biomarkers (Activin A, F5H, Estradiol, Testosterone)

IB0287]  As 8TM 434 inhibits activin signaling, we will determine if serum activin levels
arc a pharmacodynamics biomarker reflecting the cxtent of target inhibition by 8TM 434,
Since activins are part of an endocrine feedback mechanisio stimulating the release of FSH
and the sex hormones (estradiol, testosterone), these endocring biomarkers will also be
assessed as potential pharmacedynamic efficacy biomarkers.

{8288}  Determination of activin A will be performed by the central lab to ensure
comparability across subjects. FSH, gstradiol, and testosterone will be assessed by local
laboratorics. Instructions for sample handling are provided in the Laboratory Manual.
[B028%9] Tissue Tumor Biomarkers

[88288f Formalin Fixed Paraftin embedded tumor sections will be examined for
autocrine/paracrine signaling by measuring mRNMA for the receptor ACVR2ZE and ligand
INHBA {all subjects) at screening and the Cyele 4 Day 1 visits using a validated RNAScope”
assay. FOXL.2 Gene mutation status (for subjects with gramiosa cell tumors) will be
determined by DNA sequencing at screening. ARID LA gene nutation status will be
determined by next-gencration sequencing, comparing tamor DNA with somatic DNA from
whole blood (for subjects with clear cell/endometrial tumors); this assay may also determine
the sequence of other cancer genes present on the microchip. Because the clinical relevance
of these data is not yet established, subjects will not be informed of the results of mutation
analysis. Samples (tissue sections or tumor block) will be shipped to a central laboratory
according to the instructions in the Laboratory Marnual.

[80281]  Circulating Tumor Cells

{60292}  Activin signaling is necessary to maintain the cancer stem cell populations in
some tumor types. Therefore, reduced levels of CTCs may reflect the pharmacodynamic
activity of STM 434, In this stady, CTCs will be enumerated using the validated CollScarch”
platform at screening and Cycle 2 Day 1. Samples will be shipped to a contral laboratory
according to instructions in the Laboratory Manual.

{86293}  Serum Lipids
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[66254]  Since the anti-activin and anti-myostatin pharmacology of STM 434 may lead to
mereased muscle mass, we will determine if serum hipid levels are affected in treate
subjects.

[B6298]  Fasting Serum Glucose and Insulin by Homeostatic Model Assessment

[68296]  Iosulin resistance (IR) and hyperglycemia are risk factors for development of
cardiovascuolar complications. In preclinical studies, the STM 434 surrogate, STM 217,
improved IR, While the hyperinsalinemic euglycemic glucose clamyp is the gold standard for
measuring IR, the complexity of this method limits its use. A more practical method, HOMA,
which uses fasting levels of ghicose and insulin, has been studied in dialysis subjects.
Measurements obtaingd with HOMA correlate well with those obtained using the
hyperinsulinemic euglycemic glucose clamp.

#0287 HbAlc is recommended by the American Dabetes Association for evaluation of
glycemic control. Evaluation of HbA le in this study complements the fasting ghicose and
fasting tnsulin tests and will provide an mtegrated measure of glucose control over time.

BO298] STATISTICAL ANALYSIS

|
[8028%]  Endpoints

(6036061  Pouwary

{60381} The primary endpoints are as follows:

o Part I: the MTD of 8STM 434 monotherapy in subjects with ovarian cancer or other
advanced solid fumor

e Part 2: The incidence of AEs and chinically significant changes in laboratory tests,
ECGs, and vital signs in subjects with ovartan/fallopian tube/primary
peritoneal/endometrial wmors

#  Part 3: The MTD of STM 434 administered in combination with Hposomal
doxorubicin chemotherapy in subjects with ovarian/fallopian tube/primary peritoneal
cancer

[#0382] Secondary
[8836831  The secondary endpoints (Parts 1, 2, and 3, unless otherwise noted) inchude the
following:

s The RP2D in the event there is no MTD {(Parts 1 and 3)

s The incidence of AEs and clinically significant changes in laboratory tests, ECGs and
vital signs (Parts 1 and 3}

e The incidence of STM 434 antibody formation

o PK profiles of 8TM 434
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e PK profiles of doxorubicivdoxorubicino! (Part 3)

e Subijcct responses on the FACT-NTX neuropathy questionnaire
e Radiographic response rate (fRR)

e Dwration of radiographic response (dRR)

e Radiographic progression-free survival (fPFS)

e Tomor marker rosponse rate (TMRR)

e Time to tumor marker progression {TTTMP)

e Correlation of baseline and on-treatment activin A scrum concenirations, tumor
mRNA levels for INHBA/ACVRIB, and tumor mutation states (in subjects with
clear cell/endometrial/granulosa cell tumors) to antitumor efficacy measures

#  Change from bascline in lean body mass, appendicular lean mass, fat mass (visceral
and subcutancous), hipid profiles, tasting glucose, fasting msulin, HOMA, HbA lc,
and 6-minutc waik distance

683841 Exploratory
383651  The exploratory endpoints (Parts 1, 2, and 3) are as follows:

s Correlation between PK parameters and antitumor efficacy, bone mineral density (in
subjects without bone metastasis), hipid profiles, fasting ghicose, fasting insahin,
HbA le, S-omiuute walk distance, anti-drug antibody formation, biomarker, or ECG
daia

(863861  Analvsis Populations

166367 Analysis populations for efficacy, safety, and PK, respectively, are described
below.

e The efficacy analysis popuolation will include all subjects who receive at least 4 weeks
of 8STM 434 administration. A secondary analysis of the etficacy endpoints will be
performed for ali subjocts who receive at Jeast 12 weceks of STM 434 administration.

# The safety analysis population will include all subjects who receive at least | dose of
STM 434,

# The PK analysis population will include all subjects who receive at feast 1 dose of
STM 434 and who provided at least 1 P sample.
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186308} Efficacy Analysis
180389]  The rRR, dRR, and rPFS will be defined according to RECIST 1.1 and analyzed

using descriptive statistics, and Kaplan-Meier methods. For tPFS, subjects who do not
cxperience discase progression or death will be censored at the date of their last imaging scan
for disease assessment,

{68318} The TMRR and TTTMP will be defined by appropriate consensus guidelines, and
analyzed using descriptive statistics and Kaplan-Meier methods.

#0311} Pharmacokinetic Analysis

[#0312] The PK parameters of STM 434 alone and in combination with liposomal
doxorubicin will be estimated using standard noncompartmental PK methods and
summarized using descriptive statistics {means, standard deviations, medians, minima and
maxima).

883131  Exploratory analyses correlating exposure to antitumor efficacy, lean body
weight, fat mass, Hipid protiles, fasting glucose, fasting insulin, HOMA, HbA Ic, SMWT,
anti-drug antibody formation, biomarker or ECG data may be performed ad hoc or post hoe.
[80314]  Safety Analysis

[80315]  Safety assessments will include AEs, concomitant medications, laboratory results
and vital signs. Al reported AEs will be coded using the Medical Dictionary for Regulatory
Activities, summarized by mumber and percent of subjects with AEs, and aitribution (serious
versus non-serious and investigator reported relationship [unrelated, possibly related,
related]). Only AEs occurring afier the initiation of the first dose of treatment votil 30 days
following the last treatment will be included in the tables. The incidence of anti-STM 434
antibody formation will be summarized using descriptive statistics.

(86316} Sample Size Determination

186317]  The study is planned to enroll up to a total of 66 subjects (consisting of up 1o 30
subjects in Part 1, 24 subjects in Part 2, and op to 12 subjocts in Part 3). This sample size is
not based on power calculations, but rather on chinical judgement and the expectation that the
objectives of the study will be met with the planned sample size.

[86318]  For Part 2 of the study, in the cohort for the rare ovarian cancer subtypes of clear
cell and gramulosa cell tumors, only 6 subjects of each subtype will be enrolled due to the
small rumber of subjects expected at the climical trial sites, whereas the cohort for the more

commmon serous ovarian tumors will enroll 12 subjects.
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Conclusion
166319} Formulated STM 434 administercd as monotherapy or in combination with
liposomal doxorabicin chemotherapy treats ovarian cancer and other advanced solid tummors

with relatively Hmoited side effects in selected subjects.

Table 16: Study Proceduores
Treatment Phase
Cycles
%,3,8,
Screening Cyele 1 6. Cyeles 4, 7, 18,
Pay 1 and at
Treatment
Days Biscontingation | Eodof
Evalnation ~i44p1 | Day-1 Day 1 Pay 13 Bay } g Study”
Counsent form X
signed
bedical history, X
Dewmographics,
Prior eancer
therapies
Physical exam, X x* X X X X
Height and Weight?
Stool gualac exam X
Vital signs® X x* X X X X
BOOG X X" X X X X
ECG’ X X X X X
FACT/GOG-NTXS X X X X X
MUGA or BCHO X’ X’ X°
STM 434 X X X
administration
Liposomal X X X
doxorubicin dosing
administration'®
Concomitant X X X X X X
medications
Adverse events X' X X X X X'
Hematology X x* X X X X
Coagulation panel X x? X X X X
(PT, PTT, INR,
1T, D-dimer™)
Serun chernistry X x4 X X X X
Fasting ghicose and X X
fasting msulin
HbAlc" X X X
Serara lipds X X X
Seram tumor X x* X X X
biomarkers'”

8¢
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Table 16: Study Procedures
Treatmeat Phase
Cyeles
23,5,
Screening Cycle 1 6. Cvcles 4, 7, 18,
Pay 1 and at
Treatment

Days BDiscontinuation | Endof
3 el
fvalnation ~14¢p1 | Pay -1 Pay 1 Pray 15 Day 1§ : Study”

Tissue turaor X

biomarkers'®

Urinalysis X

{dipstick)

Serom preguancy X

Activin A (free and X x* X X X X

total)

~ 17 7

CTCs X X

FSH, estradiol X X X X X X

{female subjects),

testostercns (ale

subjects)

Central lab DXA X'® X"

&-nunute walk test X X X

CT/MR] X' X"

Bone scan”’ X'® X"

Disease progression X

assessment

Anti-STM 434 X X X X X

antibody

22 2: 22
Predose PX. X* X2 x?
— pos

Postdose PK. X X X

' The Treatment Discontinuation visit can occur at any scheduled or unscheduled visit when appropriate. At this visit,
documentation to confirm progressive disease or unacceptable toxicity is determned.

* The BOS visit is scheduled 28 days following the last administration of §TM 434,

® Subject weight is recorded at each visit; height is recosded at the screening visis,

* Procedures scheduied for Day —1, with the exception of the ECG Holter monitor, can be performed prior to dosing on
Day 1 of Cycle 1.

° Stool guaiac is performed at screening and may be repeated at the discretion of the investigaror post-baseline,

S Vital signs: aural, transdermal or oral temperature, sitting biood pressure, heart rate, and respiratory rate

7 After the sereening visit, ECGs must be collected using equipment from the central laboratory. Starting on Day —1
subjects wear a Holter monttor continuously until the Diay 2 visit. Subsequently, 12-lead BCGs will be obtained with the
central lab machine.

¥ The FACT/GOG-NTX may be coltected at unscheduled visits if needed 10 assess an AH of neuropathy.

“ Only subjects in Part 3 use MUGA or BCHO 1o document the cardiac ejection fraction for iposomal doxorubicin
administration. The choice of MUGA or ECHO is at the investigator’s discretion, but once a modality is selected, the
same method should be used for the subject throughout the study period. MUGA/ECHG is to be performed at scroening
and Cycle 4 Day 1. In the event that a doxorubicin-treated subject in Part 3 discoutinues prior to Cvele 4 Day 1, a
MUGA/ECHG 18 performed at the EO8 visit.

0 1iposomal doxorubicin adsinistration is for subjects in Part 3 of the swmdy.

Y Protreatment SAES is reposted from the time the informed consent document is sipned until the administration of study

81
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Table 16: Study Procedures

Treatmeat Phase
Cyeles
23,5,
Screening Cycle 1 6. Cvcles 4, 7, 18,
Pay 1 and at
Treatment
ays Discontinuation | Eadof
fvalnation ~14¢p1 | Pay -1 Pay 1 Pray 15 Day 1§ : Stuty”

medwcation on Cyele 1 Day 1.

AE follow-up of 20 days following the last adnunistration of STM 434 1o det

mune if there are anv new or ongoing Abs

or SAEs regardless of attribution of causality. Follow-up may be conducied via telephone and is documentad in the
source notes.

B Sereening and Cyele 2 Day 1.

4 + 11 i P e . 3 .y syt v ) o %) 1 -«

Y HbAle will be collected and analyzed at screening, Cycie 4 Day |, Treatment Discontinuation, and BEGS only.

Y Serum tumor biomarkers can include CA-125, PSA, CA 19-9, CHA, or other biomarkers as appropriate basad on the
subject

16

Tissue tumor biomarkers wnclude tumor sections/tumor block for ACVR2E and INHEBA gene expression (all subjects) as
weil as gene mutation status (for subjects with clear cell/endometnal/granulosa cell mmors).

CTCs will be collected at screening and Cyele 2 Day 1.

Scans (DXA, CT, MRI, Bone) performed up 1o 30 days prior to Cyele 1 Day 1 can be used for the baseline assessments.

An MRI of the brawn is used to rule out any brain metastases,
¥ Qnestuady DXA, CT/MRY and bone seans can be done within -+ 8 days of the Day 1 visit.
20

S-nunute walk test will be completed at the Cycle 2 Day 1 visit.

21

Bone scan assessments are conducied ofor subjects with tumors metastatic to bone.

22

The detatled schedule for PXK assessments is presented herein

Example 5: Interim Resalfs for STM 434 Stady,

1663208}  Three human subjects were selected for treatment with STM 434 using the above
protocol. Each subject had an advanced form of cancer: serous ovarian, granulosa ovarian or
colon. Suabject | had a serous ovarian cancer, Subject 2 had granulosa cell ovarian cancer,
and Subject 3 had a colon cancer. Subject | was diagnosed with Stage 1V ovarian cancer in
January 2014, She had progression of her serous adenocarcinoma tumor after receiving prior
carboplatin and paclitaxel in 2014, Subiect 2 was diagnosed with ovarian cancer in 1998 and
had progression of her granulosa cell tumor after receiving prior cisplatin, etoposide,
bleorayein chemotherapy 2010, carboplatin and paclitaxel 1n 2012, bevacizumab,
medroxyprogesterone, anastrozole in 2013, and RX-3117 {an investigational cytidine analog)
in 2014, Subject 3 was diagnosed with Stage 1V coelon cancer in June 2012, She had
progression of her colon tumor after receiving prior 5-fluorouacil, leucovorin, oxaliplatin
chemotherapy 1o 2012, irinotecan, 5-fluorouacil, leucovorin, bevacizumab in 2013 and
pasitumumab o 2014,

1663217 STM 434 Vormulation, Packing, and Storage
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186322] STM 434 was formulated as a sterile aqueous solution mitended for IV
administration, containing 70 mg/mL STM 434, 10 mM potassivm phosphate buffer, 8.8%
{(w/v}) sucrose, and 0.006% (w/v) polysorbate 20 at pH 6.7, Formulated STM 434 solution
was packaged o S-mb glass vials, with 13 mm fluoropolymer stoppers and 13 num seals.
Vials of STM 434 were stored 1o a non-frost-free freezer at a temperature of —20°C (£ 5°C).
Prior 1o use, STM 434 was thawed overnight in a2 refrigerator at 2°C to 8°C.

1863237 STM 434 Administration

168324] STM 434 was administered to each subject at 0.25 mg/kg IV approximaicly every
4 woeks.  Subject 1 began therapy on 17 October 2014, and received two additional doses on
14 November 2014 and 15 December 2014, prior to discontinuing further study treatment on
30 Deceomber 2014, Subject 2 commenced therapy on 29 October 2014, and received threg
additional doses on 24 November 2014, 24 Decomber 2014, and 21 January 2015 — this
subject continues to receive STM 434 as of 17 February 2015, Subject 3 began therapy on 6
November 2014, and received one additional dose on 4 December 2014, prior to
discontinuing further study treatment on 05 Januvary 2015,

(683257 STM 434 Human Safetv and Efficacy

(883267 No adverse events considered to be related to STM 434 administration were
observed in any subject. No adverse events related to neuropathy, bleeding events, or
endocrine symptoms were observed in any subject. No anti-STM 434 antibodics were
chserved in any subject. Subject | reported improved appetite, energy, and increasing
performance status. The investigators considered STM 434 to be safe and well-tolerated.
The investigators recommended escalation to the next dose level.

80327  STM 434 Inhibition of Activin fn Vive

[B0328]  Since activins are part of an endocrine feedback mechanism stimulating the
release of FSH, F5H was assessed as a potential pharmacodynamic efficacy biomarker. A
reduction in F3H is expected to be indicative of activin inhibition by STM 434,
[60329]  FSH was assessed using ELISA Quantitative Tovouncassay. It was determined
that F5H levels decreased in 2 of 3 subjects following administration of STM 434 dosed at
25 mg/kg. Figure 4. Percent change from bascline 15 plotted on the v axis, over time
plotted on the x axis; CID1 indicates Cycle 1 Day 1 (bascline prior 1o treatment), C1D1S
indicates Cycle 1 Day 15, 14 days after initial administration of STM 434, and C2D1
indicates Cycle 2 Day 1 (predose, prior to the second dose administration of STM 434 4

weeks after first administration). A reduction in FSH observed at C113135 indicates that STM
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434 inhibits activin signaling in humans. The FSH levels retam to approximate bascline,
ndicating that a new dose of 5TM 434 is required to re-suppress activin signaling in humans.
These results indicate that STM 434 can inhibit activin in humans.

166338]  STM 434 PK Results

166331]  PK was determined by ELISA Quantitative Tounumoassay. Toterim PK analysis
showed 2-fold higher clearance and TV, of 111, 114, or 147 hours (4-5 days) compared to
prior data showing 163-259 hours (7-11 days) in monkeys. Figure 5. This suggests that
subjects may beoefit from a roore frequent dosage scheme of STM 434, e.g., TV every 2
weeks or every 3 weeks.

1#6332] STM 434 Induced Tumer Infarction

168333}  Onc subject (Subject 2) having granulosa tumor received a CT scan at bascline
and again at the beginning of cycle 4 {day 1). There were 12 weeks, and three doses betwee
the two scans. Figure 6 shows the bascline scan with the tumor indicated in the circle.
Figure 7 shows the follow-on scan taken at the beginning of cycle 4, with the tomor again
indicated in the circle. As can be seen by comparison of the scans, the tumor has undergone
substantial infarction. This indicates that a low dose of STM 434 is effective in treating a

subject having granulosa tumor.

Example 6; Modified STM 434 Protocal
[80334]  Based, at least in part, on the resolts of Example 5 the STM 434 protocol of

Example 4 was modified. The modified protocol is set forth below in Table 17, its sub-

tables, and the associated appendices.

Tahle 17
Section Description of Change (strikeout = deleted text; red = new texi}
Synopsis Study Design:

Part 1 is an open-iabel dose-gscalation study incorporating a 3+3 design in subjects with advanced
solid tumors. A tetal of up 10 39 subjects will be enrolled o evaluate the safety, tolerability, and PK
profiles of intravencus (IV) STM 434 at 5 planned dose levels (0.25 mag/kg IV, 8.3 rag/kg 1V,
Tmgkg IV, 2 mg/keg IV, and 4 mg/kg IV). In the absence of a safety signal duong the dose-linnting
toxicity (BLT) assessment window, STM 434 will be escalated in the planned 100% dose
increments, as isted in the table below. If a safety signal (= 2 clinically significant STM 434-related
Grade 2 AEs or one STM 434-related Grade 3 toxicity) is observed, all further dose escalations
between cohorts will occur in < 50% dosc increments and an additional appropriate dose level or
levels may be studied to avoid excessive toxcity. Fach dose level will be evaluated sequentially, and
cach dose cohort will include 3-6 subjects (the vurnber will depend on whether DLTs are observed).
In order to ensure an adequate nuniber of evaluable subjects, up to 4 subjects may be enrolled per
cohort even in the absence of a DLT.

While safety is being evaluated (o a bigher dose coliort that is closed to accrual, an additonal subject
may be enrolled into the highest dosing cohort that the safety conmmittee has previously declared safe
and well tolerated, if there is preliminary evidence during study conduct that STM 434 may provide
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auti-tamor activity for their turor type (e.g., grannlosa cell tumor).

Based on data from Cchort 1, which showed a shorter half-life and an increased clearance compared
with pr edicted values that were based on PI\ data from preclinical studies, STM 434 adnunistered
once every 2 weeks {Q2W) or once every 3 weeks (Q3W), rather than once every 4 weeks (Q4W),
n1ay o pi tih[(‘ exposure. Duong Part 1,31 PK data {rom Cobort 2 (8.5 mgikg V Q4W) confirm the
half-life observations made in Cohort 1 {0.25 mg/kg IV OQ4W), and 1 8TM 434 is safe and well
tolerated i Cohort 2, STM 434 Q4W dosing (Schedule A) will be changed to (2W (Schedule B},

In the event of any change in schedule, the same dose level will be repeated 1n the next cobort. For
example, if the decision is made to {ncrease dose freguency foliowing Cobort 2, (0.5 mgrkg Q4W, the
next cohort to be evaluated will be Cohort 3, 0.5 mgrkg Q2W. Thereafter, subsequent whm*s will be
gnrolled on the new Q2W schedule unless the safety review conmmittee recommends de-escalation to
iess frequent dosing in response to safety data. For de-escalation, enroliment of cohorts evaluating
Q3W {Schedule C) and Q4W (Schedule A} at the same dose level may procee f‘ concurrently, nuless
the safety comnntiee reconmmends 1o only evaluate Q4W (Schedule A).

The planned dose cohorts in Part 1 are as follows:

Schedule A Schedule B Scheduie C

Cohort 1 0.28 mg/kg STM 434 1V 0.25 mg/kg STM 434 [V 25 ma/kg STM 434 1TV
Q4w 22w (\,‘,W

Cohort 2 | (15 mg/kg 8TM 4341V 0.5 ma/kg STM 434 IV 0.5 mg/kg STM 434 IV
Q4w Q2w Q3w

Cohort 3 Img/kg STM 434 TV | mg/kg STM 434 1V 1 mgkg 8TM 43471V
Q4w QW Q3w

Cohort 4 | 2 mg/kg STM 4341V 2 mg/kg STM 424 1V 2 mglkg STM 434 1V
Q4w Q2w Q3w

Cohort 5 4 mg/kg STM 4341V 4rg/kg STM 424 1V 4 mg/kg STM 434 1V
QAW Q2w Q3W

Dose escalation from one cohort 1o the next will be determined by the sponsor in conjunction with
the fovestigators and will be based on treatment-emergent /—\Ias, (:hm cal laboratory data, physical
examnation fudiugs; including vital signs, ECGg, and available PK data after all subjects within &
cohort have completed 28 days of treatment (or 21 days it following Schedule C {Q3WH. Dose
salation will occur if the subject incidence of DLTs or STM 434-related sericus AEs (SAEs)

dur‘ng the first 28 days (or 21 days if following Schedule C [Q3WT) of stady treatnient is < 33%.

In a given cohort, if none of the subjects experience a DLT during the first 28 days {or the first 21
dzws if evalnating Schedule C [Q3WT]) following the initial administration of STM 434, then dose
escalation will occur, and 3 subjects will be enrolled in the colort at the next dose level. However, if
= 2 clinically significant Grade 2 STM 434-related AEs or one STM 434-related Grade 3 AE s
observed {2 safety signal) all further dose escalation will be reduced to < 50% dose increments. In
the event a safety signal is observed, a study memo coramunicating the revised dose level(s) and
schedule will be pr“Vlde to all sites and IRBs specifying this information for each subsequent
cohort. If 1 of the 3 or 4 initial subjects in & coliort experiences a DLT, 3 {or 2, if 4 were initially
enrolied) additional subjects will be enrolied at the same dose level. If only 1 of 6 subjects within
cohort experiences a DLT or STM 434-related SAE during the first 28 days of treatment {(or the ﬁr%’
21 days if evaloating Schedele C [Q3W], the vext cobiort may begin enrollment. 12 DLT 13
observed, all further dose escalanon will be reduced 10 < 50% dose increments. I 2 or more of the 6
subjects within a cobort expervicnce a DET or STM 434-related SAE during the first 28 days of
treatiment {or 21 days if evalnating Schedule C [Q3W]), this dose will be considered ihe toxic dose.
Dose escalation may proceed at a fower dose or less frequent schedule based on emerging toxicity,
PK, or PD data, until the MTD is determined. Doses > 4 mg/kg may be explored if the observed PK
data are below pre(iicted fevels.
Part 2 s an of ren-label sindy, designed to obtain additional safety and exploratory efficacy data in
subjects with d(i\’a(-@@d ovarian/endometrial "Ef‘ar cell, granulosa, and ovarian/fallopian tube/primary
peritoneal serons turuors. A total of 24 subjects will be enrolled 1o this portion of the stady,
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6 subjects are to have ovarian/endometrial clear cell adenocarcinoma, 6 subjects are to have
granuiosa cell tumors, and 12 subjects are to have serous tumors. All subjects will recetve IV STM
434 at the RP2ZD using the reconruended schedule after review of the dose escalation data m Part 1
of the study. A study mereo compunicating this nformation will be provided to all sites and IRBs for
the Part 2 expansion cohorts. Enrollruent in Part 2 {s contingent upon establishiment of the RP21}
Part 1. The planned cohorts in Part 2 are as follows:

e  (ghort 60 STM 434 at RPZD IV 10 6 subjects with clear cell adenccarcinona and 1o

& subijects with grauuvlosa cell ftumors

e Cohort 7. STM 434 at RP2ZD IV in 12 subjects with serous tumors

is an open-label dose escalation study of STM 434 1 combination with li‘pnsomai doxombicin
chemotherapy incorporating a 3+3 design in subjects with ovarian/fallopian tube/primary peritoneal
cancer who have received prior reatment with a Eatinum--based( hemotherapy regimen or are naable
to receive platinum-based chernotherapy. Afier Part 1 s completed aud the RP21} and dosing
frequency are established, 612 subjects will be eurclled 1o Part 3. A study memo commuuicating the
STM 434 dose and schedule information will be provided to all sites and IRBs for the Part 3
chemotherapy combination coliorts. Since hposo‘mﬂ doxorubicin is administered (Q4W in this
protocol, tn the event that the recornmended STM 434 dose frequency esiablished in Part 1 is Q3W, a
Q4w do‘«;ﬂ prc:hc: d to produce similar PK exposure may be used in Part 3. Parts 2 and 3 will enroli
subjects concurrently. The planned cohorts 1n Part 3 are as follows:

® ,ohort 8: NTM 434 at one dose level below the RP2ZD IV + liposomal doxorubicin (40

meg/m’ IV Q4W)
#  Cohort 9 STM 434 at the RP2D IV + liposomal doxorubicin (40 mg/m’® IV) Q4W)

Dose gscalation from Cohort 8 to Cohort 9 will be determnned by the sponsor in conjunction with the
invesiigators and will be based on treatment-eniergent AEs, clinical laboratory data, physical
gxamination findings including vital signs, ECGs, and available PK data after all 3 subjects within
the cohort have completed 28 days of therapy using the 3+3 design outlined for Part 1. In the event
that the inival dose combination in Cobort 8 15 not safe and well tolerated, the safety commiitee may
recommend evaluating a lower STM 434 dose 1o combination with chemotherapy 1n an additional
cohort.

Subiect replacement: In Part 1, if a subject discontinues from a cohort for any reason other thau a
DLT prior to corupleting 28 days of 8TM 434 treatruent (or prior to completing 21 days if evaluating
Sched ulc C{Q3W1, a replacenent subject will be added to the cohort until 3 subjects per cohort
complete 28 days of §TM 434 treatment (or 21 days if evaluating Schedule C [Q3W). In Part 2,
once subjects are enroiled into the study, they will not be replaced for any reason. In Part 3, if a
subject discontinues for any reason other than a DLT prior to completing 28 days of 8TM 434 and
hposomal doxorubicin treatment, a replacement subject will be added Lo the cohiort until 3 subjects
per cohort complete 28 days of STM 434 treatment.

DLT definiti

on: A DLT will be defined as any related Grade = 3 (accordi
Terminology Criteria for Adverse Events {CTCAE], version 4.03) non-he
{exclnding unrelated toxicities), or any (nadc > 4 hematologic toxicity las
neutropenia, or Grade 3 thromboe yt penia with active bleeding. A subject
wishes to resurne therapy with a reduced dose of STM 434 may do so at t&
investigator when the toxicity has resolved to CTCAFE Grade <1 or baseline v*aluesn and 1f the subject
has not experienced disease progression.

The MTD is defined as the highest dose level with a DLT incidence < 33% of

cohort QLJ)J@CN

The RP2D will be defined in consideration of the MTD, PK, pharmacodynamic
rker and antituror response data.

Intrasubject dose gscalation: If a subject does not have evidence of radiographic progressive disease
and has not had & DLT, intrasubiect dose escalation will be pc; nutted 1o the level evaluated in the
highest dosing cohort that the safety committee has previously declared safe and well tolerated, and
at the discretion of the fuvestigator. Auy plans for intrasubject dose escalation require that the subject
has completed the 28-day DLT evaluation period {or 21-day period if on the Q3W dosing schedule}
and has completed radiographic tunior restaging post-baseline. Intrasubject dose escalation nust be
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discussed with the medical monitor.
Study Population:  Up 1o a total of 75 subjects with advanced ovarian cancer and other solid
i

turnors will be enrolled at 3-6 study sites. Of the 75 subjects, up to 39 subjects
will be exrolled m Part 1, 24 subjects o Part 2, and up 1o 12 subjects in Paxt 3

incinsion criterias

3. a. Subjects with recurreni metastatic or locally advanced disease considered refractory or
p

intolerant io ali tan(ioz freatment available for their turox, or those wath turnors for which uo
standard treatment is avatlable
OR

s
jo

.Subjects with sercus ovarian/fallopran tube/primary pertoneal, granulosa cell turmors or clear
cell tumiors considered platinum refractoryiresistant, defined as having at least one prior
platinani-based ¢t smoihemp-aum regimen with a subsequent platinon-free imterval of < 12
months, having progression during platinum-based thblapy or having persistent disease afier a

platinuni-based therapy, are eligible. Intolerant subjects, defined as unable to receive further
platinum due to toxicity, are eligible.

9. For Cohort 6, subjects must have platinum refracmry/msistan /intolerant {as defined in inclusion
criterion #3b) ovarian/endometrial clear cell carcinoma or ovarian g‘anulum cell tumors

10. For Cohort 7, subjects must have platinum refractory/resistant/intolerant (as defined in inclusion
criterion #3b) serons ovarian/fallopian tube/primary peritoneal cancer

[

. For Cohorts 8 and 9, subjects must have advanced platinum refractory/resistant/intolerant (as

defined mn melusion criterion #3b) ovarian/fallopian tube/primary peritoneal cancer
Exclusion criteria:

12, Subjects with both a ¢reatining > 1.5 x ULN and an estimated creativine clearance of < 60
mi/min (using the Cockeroft-Gault equation)

15, Antibody/blologic therapy wit hm S half-lives or 4 weeks (whichever is longer) of Cycle 1 Day 1
{MNote: a 6-week wash: mt 11 acceptable for subjects previously receiving bevacizursab)

20. Presence of portal-venous shunt device or history of exteusive hepatic resection
Test Product, Dose, and Mede of Admindstration:

In Part 1, the planned STM 434 Tujection doses and r()ute% o { adodnsteation are as follows:
025 mg/ke IV, 0.5 wme/kg IV, T mgrkg IV, 2ragke IV, and 4 mg/kg IV. STM 434 wiil be
adminstered Q2W, Q3W, or (Q4W, depending on PK and safety observations during Part 1.

In Parts 2 and 3, subjects will veceive STM 434 at the RP2D {(established i Part 1) or coe dose level
below the RP2D. STM 434 will be adunustered (Q2W, Q3W, or .Jf‘v‘v, dependiug on PX and safety
observations during Part 1. In addition, subjects in Part 3 will receive up to 6 cycles of liposomal
doxorubicin (40 mg/m’ Q4W); dose modification and adjustment for Hposomal doxorubicin will
follow the Prescribing Information for this product.

Duration of Treatment:

ches—:mrg will begin up to 28 days prior to dosing (Cycle | Day 1}. Subjects in Paris 1, 2, and 3 will
be treated with STM 434 unti! disease progression, uniess an unaccepiable toxicity s observed.
ase progression will be based on radiographic measurements according to RECIST 1.1 criteria
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1.1.23
Clinical
Pharnwacoki
netics

The PK of STM 434 was characterized in 3 subjects with advanced solid tumors in Cohort 1 of the
current study, in which snbjects received 0.25 mg/kg IV every 4 weeks (Q4W). Plasna
concenirations of STM 434 over time for the 3 subjects in Cohort 1 are discussed in the above
'{xa,rr'-r‘iﬂ The interim PK results from these subijects st bowed that the clearance of STM 434 ranged
rom approximately €.29 (0 8.36 mL/vkg, which was 2.5-fold | “L ghu than expectﬁd based on the PK
results o preclinical species. The taltlife was simdlar aruong all 3 subjects w Cobort 1, with vabues
ranging from 111 to 114 {0 147 bours, which was substantially shorter than the ranges observed in
mice {242 to 338 hiours) and monkeys (163 to 259 hours). If the interim PK resulis from Cobort 2
{0.5 mg/kg IV Q4W [Schedule A]) confirm a similar half-life as was observed for Cohort | {0.25
mg/kg IV Q4W [Schedule A, dosing is anticipated to change 1o every 2 weeks (QZW; Schedule B
in Table 2 of Section 5.2.1; see also Section 3.1.1). Subsequent cohorts will be evaluated using Q2ZW
unless toxicity 1s observed.

1.2
Rationale
for

Selecuion of

The highest planued dose in this FIH study is 4.0 mp/kg, administered IV Q2W. At this dose, the
predicted human C,,, and AUC 56 are 121.3 ug/mil and 12395 pgsh/mL, respectively, which are
supported by exposure margins of 1.8- and 4.9-fold relative to C,, and AUC34 at the NOAEL dose
in the 4-week toxicology study m monkeys and by exposure ma"&ix‘i of 0.7- and 1.1-fold relative to

Starting Coa and AUC at the STD1O dose in the 4-week toxicology study in CD-1 muice {Table 1),
Dose .
v Table 1. Estimated Exposure Margias for 8TM 434 Fellowing Repeat Bose (Q2W}
fotravenous Administration to Humans Compared with Exposure {AUC 434} frem
Repeat Dose (W) Subcutaneous Administration to Mouse (15 mg/kg) and
Cynomolgus Menkey (18 mg/kg)
. Husnan Margins Based on Mouse Margins Based on
Cliimmi Pharmacokinetics (15 myg/kg)® Monkey {10 mgikg}b
LET]
(l‘&g/kg, AUC(,,.;M; Cmm AHJCQ,33{5 Cmm AUCQ.};(; Cn:ax
Q2W) {pgrbiml) {ng/mi} {ugeh/mi) (og/mi} {(Bgeh/ml} {(ng/mi}
0.25 7747 7580 181 10.4 8.7 28.8
0.5 1549.42 15160 0.1 5.2 19.4 14.4
3098.83 30321 4.5 2.6 9.7 7.2
2 6197.66 60642 2.3 1.3 9.8 3.6
4 12395.32 121285 1.1 0.7 4.9 1.8
“For reference, mice dosed with 15 mg/kg STM 434 had AUC16s = 7030 jigsh/mE and Cpe = 791 pg/mb
b?,‘v[onkeys dosed with 15 mp/kg had the following values: ATC 1 = 30500 pgeh/mE and Cre = 218 pg/mb
3.t Part 1 is an open-label dose-gscalation study incorporating & 3+-3 design i subjects with advanced

Part 1 of
the Study

solid tumors. A total of up to 39 subjects will be enrolled in 5 planned sequential dose coliorts
{Coborts 1 through 5; defined in Table 2} to evaluate the safety, tolerability, and PK profiles of IV
STM 434 at 3 dosc levels (0.25 mg’kg IV, 0.5 mg/ke IV, 1 mg/kg IV, 2 mg/kg IV, and 4 mg/kg TV
In the bsm(( of a safety signal during the DLT assessment window, STM 434 will be escalated in
the platned 100% dose increments. }{ 2 safety signal (= 2 chuically significant STM 434-related
Grade 2 AIts or cne STM 434-related Grade 3 toxicity) is observed, all further dose escalations
between cohorts will occur i < 50% dose fucrements and an additional appropriate dose level or
levels may be studied to avoid excessive ‘m\m . Each dose level will be evaluated sequentially, and
gach dose cohort will consist of 3—6 ubje (‘me number will depend on whether DLTs are

observed). In order to ensure an adegnate umhcx of evaluable subjects, up to 4 subjects may be

enrolied per cobort even u the abseoce of a LT,

While safety is being evaluated n a higher dose coliort that is c]ose‘l to accrual, an additional subject
raay be enr (1‘1;\. 1o the -'hg hest dosing eohort tk at the safety conmmtiee has previously declared safe
and well tolerated, ' there 18 prelinunary evidence during st h(iv conduet tha ‘5 T™ 434 may provide
auti-tumor activity for their tumor type (eg, granulosa \:eli Umor).

=

Based on PK data from Cohort 1 {Section 1.1.2.3), which showed & shorter half—-iife‘ and an ncreased
clearance compared with predicted values that were based on FE. data from prechnical studies, STM
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434 adninistered Q2W or every 3 weeks (Q3W), rather than Q4W, may optintize exposure. If the
interim P resulis from Cohort 2 (0.5 mg/kg IV Q4W [Schedunle AY) contirm the half-life observed
in Cohort 1 (0.25 mg/kg IV Q4W [Schedule A, dosmg in Cobort 3 will be 8.5 mgikg IV Q2W
{Schiedule B}, unless toxicity is observed on the more frequent dosing schedule

In the event of any change in schedule, the same dose level will be repeated in the text cohort. For
exantple, if the decision 1s made (o increase dose frequency following Cohort 2, 8.5 mg/kg (Q4W, the
next cchort to be evalnated will be Cobort 3, 0.5 mg/kg QQ W hereafl ter, b']"ﬁ’\“(}hf‘\i cohorts will be
enrolled on the new Q2W schedule unless ‘me safety review commitice recommends de-escalation to
less frequent dosing in response to safety data. For de-escal atmL, eurcliment of cohoris evaluating
Q3W (Schedule Oy and Q4W (Schedule A} at the same dose level may proceed concurrently, unless
the safety committee recomme'ld“ to only evaluate Q4W (Schedule A) A studr menmo
cornmunicating any schedule change decisions will be provided to all sites and institutional review
boards (1RBs) speci Ey; 1g the Ja), and frequency of 8TM 434 to be studl ed m each protocol cohort.

Dosing schedules | 4W (Schedule A), (Q2W (Schedule B), and Q3W (Schedale C) are defined in
Tabie 2 {inn Section 2 1)

Dose escalation from one cohort 1o the next will be determined by the sponsor in conjunction with
the fuvestigators and will be based on freatment-emergent AEs, clinical laboratory data, physical
examnation fudiugs, including vital signs, ECGs, and available PX data after all 3 subjects withiu a
cohort have completed 28 days of treatment {or 21 days, if following Schedule C [Q3W]). Dose
sscalation will oceur if the subject incidence of DLTs or STM 434-related sericus AEs (SAFs)
during the first 28 days (or 21 days if fniln ring Schedule C [Q3WT) of stady treatnent is < 33%.

In a given coliort, if none of the 3 subjects experience a DLT during the 28 days (during the fivst 21
dzws if evalnating Schedule C [Q3WT]) following the initial administration of STM 434, then dose
escalation will occur, and 3 subjects will be enrolled in the cohort at the vext dose level. However, if
> 2 clinically sigmficant Grade 2 STM 434-related ABs or one STM 434-related Grade 3 AE i3
ob»srv@d {2 safety signal}, all further dose escalation will be reduced 10 < 50% dose inerements. In
the event a safety signal is observed, a study memo coramunicating the revised dose level(s) and
schedule will be provided to all sites and IRBs specifying this information for each subseguent
cohort. If 1 of the 3 or 4 initial subjects in a cohort experiences a DLT, 3 {or 2, if 4 were initially
enrnlicu 3y additional subjects will be enrolied at the same dose level. I only 1 of 6 subjects within a
chort experiences a DLT or STM 434-related SAE dunng the Girst 28 days of treatiment {or the Brst
21 days if evaloating Schedele C [Q3W], the vext cobiort may begin enrollment. 12 DLT 13
observed, all further dose escalanon will be reduced 10 < 50% dose increments. I 2 or more of the 6
subjects within a coliort experience a DLT or STM 434-related SAFE during the first 28 days of
treatment {during the first 21 days if waluafng Schedule C [Q3W), this dose will be cousidered the
toxic :iose Dose escalation may proceed at a lower dose or less frequent schedule based on emerging
toxicity, PK, or PD dala until the MTD s d tert nmcd. Doses higher than 4 mg/kg may be explored if
the E served PK data are below pt"bdwl d lev

)...

312

Part 2 of

the Study

Part 2 is an open-label study, desigued to obtain additional safety and exploratory efficacy data in
subjects with advanced ovarian/endometrial clear cell, gram‘.losa and ovarian/fallopiaun tube/primary
peritoneal serous tuniors. A total of 24 subjects will be enrolled in 2 cohorts in this portion of the
study. One cohort (referred to as Cohort 6) will include 6 subjects with clear cell adenocarcinoma
and 6 subjects with grannicsa cell tur mors, the second cohort {Cohort 7) will include 12 subjects with
serous tumors. Al subjects H ecerve [V STM 434 at the RP21 using the recomamended schedule
atler review of the dose escalation data in Part 1. A study memo communicating this information will
be provided to all sites and IRBs tor the Part 2 expansion cohorts, Forollment in Part 2 is contingent
upon establishment of the RP2D in Part 1.

313

Part 3 of
the Study

Part 3 is an open-label dose escalation study of STM 434 in combination with liposomal doxorubicin
chemotherapy incorporating a 3+3 design in subjects with ovarian, fallopian tube, or primary
peritoneal cancer who have received prior treatroent with a platinore-based cheraotherapy regireen or
are unable to receive platimnume-based chemotherapy. After Part 1 s corapleted and the RP2ZD and
dosing trequency are established, 6-12 subjects will be envolled in Part 3; Parts 2 and 3 will enwell
subjects concurrently. A study memo comnmunicaiing the STM 434 dose and schedule information
will be provided to ali sites and IRBs for ihe Part 3 chemothes rapy f‘ombmav on cohorts. Since
liposomal doxorubicin is administered Q4‘«\f in this pru[mol in the event that the recommended STM
434 dose frequency established in Part 3 s Q3W, a (4W dose pr (E ted to produce similar P

i
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exposure may be used in Part 3.

Subjects in Part 3 will be evaluated in 2 dose colorts of 3-6 subjects each (the number of subjects per
cohort depends on whether DLTs are observed). One coliort {referred to as Cohort 8) will receive
STM 434 at ooe dose level below the RPZD and the second cohort (Cohort 9) will receive STM 434
at the RP2I3; both cohorts will receive liposomal doxorubicin at 44 rag/m’.

Subi cts in both cohorts will receive an infusion of liposomal doxorubicin prior io receiving

STM 434, Lm-‘r Loty stud-m including a multigated ac qu-sm-‘n (MU(;A‘) scan or echocardiogram
(}}ILH O} will be evalnated at baseline and during adminisiration of | m()somm doxoﬂ bicin (see
Appen"ix 1). Wnseded, dose reduction from 40 rug/m?” 1o 30 mgin” should be implerented
according to the foxicity management guidelines (see Section 5.3.2). The safety, tolerability, and PK
profiles of STM 434 when adniinistered concomitantly with liposomal doxorubicin will be evalnated.

The lower dose of STM 434 {i¢, one dose level below the RP2D [Cohort 87 will be evaluated first.
Dose escalation will be determined by the sponsor i conjunction with the investigators and will be

based on ireatment-emergeni AFs, clinical laboratory data, physical examination findings including

vital signs, ECGs, and available PK data afier all 3 subjects within the cohort have conmpleted 28

days of therapy using the 3+3 design cutlined for Part 1. In the event that the initial dose combination

i Cobort 8 s uot safe and well tolerated, the satety commuittes ruay reconunend eV“]ua'mv a lower

STM 434 dose 1 combination with chemotherapy in an additional cohort (see Sections 3.1.1 and
5.2.1%.
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Dose-~

Lin“iti'lc
oxicities

A subject experiencing a DLT who wishes to resume therapy with a reduced dose of STM 434 may
do so at the discretion of the vesiigator when the toxicity has resolved to CTCAE Grade < 1 or
baseline values, and if the subject has not experienced diseasc progression.

4.1

Inclusion
Criteria

3. a. Subjects with recurrewt ruetastatic or Jocally advanced disease considered refractory or
mtokrc;m to all standard treatment available for their tumor, or those with tuniors for which no
standard treatment is available
OR

b. Subjects with serous ovarian/fallopian tube/primary peritoneal, granulosa cell tumors or clear
cell umors considered platinum refractory/resistant, defined as having at least one prior
platinum-based chemotherapentic regimen with a subseguent platinum-free interval of <12
months, haviug progression during platinum-based therapy, or having persistent disease after a

platinum-based therapy, are eligible. Intolerant subjects, defined as unab]e to recetve further
platinant due 1o toxicity, are eligible.

9. For Cohort 6 srbiecis roust have platinon refractory/resistant/intolerant (as defined {n uchision
criterton # )b) ovarian/endometrial clear cell carcinoma or ovarian granulosa cell wmors

-
=]

. For Cotort 7, subjects oust have platinum refractory/resistant/intoleraunt (as defined in tnclusion
criterton #3b) serous ovarian/fallopian tube/prinmary peritoneal caucer

J—
—t

.For Cotorts 8 and 9, subjects raust have advanced platinnm refractory/resistant/intolerant (as
defined 1 inclusion criterion #3b} ovartan/{aliopian tube/primary peritoneal cancer

4.2

Exclusion
Criteria

—t

2. Subjects with both 2 ¢creatinine > 1.5 x ULN and an estimated creatiune clearance of <64
mi/min (using the Cockeroft-Gault equation)

ot
Ly

thin § half-tives or 4 weeks {whichever s longer) of Cycle T Day 1

. Antibody/biologic therapy wil
will be accepiable for subjects previously receiving bevacizumab)

{MNote: a 6-week washout

-

20. Presence of portal-venous shunt device or history of exteusive hepatic resection

4.4
Replaceme
at of
Subjects

For Part | of the stady, if a subject discontinues from a cohort for any reason other than 2 DLT prior
to compieting 28 days of STM 434 ireatment (prior to compieting 21 days if evalnating Schedule C
[O3W], a replacement subject will be added to the cobort, as needed, unixl 3 subjects per cohort
corpleie 28 days of STM 434 reatment (21 days if evaluating Schedele € {Q3W ])(

572
)

—t

STM 434

In Part 1, the planued dose cohorts are described 1o Table 1. PK data frors Cobort 1 madicated that
more frequent dosing than Q4W, such as Q2W or Q3 W, may optitnize exposure {see
Section 1.1.2.3}. During Part 1, if PK data from Cohort 2 (0.5 mg/kg TV Q4W) confirm the halt-life

it
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observations made in Cohort | {0.25 mg/kg IV Q4W), and if STM 434 is safe and well tolerated in
Cohort 2, STM 434 Q4W dosing (Schednie A} will be changed to Q2W (Schedule B) {Table 23.

In the event of any change in schedule, the same dose level will be repeated in the next cohort. For
example, if the decision is made to increase doqe frequency following Cohort 2, 0.5 me/kg Q4W, the
next cohort to be evaluated will be Cobort 3, 0.5 mg/kg Q2W. Thereafter, subsequent cohorts will be
enrolied on the new Q2W schedule undess m(: saiety review cormitice recommends de-escalation o
fess frequent dosing 1t respouse 1o safety data. For de-escalation, enrollment of cohorts evaluating
Q3W (Schedule C) and Q4W (Schedule A) at the sane dose level may proceed concurrently, unless
the safety coruittee reconmmmends to only evaluate Q4W {Schedule A}, A study menmo
communicating any schedule change decisions will be provided to all sites and [KBs specifying the
dose and frequency of STM 434 to be studied in each protocol cohort.

Table 2.

Part 1 Planned Dose Cohorts

Scheduie A

Scheduie B

Seheduie C

Cohort 1

0.25 me/kg STM 434 IV
QAW

0.25 ma/kg STM 434 IV
QW

0.25 ma/kg STM 434 IV
Q3w

Cohort 2

0.5 merkg STM 434 IV
QAW

0.5 merkg STM 434 IV
QW

™M 434 1V

=

0.5 mg/kg §
Q3W

Cohort 3

1 mg/ks STM 434 IV Q4W

1 mgkg STM 434 IV QOW

tmg/kg 8TM 434 TV 3W

Cohort 4 2 mg/kg STM 434 TV Q4W mg/kg STM 434 TV Q2W | 2mg/kg STM 434 TV Q3W

CohortS | 4mgfks STM 434 IV QAW | 4 mghkg STM 434 IV QIW | 4 mg/kg STM 434 TV Q3W

In Part 2, the planued dose coborts are as follows:
Cohort 6 STM 434 at the RP213 IV 10 6 subjects with clear o

& subjects with granulosa cell tumors
STM 434 at the RP2D IV 1o 12 subjec

ol adenocarcinoma and to

Cohort 7 ts with serous ovaran tumors

5211 If & subject does uot have evideuce ei‘rad"ogvaphic progressive discase and has not had 2 DT,
Intrasubject | intrasubject dose escalation will be permitted to the level evaluated in the highest dosing cohort that
Dose the safety commitice has previously acci red safe and well tolerated, and at the discretion of the
Escalation | investigator. Any plans for intrasubject dose escalation require that the subject has completed the 28-
day DHUT evaluation period (or 21 -day period if on the (33W dosing schedule} and bas completed
radiographic turnor restaging post-baseloe. Intrasubject dose escalation must be discussed with the
medieal monitor.
522 Treatnent days when both liposomal doxorubicin and STM 434 are administered in Part 3, liposomal
. doxorubicin will be given first. The information specifying the 8TM 434 dose and schedule for cach
Liposomal N
.| Part 3 cohort will be provided to all sites and IRBs in a siudy memo.
Doxorabict
n Liposomal doxorubicin should be administered following the manufacturer’s preseribing information

and according 1o instituiy v-mi gu-gic mes
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3.15

Allowed
STM 434
Dose
Reductions
for Related
Toxicities

Tabie 5. STM 434 Dose Reduction

Pase Level Dose Reduction fnstructions

1" Ocewrrence:  Dhscontinue therapy
0.25 mg/kg STM 434 IV

Interrupt STM 434 wmil Grade < 1, then

0.5 mg/kg STM 434 IV P*Occurrence:  Resume af one dose-level below the initial
dose {eg, 0.25 mg/kg STM 434 TV)*

2" Qecurrence:  Discontinue thexapy

Interrupt STM 434 unul Grade < 1, then:
I mgfkg STM 434 [V 1% Qceurrence:  Resume at one dose-~level below the initial
dose (eg. 0.5 mp/rkg STM 434 [V
2% Qecurrence: Resumie at two dose-levels below the initial
dose (eg, 0.25 mg/kg STM 434 IV
3™ Oceurrence:  Discontinue therapy

[nterrupt STM 434 until Grade < 1, then:

2 mg/kg STM 434 TV 1 Geewrrence:  Resume at one dose-level below the inital
dose (2g, } mgkg STM 434 IV

2 Occurrence:  Resume at two dose-levels below the initial
dose {eg, 0.5 mg/kg STM 434 TV

3 Occurrence:  Discontinue therapy

4 mg/kg STM 4341V Interrupt STM 434 until Grade < 1, then:

1" Occurrence:  Resume at one dose-level below the initial
dose (eg, 2 mg/kg STM 434 IV)*

2% Ocourrence:  Resume at two dose-lovels below the initial
dose (eg, 1 mg/kg STM 434 IV)*

3 : . :
’ Mscomitnue therapy

=1

Cecwrrence:

The dose at which a subject resumes treatment should be confirmed with the medical monitor.

a
b I no Jower dose level exists, discontinue therapy.

for Subjects
Eeceiving
STM 434
Q4w

54.1 Subjects who have ascites requiring medical intervention should undergo paracentesis prior to L rele
o 1 Day 1 and Cyele 3 Day | dosing with STM 434 {0 mininize the possibie effects on PK sampling.
Pernutted
Medication
s/
Therapies
é. Descriptions of the procedures/assessments are provided 1 Section 7. Schedules of study procedures,
Study based on the frequency of STM 434 dosing are provided tn Appendix 1 ((24W dosing)., Appendix 2
Stods S
v {Q2W dosing), and Appendix 3 {Q3W dosing).
Procedures | = PP (Q £
6.1 ¢ The following schedule is for subjects receiving STM 434 (4w,
Procedures | 6.4.1  Screening

Laboratory studies (Iocal lab): serura chenystry, hematology panel, coagulation panel, serum
lipids, urinalysis, serum pregnancy (females of childbearing poteniial ouly), guaiac stool
testing for ocenlt blood, FSH, sex hormone {estradiol for female subjects, testosterone {or
wale subjects), fasting serurn glucose and seruni insulin for HOMA calculation, HbAle,
serum tumor biomarker(s) as appropriate for tumor type {e.g., CA-125 for subjects with
ovarian cancer; PSA for subjects with prostate cancer; CEA for subjects with colon cancer;
Miillerian Inhibiting Substance [MIS; by central lab] for subjects with granulosa cell
RIOLS )

Cancer, cardiac, and body composition radiology assessnients (within 30 days prior to starting
the first dose of study medication):

Brain MRI to exclude CNS metastases is preferred. Open MRI/CT with contrast is

acceptabie if the subjeot is nuableAwwiiling to undergo MRI.

612 Day-1
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ECG (a Holter device from the central lab is placed and worn until the Cycle I Day 2 study visit)
6.1.3  Treatment Phase
6.1.3.F Cycle I/Dav 1

e  The following assessments should be performed within 3 days prior to the scheduled visit
{laboratory studies should be completed predose) nnless otherwise stated below:

[,

ECG (subjects continue 1o wear the central lab Holter device that was placed on Day —1 until the
Cyele 1 Day 2 study visit)

Laboratory studies (local lab): serurm chenuistry, hema ‘iogv panel, coagulation panci, FSH, sex
hormene {estradiol for female subjects, testosterone for male subjects), serurn tumor
bilomtarker(s} as approprisie for tumor fype (eg, CA-125 for subjects with ovarian cancer;
PSA for subjects with prostate cancer; CEA for subjects with colon cancer; MIS [by central

lab] for subjects with granulosa cell tumors)
Postdose PK sarapling within £ 30 mainutes of the bisted sarupling time (see Appendix 4); PK
visits and sampling times should be based on the actual time of dosing
6.1.3.2 Cycle 1/Days 2,3, 8
PK. sampling within = 4 hours of the lsted samphug time {see Appendix 4); PE visits and
sampling times should be based on the actual time of dosing
6.1.3.3 Cycle 1/Day 18

within = 1 day of the histed sampling time (see Appendix 4); PK visits and
g timies shoukd be based on the actual time of dosing

PK sarupit
samplit

6.1.3.4 Cyeles 2, 4, 6./Day 1

=i

The following assessments shonld be performed within = 3 days of the schedunled visit unless

otherwise stated below:

Laboratory studies (local ia )) serarn chentstry, hematology pauel, coagulation pasel, FSH, sex
hormone {estradiol for fernale subjects, testosterone for rale subjects), serur tumor
biomarker(s) as appropriate for tumor type (eg, CA-125 for subjects with ovarian cancer;
FSA for subjects with prostate cancer; CEA for subjects with colon cancer; MIS [by central

lab] for subjects with granulosa cell tumors)

[

Specialty laboratory studies (by ceniral lab}: serum activin A, CTCs (Cyele 2 Day 1 only)

Clinical immpunology sampling for anti-STM 434 antibody

Postdose PK sarapling within £ 30 mainutes of the bisted sarapling time (see Appendix 4); PK
visits and sampling times should be based on the actual time of dosing

6.1.3.5 Cycles 3, 3, 7../Day 1 (and at Treatment Discountinuation)

Laboratory studies (Iocal lab): serunu chemidstry, hematology panel, cosgulation panel, ipid
panel, FSH, sex hormone {estradiol for female subjects, testosterone for male subjects),
fasting serum glucose, and fasting serum insulin for HOMA calculation, HbAl¢ {at Cycle 3
Day | and Treatment Discontinuation only), serum tamor biomarker(s) as appropriate for
tamor type {eg, CA-125 for subjects with ovarian cancer; PSA for subjects with prostate
cancer; CEA 10(" subjects with colon cancer; MIS [by central Iab} for subjects with granulosa
cell turors)

Specialty laboratory studies {central lab): activin A

Clintcal immunology sampling for anti-STM 434 anitbody

Postdose PK samipling within = 30 minutes of the listed sampling time (see Appendix 4). At
treatment discontionation, the PE samp}inv window 18 & 3 days. PK visi s and sampling

trmes shonld be based on the actual tme of dosiug
Cancer, cardiac and body composiiion radiclogy assessments

al lab CT/MRI of chest/abdomens/pelvis for tumor staging within 14 days prior to Day 1
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{through C7D1; theuaft or, the investigator may decrease the frequency of tumor
staging scans to once every o u“[ 1 eycle if the investigator considers the likelihood of
disease progression Lo be Eo Jre, C L CUs)

Local 1ab bone scan for tumor staging (for subjec
the investigator may decrease the fl BEHC
cycle :f the fovestigator considers th l keli
Cit, C15.)

ts with bone metastases only; after C7D1,
Y ¢ f ot staging scans 10 once every fourih
hood of disease progression to be {ow, i.e.,

Central fab DXA for body composition within 14 days prior to Day 1 (through C7D1;

el

thereatier, further DX A scans will be oollected every fourth Lya.@, te,at C11, €15)

Laocal lab MUGA or ECHO for cardiac fuuction {ouly for subjects o Part 3 who will receive
liposonual doxorubicin, at Cyele 3 only)
Muscle function test: MWT {every effort should be made to conduct this test at the same tme

of day and with the samie examiter as that performed at screeniog; after C7D1, 6MWT will
be collected every fourth cycle, ie, at Cit, C15.)

61.3.6 Cycle 3Days 2,3, 8

within + 4 hours of the bisted sampling time {see Appendix 4); PK visits and
g timies shoukd be based on the actual time of dosing

samplit

6.14 Eadof Study

3

= The end-of-study (EOS) visit should be scheduled 28 = 3 days afier the last administration of
STM 434 for subjecis who complete the study. Subjects who discontinee before completng the
study should undergo the EOS assessroents at the time of discontinuation. Assessments to be
pertormed at the EOS visit are as follows:

Specalty laboratory studies (central 1ab): serum activin A

6.2

Procedures
for Subjects
Recetving
STM 434
Q2w

The toliowing schedule 18 tor subjects receiving STM 434 Q2W. Ou thds schedule, subjects will
receive STM 434 on Day 1 and Day 15 of each 28-day cycle.
6.2.1  Screening

Except as poted, the following assessments/procedures should b
days prior to starting the first dose of study medication:

be docurnented/performed within 14

Written informed consent by subject (must be obtained before any study-speciiic procedures are
performed)
Verification that subject raeets all inclusion and exchusion criteria

Demographies and complete ruedical history, imchuding BROUAT status (ovarian and breast cancer
subjects}

Physical exarpination
Height and weight
e¢CRY¥ calculation of body pass index (BMY, based on most recent hexght and weight)

Vital signs {aural, transdermal or oral teraperature, sitting blood pressure, and heart and
respiratory rates)

ECOG performance status
Concomitant medications

Pre-treatment SAEs: reported from the time the informed consent document is signed until the
adnunistration of study medication on Day |

PRO: FACT/GOG-NTX subscale
2-lead ECG {performed and read locally)

Laboratory studies (Iocal lab): serurna chemdstry, hematology panel, cosgulation patel, serum
lipids, urinalysis, serum preguancy {females of childbearing potential ouly), guaiac stool
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testing for occult blood, FSH, sex hormone (estradiol for female subjects, testosterone for
male subjects), fasting sernm gincose and serum insulin for HOMA calculation, HbAle,
seram tumor biomarker(s) as appropriate for tumor type {(eg, UA-125 for subjects with
ovarian cancer; PSA for subjects with prostate cancer; CEA for subjects with colon cancer;
MIS {by ceutral lab| for subjects with granu ks cetl trmors)

Specalty laboratory studies (by central lab): serum activin A, CFCs, tumor sections/turaor block
for ACVR2B and INHBA gene expression {all subjects), gete rovtaton status {for subjects
with clear cell/endometrial/granulosa cell tumors)

E:

Clinical tnupnnology sampling for anti-STM 434 antibody

Cancer, cardiac, and body composition radiology assessments (within 30 days poor to starting
the first dose of study medication):

Lacal lab CT/MRI of chest/abdomen/pelvis for tumor staging
Rrain MRI to exclode ONS metastases is preferred. Open MRI/CT with contrast s

aceeptable f the subject 18 unable/unwilling to vuderge MRL

e

Local Iab bone scan for tumor staging {for subjects with bone metasiases only)

=
Central fab DXA for bady composition

ocal lab MUGA or ECHO (only for subjects in Part 3 who will receive liposomal
doxorubicin)

Muscle function test: SMWT
The 6MWT should be performed twice, the best of the 2 tests will be recorded on the eCRF
Subjects should rest for at least 1 hour between the 2 tests

Every effort should be made to conduct subsequent 6MWTs at the same time of day, with
the same examiner

62.2 Day-1

ECG (a Holter device from the central lab {8 placed aud worn until the Cycle 1 Day 2 study visit)
6.2.3  Treatment Phase
8231 Cycle Ubay 1

The {‘oliomng essments should be performed within 3 days pror to the scheduled vistt (aboratory
stuches should b ,)mpleted predose) unless ,.Lem'isc stated below:

Physical exam
Body weight
¢CRY calculation of BMI (based on most recent weight and height)

Vital signs (aural, transdermal or oral teroperature, sitting blood pressure, and heart and
respiratory rates)

ECOG performance status

ECG (subjects continue to wear the central lab Holter device that was placed on Day —1 until the
Cycle 1 Day 2 siudy visit)

Laboratory studies (local lab): serum chenistry, hematology panel, coagulation panel, FSH, sex
hormone (estradiol for female subjects, testosterone for male subjects), serurm tumor
biomarker(s) as appropriate for tumor type {cg, CA-125 for subjects with ovarian cancer;
PSA for subjects with prostate cancer, CEA for subjects with colon cancer; MIS [by central
lab] for subjects with granulosa cell toraors)

Specialty laboratory studies (by central 1ab): serum activin A

Chinical immunology sampling (by central lab} for anti-STM 434 antibod

STM 434 adniinistration

O
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Liposomal doxorabicin adminisiration (Part 3 only)
Concomtant medications
Adverse events

Postdose PK sampling within + 30 reinutes of the hsted sampling time {see Appendix 3); PK
visits and saropling times should be based on the actual time of dosing
6232 Cyole VDays 2,3, 8

Remove Holter monitor (Day 2 only)

PK saropiing within + 4 hours ¢ f }‘i iisted saropling time (see Appendix 3); PK visits and
sampling trees shonid be based on the actual time of dosing

6.2.3.3 Cyde /ay 15

[

The following assessments should be perforined on Day 15 + | day:
Physical exam
Body weight

eCRY calenlation of BMI (based on most recent weight and height}

Vital signs (aural, transdermal or oral teraperature, sit

respiratory rates)

ing blood pressure, and heart aud

ECOQG performance status

STM 434 adramistration
Concomitant medications
Adverse events

PRO: FACT/GOG-NTX subscale

Laboratory studies (local lab): serum chensistry, hematolog p nel, coagulation panel, FSH, sex
hormone (estradiol for female subjects, testosterone for male subjects)

Specialty laboratory studies (by central lab): serum activin A

PK sampling within 1 day prior to the listed sampling time (see Appendix 3); PK visits and
sampling times should be based on the actual tine of dosing

6.2.3.4 Cycles 2, 4, 6../Day 1

The following assessments should be performed within = 3 days of the scheduled visit unless
otherwise stated below:

Pliysical examination
Body weight
eCRF calculation of BMI (hased on most recent weight and height)

Vital signs (aural, ransdermal or oral tepiperatore, sittig blood pressure, and heart and
respiratory rates)

ECOQG periorraance status

STM 434 administration

Liposomal doxomrbicin administration (Part 3 only)
Concomitant medications

Adverse events

PRO: FACT/GOG-NTX subscale

12-kead BECG (using central lab equipruent)
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Laboratory studies (Iocal lab): serun chemistry, hematology panel, coagulation panel, FSH, sex
hormone (estradiol for female subjects, testosterone for male subjects), seruny tumor
biomarker(s) as appropriate for tumor type (eg, CA-125 for subjects with ovarian cancer;
PSA for subjects with prostate cancer; CEA for subjects with colon cancer; MIS [by ceniral
lab] for subjects with granulosa cell tumors)

Specialty laboratory studies (by central lab): serom activin A, CYCs {Cyele 2 Pay 1 only)

Clintcal immunology sampling for anti-STM 434 antibody

PK sanipiing within = 4 hours of the listed sampling time (see Appendix 33, PK visiis and
sampling tines should be based on the actnal time of dosing

Muscle function tests (Cyele 2 only) sMWT {every effort should be made to conduct this test at
the same time of day and with the same exaniiner as that performed at screening)

6.2.3.5 Cycles 2, 4, 6../13ay 15

The following assessments should be performed within = 3 days of the scheduled visit unless
otherwise stated below:
Physical examination
Body weight
eCRF calculation of BMI (based on most recent weight and height)

Vital signs (aural, transdermal or oral teraperature, sitting blood pressure, and heart aud
espiralory rates)

STM 434 admdnistration
Concomitant ruedications
Adverse events

Predose PXK sampling within | day prior to the ‘mvd nipling time (see Appendix 5); PK visits
and sampling times should be based on the acteal time of dosing
6.2.3.86 Cyeles 3, 5, 7./Bray 1 {(and at Treabment DHecontinuation)
The foliowing assessments should be performed within = 3 days of the scheduled visii:
Pliysical examination
Body weight
eCRY calculation of BMI (based on most recent weight and height)

Vital signs (aural, transdermal or oral femperature, sitting blood pressure, and heart and

=

respiratory rates)
ECOG performance status
STM 434 admimsiration
Liposomal doxombicin administration (Part 3 only)
Concomitant medications
Adverse events
FRO: FACT/GOG-NTX subscale
ECG (12-lead using central lab equipment)

Laboratory studies (Iocal lab): serunu chemdstry, hematology panel, cosgulation panel, hipid
papel, FSH, sex hormone {estradiol for female subjects, testosterone for male subjects),
fasting serumt glucose, and fasting serum fnsulin for HOMA calculation, HbAl¢ {at Cycle 3
Day | and Treatment Discontinuation only), serum tamor biomarker(s} as appropriate for
tamor type {eg, CA-125 for subjects with ovanan cancer; PSA {or subjects with prostate
cancer;
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CEA for subjects with colon cancer; MIS [by central lab] for subjects with granulosa cell
TMors}

Specialty laboratory studies {central lab): activin A
CHuieal momunology sampling for anti-STM 434 anubody

Postdose PX samphing within = 30 minutes of the listed s,crnphn g time {see Appendix 3). At
treatment discontinuation, the P sampling window is + 3 days. PK visiis and sampling
tirnes should be based on the actual time of dosing

Cancer, cardiac and body composition radiology assessments

Local 1ab CT/MRI of chest/abdornen/pelvis for tumor staging within 14 days puor to Day 1
( throngh C7D1; thereafter, the 111“6%&5:&‘( or piay decrease the frequency of tumor
staging scats {0 Ouce ev c?y fourth cycele if the investigator considers the lkelihood of

discase progression 16 be low, C 1. C158.)

Local 1ab bone scan for tumor staging {for subjects with bone metastases only; after C7D1,
the investigator may decrease the frequency of tumor staging scans 1o once every tfmrth
cydc 1: {'the investigator considers the likelihood of disease progression to be low, i,

Cit, C15.)
Centrai lab DXA for body composition within 14 days prior to Day 1 (fhrough C‘7D1‘
thereatfier, further DX A scans will be eollected every fourth Cycle, e, at Ct1, C15.)

Local lab MUGA or ECHO for cardiac function {only for subjects in Part 3 who will receive
liposoreal doxorubicin, at Cycle 3 only)

Muscle function test: 6MWT {every effort should be made to conduct this test at the same fime
of day and with the same examiner as that perfonued at screening; afier C7DT, 6MWT will
be collected every tourth eycle, ie, at C11, C15.)

6.2.3.7 Cyele 3/Days 2, 3, 8

PK saropling within = 4 hours of the listed saropling time (see Appendix 3); PK visits and
sampling times should be based on the actual time of dosing

8.2.3.8 Cycles 3,5, 7../Day 15

The following assessments shonld be performed within = 3 days of the scheduled visit uniess
otherwise stated below
Physical exarmination
Body weight
¢CRF calculation of BMI (based on most recent weight and height)

Vital signs (aural, transdermal or oral teroperature, sitting blood pressure, and heart and
respiratory rates)

STM 434 administration
Concomiiant medications
Adverse events

Predose PX sampling within § day prior to the bsted sarupling time (see Appendix 5); PK visi
and sampling troes should be based on the actual time of dosing

824  Ead of Study

The EOS visat should be scheduled 28 = 3 days afler the last adoxmsteation of STM 434 for subjects
who coraplete the study. Sub ;s s who discontinue before conpleting the study should u*\dergo the
FOS assessments at the time of discontinnation. Assessments 1o be perforred at the EOS visit are as
follows:

Fhysical exam

Rody weight
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eCRF caleulation of BMI {(based on most recent weight and height)

Vital signs (aural, transdermal or oral teraperature, sitting blood pressure, and heart aud
respiratory rates}

ECOQG performance status

Adverse events

PR: FACT/GOG-NTX subscale

12-lead ECG {using central lab equipment}

Laboratory studies {(Iocal lab): seruni chemistry, hematology panel, coa@uiaﬁoﬁ panel, lipid
panel, FRH, sex hormone {(estradiol for female subjects, testostercne for male subjects),
HbAle, serum turaor biomarker(s) as appropriate for tnmor tvpe (c,g” SA-125 for subjects
with ovanan cancer, PSA for subjects with prostate cancer, CEA for subjects with colon
CANCET)

Specialty laboratory studies {ceuiral lab): servm activin A

CHuieal momuonology sampling for anti-STM 434 anubody

6.3

Procedures

for Subjects

Receiving

STM 434
Q3W

Th’ following schedule is for subjects receiving STM 434 Q3W. Ou this schedule, subjects will
receive STM 434 on Day 1 of each 21-day Cycle.

63.1  Kcreening

-
S

Except as noted, the following assessments/procedures should be documented/performed within
days prior to starting the first dose of study medication:

Written informed consent by subject (must be obtained before any study-specitfic procedures are
performed)
Verification that subject meets all inclusion and exclusion criteria

Demographies and complete ruedical history, imchiding BRCAT status (ovarian and breast cancer
subjects}

Physical exarpination
Height and weight
e¢CRY¥ calculation of body pass index (BMY, based on most recent hexght and weight)

Vital signs {aural, transdermal or oral teraperature, sitting blood pressure, and beart and
respiratory rates)

ECOG pertormance status
Concomitant medications

Pre-treatment SAHs: reported from the tine the informed consent document is signed until the
adnunistration of study medication on Day |

PRO: FACT/GOG-NTX subscale
12-lead ECG (performed and read locally)

Laboratory studies (Iocal lab): serun: chemistry, hematology panel, coagulation panel, serum
lipids, urinalysis, serum preguancy {females of childbearing potential ouly), guaiac stool
testing for oceult blood, FSH, sex hormone (esiradiol for female subjects, testosterone for
male subjects), fasting serum glucose and serum insulin for HOMA calculation, HbAlc,
serum tumor bromarker(s) as appropriate for mmor type {eg, CA-125 {or subjects with
ovarian cancer; PSA for subjects with prosiate cancer; CEA for subjects with colon cancer

A1S [ by central lab} for subjects with granulosa cell tumors)
Specialty laboratory studies (by central lab): serum activin A, CTCs, twmor sections/tumor block

for ACVR2B and INHBA gene expression (all subjects), gene mutation status {for subjects
with clear cell/endometrial/granulosa cell tumors)

59




WO 2015/192127 PCT/US2015/035818

Clinical immpunology sampling for anti-STM 434 antibody

Cancer, cardiac, and body corposition radiology assessmetts (within 30 days prior to starting
the first dose of study medication):

Lacal lab CT/MRI of chest/abdomen/pelvis for tumor staging
Brain MRI to exclode ONS muetastases is preterred. Open MRI/CT with contrast s
aceeptable if the subject is unable/unwilling to undergo MRI
Local Iab bone scan for tumor staglag {for subjects with bone metastases cnly)
Central fab DXA for body composition
Musecle function test: SMWT
he 6MWT shonld be performed twice, the best of the 2 tests will be recorded on the eCRF
Subjects should rest for at least 1 hour between the 2 tests

Every effort should be made to conduct subsequent 8MWTs at the same time of day, with
the same examiner

63.2 Day-1

&

ECG {a Holter device fron: the central 1ab is placed and worn until the Cycle
6.3.3  Treatment Phase
8331 Cycle I/Day 1

iy 2 study visit)

The foliowing assessments should be performed within 3 days pror to the scheduled visit (Iaboratory
studies should be completed predose) unless otherwise stated below:

Fhysical exam
Body weight
¢CRY calculation of BMI (based on most recent weight and height)

Vital signs {aural, transdermal or oral temperature, sitting blood pressure, and heart and
respiratory rates)

ECOG performance status

ECG (subjects continue to wear the central lab Holter device that was placed on Day —1 until the
Cycle 1 Day 2 siudy visit)

Laboratory studies (local 1ab): serum chenstry, hematology panel, coagnlation panci, FSH, sex
hormone (estradiol for female subjects, testosterone for male subjects), serurm tumor
bilomarker(s) as appropriate for mmor type {eg, CA-125 for subjects with ovarian cancer;
PSA for subjects with prostate cancer; CEA for subjects with colon cancer; MIS [by central
lab] for subjects with granulosa cell turiors)

Speaialty laboratory studies (by central lab}: seram activin A

Clinical imununology samipling (by central lab) for anti-STM 434 anubody
STM 434 admdmstration

Concomitant medications

Adverse events

Postdose PK sampling within = 30 minutes of the listed sampling titae (see Appendix 6); PK
visits and sampling times should be based on the actual time of dosing

6.3.3.2 Cycle 1/ays 2,3, 8
Remove Holter monitor (Day 2 only)

PK sarupling within = 4 bours of the listed sanpling time (see Appendix 6); PK visits and
bc.mphl‘g tintes should be based on the actual time of dosing
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6.3.3.3 Cycle 1/Day 13

PK. sampling within £ 1 day of the listed sampling true (see Appendix 6); PK visils aud
sampling times should be based on the actual tine of dosing

63.3.4 Cycles 2,4, 6../Day i

The following assessruents should be performed within = 3 days of the scheduled visit unless
otherwise stated below

Pliysical examination
Body weight
eCRY calculation of BMI {(based on most recent weight and height)

Vital signs {aural, transdermal or oral teniperature, sitting blood pressure, and heart and
respiratory rates)

ECOG performance status
STM 434 administration
Concomitant medications
Adverse events
PRO: FACT/GOG-NTX subscal
Z-lead ECG {using central lab equipment}

Laboratory studies (focal lab}: serum cheraistry, bernatology panel, coagulation panel, FSH, sex
hommne {estradic] for female subijects, testosterone for male subjects), serum turaor
biomarker(s) as appropriate for tumor type (eg, CA-125 tor subjects with cvarian cancer;
PSA for subjects with prostate cancer; CEA for subjects with colon cancer; MIS {by central
lab] for subjects with granulosa cell tumors)

Specialty laboratory studies (by central lab): serum activin A, CTCs (Cycle 2 Day 1 only)
CHuieal momuonology sampling for anti-STM 434 anubody

PK. sampling within = 4 hours of the lsted samphug time {see Appendix 6); PE visits and
sampling times should be bhased on the actual mne of dosing

ey

Muscle function tests (Cycle 2 ondy) 6MWT {every effort should be made to conduct this test at
the same time of day and with the same examiner as that performed at screening)

6.3.3.5 Cycles 3, §, 7../Day 1 {and at Treatment Discontinuation)

The following assesstuents should be performed within = 3 days of the scheduled visit:
Physical exammation
Body weight
¢CRY calculation of BMI (based on most recent weight and height)

Vital signs (aural, transdermal or oral temperature, sitting blood pressure, and heart and
respiratory rates)

ECOG performance status

STM 434 administration
Concomitant medications
Adverse eveuts

PRO: FACT/GOG-NTX subscale

ECG (12-lead using ceniral lab eguipraent)
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Laboratory studies {(local lab): serun chemistry, hematology panel, coagulation panel, lipid
panel, FSH, sex hormone {estradiol for female subjects, testosterone for male subjects),
fasting serum glucose, and fasting serum insulin for HOMA calculation, HbAlc {at Cycle 3
Day 1 and Treatment Discontinuaton only), serum mmnor biomarker(s} as appropoate for
tamor type {eg, CA-125 for subject% with ovanan cancer; P‘«BA for subjects with prostate
cancer; CEA for subjects with colon cancer; MES {by central lab} for subjects with gramlosa
cell tumors)

Specialty laboratory studies (ceuntral lab): acuvin A
Clincal immuonology sampling for anti-STM 434 anubody

Postdose PX samphog within =+ 30 mimutes of the listed samp}inv tine (see Appendix 6). Al
treatment discontionation, the PE samphug wi*xdow 18 =+ 3 days. PK visits and sampling
tines should be based oun the actual tirne of dosing

Cancer, cardiac and body composiiion radiclogy assessments

Local lab CT/MRI of chest/abdoren/pelvis for tumor staging within 14 days poor to Day 1
(through C7D1; thereafter, the {nvestigator may decrease the freq‘xef\g y of turnor
staging seaus 10 ouce every fourth cycle 1 the {ovestigator cousiders the likelihood of
disease progression o be low, ie, Cil, C15.)

Local 1ab bone scan for tumor staging {for subjects with bone metastases only; after C7131,
the investigator may decrease the frequency of tuntor staging scans to once every fourth
cycle if the investigator considers the likelihood of disease progression to be low, ie,
CiL, G5

Central lab DXA for body composition within 14 days prior to Day 1 (through C7D1;
thereafier, further DX A scans will be collected every fourth Cycle, ie, at Ci1, C15.)
Muscle function test: SMWT (every effort should be made to conduct this test at the same time
of '*‘av zmd with the same exantiner as that ‘ps—:r'” ormed at screening; after C7D1, 6MWT will
be collected every fourth cyele, ie, at C11, €15,
6.3.3.86 Cyele 3/ays 2,3, 8

PK sampling within = 4 hours of the listed sampling time {see Appendix 6); PK visits and
sampling times shounid be based on the actual time of dosing
634  End of Study

The EOS visit should be scheduled 28 days afler the last adnuinistration of STM 434 for subject

8¢ w2
who complete the study. Sy b;cwt» who discontinue before completing the study should undergo hﬂ

EOS assessments at the tioe of dlmontmuamu Assessments 10 be performed at the EOS visit are as
follows:

Physical exam
Body weight
¢CRY calculation of BMI (based on most recent weight and height)

Vital signs (aural, transdermal or oral teroperature, sitting blood pressure, and heart and
respiratory rates)

ECOG performance status

Adverse events

FRO: FACT/GOG-NTX subscale
12-kead BECG (using central lab equipruent)

Laboratory studies (local lab): serure chenystry, hematology panel, coagulation panel, hipid
panel, FSH, sex hormone {(estradio] tor female subjects, testosterone for male subjects),
HbA e, serum tumor biomarker(s) as appropriate for tumor type {eg, CA-125 tor sub'ects
with ovartan cancer, PSA for subjects with prostaie cancer, CEA for subjects with colo
cancer)
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Specialty laboratory studies {central lab): serum activin A

CHuieal momuonology sampling for anti-STM 434 auibody

7. e  Fach efficacy and safety variable {s described below. The schedules for all assessments are hsted
Efficacy in Section 6 and are provided in tabular format in Appendix 1 {(for Q4W dosing [Schedule AJ),
c . PN . r -
and Safety Appendix 2 {for Q2W dosing [Schedule B]), and Appendix 3 {for Q3W dosing {Schedule C}).
1d »aicty i i
Assessment
7.1 e STM 434 plasma concentrations will be determined by a ceniral laboratory (blood samphug
Pharmacoki times are described for Q4W, Q2W, and Q3W dosmng of STM 434 11 "\;i ndix 4, Appendix 5,
fed AN U . B
. and Appendix 6, respectively),
tetics and Appendix 6, respectively)
7.2.4.1 s All biomadker laboratory sanaples should be collected prior to dosing.
Biomarkers

72411

Tumor
Biomarkers

Turmor markers should not be used as the sole evidence of disease progression in the absence of
RECEST 1.1 radiographic progression.

7.24.12

Serura
Tumor
Biomarkers
{Activin A,
FSH,
Estradiol,
Testostero
¢}

Since inbibin biomarker measurements m granulosa cell tumor paticnts wmay be contounded i the
presence of STM 434, central fab MIS assays may be performed.

7.2.4.13

Tissue
Tumor
Biomarkers

Formalin Fized Paraffin embedded tunor sections will be examined for autocrine/paracrine signaling
by measuring mENA 101' the receptor ACVRIB and ligand INHBA (all subjects} at screening using a
validated RNAScope” assay.

7242

Serum
Lipids

All Hpid samples should be collected prior to dosing.

7.2.43

Fasting
Serm
Glucose
and Insulin
by
Homeostali
¢ Model
Assessment
, antd
HbAle

All fasting insubin and glocose and HoA Te samples should be collected prior 1o dosing.

3

Safety

All safety laboratory samples should be coilected prior to dosing.

9.6

Saniple
Size
Deternnnati

N

atolal of 75 subjects {consisting of up to 39 subjects in Part 1,

‘he study is plansed o enroll up o a
§in bjects 1 Part 3),

L
1 Part 2, and up to 12 su

1
e
J
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on

Appendices Appendiz 1 was modified to align with study procedures specilic for (24W dosing ¢f STM 434

Appendix 2 summanizes stady procedures speeific for Q2W dosing of STM 434

Appendix 3 summanizes stady procedures speeific for Q3W dosing of STM 434

Appendix 4 was modified to speaify the PK sampling schedele during Q4W dosing of STM 434
Appendix 5 summarizes the PK sampling schedule dudng Q2W dosing of STM 434

Appendix 6 sumimanizes the PK sanpling schedule during Q3W dosing of STM 434

Appendix 1: Study Proceduores for STM 434 Administered Q4W
Treatment Phase
Cycle 1 Cycles 2, Cyeles 3,5, 7...
Screening 4, 6...
Bay Bay Day Dray Dhay Tl‘e‘&? El’l‘d
3 i Tray I i Day 15 ment of
=14 P Bay | s | 82 | @y Day 1 3 $2, | @1 | Discon | Stud

Evaluation to 1 -1 days) | 3,8 | dap i+ 3 days} days) | 3,8 day) 1 ¥
Consent form X
signed
Medical history, X
Dewmographics,
Prior cauncer
therapies
Physical exam, X X X X X X X
Height and
Wedght'
Stool goaiac exam | X
Vital signs’® X X X X X X X
ECOG X X X X X X X
BCGE X X X X X X X
FACTAGOG- X X X X X X
NTX
MUGA or ECHO | X° e e
STM 434 X X X X
adunnistration
Liposomal X X X X
doxorubicin
dosing
administration’
Concomitant X X X X X X X
medications
Adverse everis X X X X X X X
Hematology X X X X X X X
Coagulation panel X X X X X X X
{ P, PET, INR,
T, I)-dim(—:i‘”)
Serun chemistry X X X X X X X
Fasting glucose X X X
and fasting fusulin
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Appengix 1: Study Procedures for STM 434 Administered Q4W
Treatraent Phase
Cycle 1 Cycles 2, Cycles 3,5, 7...
Screening 4, 6...
Day Day Day Day Day Freat | End
$ 1 Day 15 1 Pay 15 ment of
~14 | Day -3 s2, 1 Dray 1 (13 s 2, 1 Dislmn Sh;d
Evaluation to 1 -1 daysy | 3, day) (& 3 days) days) | 3, 8 day) Y
HbALe" X X" X" X
Serum lipids X X X X
Serunt tornor .4 X X X X X
tiomarkers'
Tissue tunior X
biomarkers"
Urinalysis X
{dipstick}
Serum X
pregnancy’®
Activin A (free X X X X X X X
aud total)
CTCs X" XV
FSI, estradiol X X X X X X X
{female subjects),
testosterone {tale
subjects)
Central lab DXA | X* X" X"
S-mimite walk X X% X X
test
Screening brain X
CT/MR]
Chest/abdomen/p | X X" X"
elvis CT/MRI
Bone scan’! K X K
Disease X X
PrOression
assessmeni’
Anti-STM 434 X X X X X X
antibody
Predose PK. X" X x* x*
Postdose PK XP L XP XY X xX* X
Footnotes to Study Procedures
U The Treatment Discontinuation visit can occur at any scheduled or unscheduled vistt when appropriate. At this visit,
documentation to contirm progressive disease or unaccepiable toxicity is required.

2 The FOS visit should be scheduled 28 + 3 days following the last administeation of §TM 434
* Subject weight is recorded at each visit: height is recorded only at the screening visit.
* Srool guaiac is reqused at screemng and may be sepeated at the discretion of the investgator post-baseline,
* Vital signs: aural, transdermal or oral temperature, sitting blood pressure, heart rate, and respuatory rate
6 ]

After the sereeping visit, BCGs must be coilected using equiprnent trom the cenirval iaboratosy. Starting on Day —|
s will wear a Holter monttor continuously uniil the Cycle 1/Day 2 visit, at which time the Holrer monitor will be

subject
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removed. On Day 1 of each of the subsequent cycles and ar the EOS visiy, 12-Jead ECGs will be obtained with the central
iab equipment.

5 R

The FACT/GOG-NTX may be collected at unscheduled visits if needed to assess an AR of neuropathy.

¥ Only subjects in Part 3 require MUGA or BCHG to document the cardiac ejection fraction for liposomal doxorubician
administration. The choice of MUGA or ECHO ts at the mvestigator’s discretion, but once a modality is selected, the
same method should be used for the subject throughout the study period. MUGA/ECHG 1s 1o be parformed only at
‘screening and Cycle 3 Day 1. In the event that a doxorubicin-treated subject in Part 3 discoptinues prior to Cycle 3 Day
1, a MUGA/ECHQO should be performed at the treatment discontinmation vistt,

o . ‘ . . n
Liposomal doxorubicin administration s imited to subjects in Part 3 of the study.

Y Pretreatment SAEs should be reported from the time the informed consent document is signed il the administration of
study medication on Cycle | Day 1.

U

AE follow-up 1s required for 30 days following the last administration of STM 434 to determine if there are any new or
ongoing AEs or SAHs regardless of attribution of causality. Follow-up may be conducted via telephone and must be
documented 1 the source notes.

2 Seroening and Cyele 2 Day 1 only.

B HoAle wili be collected and analyzed at screening, Cyele 3 Day 1, Treament Discontimuation, and BOS only.

" Serum tumor Momarkers can wnclude CA-123, PSA, CA 19-9, CHA, or sther biomarkers as appropriate based on the
subject’s wamor type. For patients with granulosa cell tumors, perform ceniral Iab MIS on Day 1 of each cycle.

> Tissue tumor biomarkers inchade tumor sections/umor block for ACVR2R and INHBA gene expression (all subjects) as

weil as gene mutation satus (for subjects with clear cell/endometrial/granulosa cell tamors).

s ¥ T - - P
Females of childbearing potential only.

17

CTCs will be collected at sereening and Cyele 2 Day 1 ouly.

18 Scans (DXA, CT, MRI, Bone) performed up to 30 days prior to Cycie 1 Day 1 can be used for the baseline assessments,

O n-study DXA, CT/MRI and bone scans can be done within 14 days prior to the Day 1 visit. After scans are performed
at the Cycle 7 Day 1 vistt, subsequent scans may be performed every fourth eycle if the investigator considers the
’iikeiiho-ﬁ)d of disease progression low.

2 G-minute watk 1est will only be completed at the Cyele 2 Day 1 visit.

2 Boene scan assessments should be conducted at the investigaior’s discretion, for example, if the subject has tumors
metasiatic to bone,

)

The investigator should assess the radiographic scans according to RECIST 1.1 (Appendix 7
“The deriled scheduls for PK assessments is presented in Appendix 4 of this protocol. Note that the Day 2, 3, and & PK

assessments are performed at Cycle 1 and Cycle 3 only.

Appendix 2. Stody Procedures for STM 434 Administered Q2ZW (STM 434 Dosing on
Bays 1 and 15 of each 28-Day Cyele)
Treatmeni Phase
Cycles 2, 4,
Sereening Cyele © 8... Cycles 3,3, 7...
Day Day | Day | Day | Day Day Ireat | End
Days 1 Day 15 1 15 { Day 15 raent of
—14 Day -3 k) 2, 1 3 3 &3 2, 3: (r'i Disco Stud

Evaluation to 1 ~1 days) § 3,8 | day) | days) | days) | days) 8 days) a' yz
Consent torm X
*u]”('kwu
Medical history, X
Demnographics,
Prior cancer
therapies
Phiysical exam, X X X X X X X X X
Height and
Wetght'
Stool guasac x*
exam
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Appendix 2. Study Procedures for STM 434 Administered Q2IW (8TM 434 Dosing on
Bays 1 and 13 of each 28-Bay Cyele)
Treatment Phase
Cycles 2, 4,
Screening Cyele 1 f... Cyeles 3,5, 7...
s Pay | Day | Day | Day | Day | | Day Treat Erff“

ays 1 T T A T A | ay | yg | Jeemt o6

-14 Di&y 3 5 2, @1 *3 *3 &3 2, 3, *3 Bisco Stud
Evaluation to i =3 {daysy | 3,8 | gday} | gdaysy | days) | days) 8 days) ' ‘yz
Vital signg’ X X X X X X X X X
HCOG X X X X X X X
ECG’ X X X X X X X
FAC '_E‘/GOG— X X X X X X
NTX'
MUGA or BCHO | X X x¢
STM 434 X X X X X X X
adnunistration
Liposomal X X X X
doxorubicin
dosing
administration’
Concontant X X X X X X X X X
wiedications
Adverse events X" X X X | X X X X X"
Hematology X X X X X X X
Coagulation X X X X X X X
paunel (PT, PTT,
INR, TT",
D dimer'?)
Serum chernustry X X X X X X X

X X X
and fasting
insulin
HbAlc" X X X X
Serum lipids X X X X
Seruny tnmor X X X X X X
biomarkers'
Tissue tumor X
Biomarkers'
Urinalysis X
{dipstick}
Serum X
pregnancy’®
Activin A (free X X X X X X X
aud total)
CTCs X" X"
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Appendix 2. Study Procedures for STM 434 Administered Q2IW (8TM 434 Dosing on
Bays 1 and 13 of each 28-Bay Cyele)
Treatment Phase
Cycles 2, 4,
Screening Cyele 1 f... Cyeles 3,5, 7...
Pray Day | Day | Day | Day Day | Lrest | End
I}‘;ya 3 Bay | 5 1 5 1 Tiay i5 rximt of
-14 Di&y 3 5 2, @1 *3 *3 &3 2, 3, *3 DRSECQ Sti;d

Evaluation to i =3 {daysy | 3,8 | gday} | gdaysy | days) | days) 8 days) n y
FRH, estradicl X X X X X X X
{female subjects),
testosterene
{male subjects)
Central lab DXA X' X" x?
&-piunute walk X X% X X
iest
Screening brain X
CT/MRI
Chest/abdomensp | X' X X
ehvis CT/MRI
Bone scan’! X' X X
Disease X X
progression
assessmenis
Anti-STM 434 X X X X X X
antibody
Predose PX. x= XP oL xE oy K X
Postdose PK. X®ix? I x® | X x”
Footnotes to Study Procedures
' The Treatment Discontinuation visit can oceur at any scheduled or unscheduted visit whes appropriate. At this visit,

documentation to confirm progressive disease or unacceptable toxicity is reguired.

“ The BOS visit should be scheduled 28 -+ 3 days foliowing the last administration of 8TM 434,

* Subject weight is recorded at each visit; height is recorded only at the sereening visit.

*  Stool guatac is required af screening and may be repeated at the discretion of the investigator post-baseline.

7 Vital signs: aural, transdermal or oral temperature, sitting biood pressure, heart rate, and respitatory 1aie

¢ After the screening visit, FOGs must be collected using equipment from the central laboratory. Starting on Day 1
subjects will wear 2 Holter monitor comttnuously until the Cyele 1/Day 2 visit, at which time the Holter monitor will be
removed. On Day 1 of each of the subsequent cycles and at the EOS visit, | 2-lead ECGs will be obtained with the central
iab equipment.

" The FACT/GOG-NTX may be collected at wnscheduled visits if needed to assess an AH of neuropathy.

¥ Only subjects in Part 3 require MUGA or BCHO to document the cardiac cjection fraction for liposomal doxorubicin
administration. The choice of MUGA or ECHO is at the investigator’s discretion, but once a modality is selected, the
same method should be used for the subject throughout the study period. MUGA/ECHG 1s to be performed only at
screening and Cycle 3 Day . In the event that a doxorubicin-ireated subject in Part 2 discontinues prior to Cyele 3 Day
1, a MUGA/ECHO should be performed at the treatment disconting

* Liposomal doxorubicin admimstration is fimited to subjects in Part 3 of the study.

0 pretreatment SAES should be reporied from the time the informed consent document 18 signed vntil the adminstration of
study medication on Cycle 1 Day 1.

i

AE follow-up 1s required for 30 days following the last adminiswation of STM 434 to determine if there are any new or
ongoing AEs or SAHs regardiess of atinbution of causality. Follow-up may be conducted via telephone and must be
documented 1 the source notes.
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12 Sereening and Cyele 2 Day 1 only.

¥ HbAle will be collected and analyzed at screening, Cycie 3 Dy |, Treatment Discontinuation, and BEGS cnly.

Y Serum tumor biomarkers can include CA-125, PSA, CA 19-9, CHA, or other biomarkers as appropriate basad on the
subject’s tamor type. For patients with gramulosa cell tumors, perform central tab MIS on Day 1 of each cycie.

Y Tissue tumor biomarkers include tumor sections/tumor block for ACVRZE and INHBA gene expression (all subjects) as
weil as gene mutation status (for subjects with clear cell/endometnal/granulosa cell mmors).

16 M N aif . -

° Females of childbearing potential only.

7 OTCs will be collected at screenting and Cyele 2 Day 1 only.

% Seans (XA, CT, MRI, Boue) performed up to 30 days prios o Cyele 1 Day 1 can be used for the baseline assessments.
On-siady DXA, CT/MRY and bone scans can be done within 14 days prior to the Day 1 visit. Afier scans are performed
at the Cycle 7 Day 1 visit, subsequent scans may be pertormed every fourth eycle if the twvestigator considers the
tikelthood of disease progression low.

0 . T o

0 gominme walk test will only be complered at the Cycle 2 Day | visit.

Bone scan assessments should be conducted at the wvestigator’s discretion, for example, if the subject has tumors
metastatic to bone.

2 The investigator should assess the radiographic scans according to RECIST 1.1 (Appendix 7)

“* The detailed schedule for PX assessments is presented in Appendix 5 of this protocol. Note that the Day 2, 3, and 8 PK

assessments are performed at Cyele § and Cycle 3 only.

Appendix 3, Study Procedures for 8TM 434 Administered Q3W
Treatmeni Phase
Cycles 2, 4,
Nereening Cyele 1 i T Cycles 3, 5, 7...
s pay | | Pay Treat E“;‘
gya 1 BDay i5 Day 1 t?mm wqt
—14 Bay -3 s2, 1 Day 1 3 Day 2, | Discon | Stud
Evaluation fo} ~1 days) | 3.8 day} (3 days) days) 38 ! y2
Counsent form X
signed
Medical history, X
Demographics,
Prior cancer
therapies
Physical exam, X X X X X X
Height and
Weight®
Stool guaiac x!
exanm
Vital signg’ X X X X X X
BOOG X X X X X X
ECG® X X x° X X X X
FACT/GOG- X X X X X
STM 434 X X X X
administration
Concomitant X X X X X X
medications
Adverse events X8 X X X X x°
Hematology X X X X X X
Coagulation X X X X X X
panel {(PT, PTT,
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Appendix 3. Stpdy Precedures for STM 434 Administered Q3W
Treatment Phase
Cycles 2, 4,
Screening Cycle | 6... Cycles 3,5, 7...
Thav Thav Treat Erd

Pays 1 Pay 15 Day 1 E}em ‘uf

~14 | Day (-1 $2. 1 w1 Dav 1 (23 Day 2, | DHscon | Stud
Evaluation to i -1 daysy 1 3,8 day) {3 days) days) 38 . y2
INR, TT,
D-dimer””
Serun chernistry X X X X X X
Fasting ghuicose X X X
and fasting
insulin
tHbAle! X XM x'" X
Seram Lipids X X X X
Serun: tnmor X X X X X X
biomarkers'
Tissue turpor X
biomarkers”
Urinalysis X
{dipstick}
Serom A X
preguancy’?
Activin A (free X X X X X X
and total)
CTCs X X
FSH, estradiol X X X X X X
{female subjects),
1estosierone
{ruale subjects)
Central lab DXA | X' X" x"
S-minute walk X x1 X X
test
Screening brain X
CT/MR1
Chest/abdomen/p | X°¢ XY X"
elvis CT/MRY
Bone scan'” X' xV X7
Discase X X
PrOGIEssIOn.
assessment’
Anti-STM 434 X X X X X X
antibody
Predose PK X X X X
Postdose PK SIS CHE D G X" x*

Footnotes to Sindy Procedures
1

The Treatment Discontinuation visit can occur at any scheduled or unscheduled visit when appropriate. At this visit,
documentation to confirm progressive discase or unacceptable toxicity is required.
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< The EOS visit should be scheduled 28 + 3 days following the last admintstration of §TM 434,

> Subject weight is recorded at each visit; height is recorded only at the screening visit.

* Stool guaiac is required at screening and may be repeated at the discreticn of the investigator post-baseline.

s o - \ .

T Vital signs: aural, transdermal or oral temperature, sitting blood pressure, hieart rate, and respiratory rate

¢ Afier the sereening visit, BOGs must be collected using equipmens from the cemiral laboratory. Starting on Day —1
subjects will wear a Holier monitor continuously until the Cycle 1/Day 2 visit, at which time the Holter monitor wilf be
removed. On Day 1 of each of the subsequent cycles and at the EOS visit, 12-lead ECGs will be obtained with the central

b equipment.

" The FACT/GOG-NTX may be collecied at unscheduled visits if needed 1o assess an AE of neusopathy.

8 ot .

Pretreatment SAHs should be reported tfrom the time the informed consent document is signed until the admimstration of
study medication on Cyele 1 Day 1.

?  AF follow-up is requived for 30 days foliowing the last administration of §TM 434 to derermine if there are any new or
ongoing AEs or SAHs regardiess of atiribution of causality. Follow-up may be conducied via telephone and must be
documented 1w the source notes.

10

Screening and Cycle 2 Day 1 oaly.
"' HbAtc will be collected and analyzed at sereening, Cycie 3 Day 1, Treatment Discomtinuation, and EOS only.

Serum tumior biomarkers can include CA-125, PSA, CA 19-9, CEA, or other biomarkers as appropriate based on the
subject’s tamor type. For patients with granulosa cell tumors, perform ceniral Jab MIS on Day 1 of each cyele.

¥ Tissue tumor biomarkers inchude tumor sections/tumor block for ACVR2B and INHBA gene expression (all subjects) as
weill as gene mutation status (for subiects with clear cell/endometrial/granulosa cell tum nn's)‘

% Femaies of childbearing potential only.

S mvrpien : . ~ - 4

I CTCs witd be collected at sereening and Cyvele 2 Day § only,
Scans (DXA, CT, MR, Bone) performed vp to 30 days prior to Cycle 1 Day 1 can be used for the baseline assessments.

Y Onestody DXA, CT/MRI and bone scans can be done within 14 days prior to the Day 1 visit. After scans are performed
atthe Cyele 7 Day 1 vistt, subsequent scans may be performed every fourth eyele if the investigator considers the
itketihood of diseass progression low.

18 . ,, o p w . . s

¥ G-minute wall test will only be completed at the Cyele 2 Day 1 visit.

Y Bone scan assessments should be conducted at the investigator's discretion, for example, if the subject has tumors
metasiatic to boue.

20y . . : . 5CTQT

Y The investigator should assess the radiographic scans according to RECIST 1.1 (Appendix 7}

21

The detaied schedule {for PK assessments 18 presented in Appendix 6 of this protocol. Note that the Day 2, 3,

and 8 PK assessments are performed at Cycle 1 and Cyele 2 only.

Appendix 4. Pharmacekinetic Evaluation Schedule for Q4W Administration of
ST 434
Part 2
Part I (Bose {Monetherapy
Hecalation} Dase Kxpansion) Part 3 (8TM 434 + Liposemal Dexpeabicin}
STM 434 STh 434 STM 434 Poxerubicin/Dexerubicine
Cyele and Day Saraphag® Sampling” Sampling” 1 Sanapiing”
Cyele 1 Day 1 Predose Predose Predose Predose
Fud of infusion End of mfusion Eud of infusion End of infusion
1,2, 6 hafter 1,2, 6 haiter 1.2, 6 hafter 1,2, 3,4, 6h after the
mfusion infision mifusion infusion
Cycle 1 hay 2 24 hafter | - 24 b after {ufusion 24 tafter inflsion
fusion
Cyele 1 Day 3 dgbafler | - 48 b after mfnsion 48 B after intosion
infusion
Cycle 1 Day 8 fe8hafter | 00— 168 h atier 168 h after infusion
mfusion mifusion
Cycle 1 Day 15 336 L after 336 hatter 336 hafter 336 b after infusion
fusion infusion infusion
Cyele 2 Day 1 672 h after Cycle | 672 b afier Cycle 672 hafter Cycle 1 | End Cycle 1/Predose Cyele
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1
End of infusion
Cycle 2

End of mfusion
Cycle 2

Eud of infusi
Cyele 2

1

2.
<

Py
L

End of infusion Cyele 2

2

672 h after Cycle

672 b afier Cyele 2
End of infusion

End Cyecle 2/Predose Cycle3
FEnd of infusion Cyele 3

End of infusion Cyele 3 Cycle 3 1,2, 3,4, 6 hafter infusion
Cyele 3 i,2, 6 hafter 1, 2.6 hafter
i,2,6hafter infusion miusion
ntusion
Cycle 3 Day 2 Zéhatter | 00— 24 h after infusion 24 h afier infusion
mfusion
Cyele 3 Day 3 48 h after — 48 b atter infusion 48 h after infusion
mfusion
Cycle 3 Day 8 168 hafter | 00000 — 168 h afier 168 h after infusion
ntusion wiusict
Cycle 3 Day 15 336 h afier 336 L after 336 h atier 336 h afier infusion
mfusion infusion miusion
Cycle4 Day 1 672 hafter Cycle | 672 hatter Cyele 3 | 672 hoafter Cycle 3 | End Cycele 3/Predose Cycle
3 Eund of infusion “nd of infusion 4

End of infusion
Cycle 4

Cyele 4

Cycle 4

End of infusion Cycle 4

Cy

<

cle 5 Day |
4
End of infusion
Cycle 5

§72 h atter Cycle

End of infusion
Cycle 5

672 k after Cycle 4

672 b afier Cycle 4
Ead of infusion
Cyele 5

672 b after Cycle 4
End of infusion Cycle 3

Treatment
Discontinuation

672 h after the
final infusion

672 h atier the final
miusion

672 h alter the final infusion

b

For Q34W dosing, postdose PK sampling windows are as follows:

ASTM 424 sampling times are relative to STM 434 dosing.

All doxorubicin/doxorubicinol sampling times are relative o tiposemal doxorubicin dosing.

Cyele 1 Day 1: £ 30 minutes
Cyele 2 Day 1: + 30 minutes
Cyele 3 Dray 104 30 minutes
Cycle 4 Day 1 + 30 minutes

Cyele 8

Day 1: £ 30 minutes

Days 2, 3, 8: = 4 howrs

Dhays 2, 3, & £ 4 hours

Day 15: £ 1 day

Pay 15: 4+ 1 day

Appendix 5.

{STM 434 Dosing on Days 1 and 18 of cach 28-Bay Cyele)

Pharmacokinetic Evaluation Schedule for Q2W Adminisiration of

ST 434

Part 1 {(Dose

Part 2
{Moxnntherapy

Escalation) Dose Expansion) Part 3 {(8TM 434 + Lipssomal Boxerubicin)
STM 434 STM 434 STM 434 Doxorabicin/Doxarubicias
Cycle and Day Sampling® Sarapliog’ Sampling® 1 Sampling”
Cycle 1 Day | Predose Predose Predose Predose
End of mfusion End of infusion End of infusion End of infusion
1,2, 6 haifter 1,2,.6 hafler 1,2, 6hafter 1,23, 4,6 haifter the
rafusion infusion rafuision infusion
Cycle 1 Day 2 Zdhafter = — 24 % after infusion 24 h after infision
infisior
Cycle 1 Day 3 48bhatter | 00— 48 h after infusion 48 b afier wiusion
infusion
Cycle 1 hay 8 feShafier {68 h afier 168 b afier mefusion
rafusion rafuision
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Cycle 1 Day 15

Predose

Predose

Predose

Predose

Cyele 2 Day 1

Predose Cycle 2

Predose Cycle 2

Predose Cycle 2

Predose Cyele 2

Cycle 2 Day 13

Predose

Cycle 3 ay 1

Predose
Predose Cycle 3
End of mfusion

Predose Cycle 3
Fud of infusion

Predose Cycle 3
End of mfusion

Predose Cycle3
End of infusion Cycle 3

Cycle 3 Cyele 3 Cycle 3 1, 2,3, 4, 6 b after infusion
1,2, 6 haiter 1,2, 6 hafter i, 2,6 hafter
mf usion Cycle infision Cycle infusion Cycle
Cycle 3 Day 2 24 h after — 24 b atter infusion 24 h after infision
infusion
{Cyele 3 Day 3 dshaftec {0 - 48 1t after infusion 48 B after infosion
intusior
Cycle 3 Day 8 t68hafter | — 168 h atfier 168 h after infusion
mfusion mfusion
Cycle 3 Day 15 Predose Predose Predose Predose
Cycle 4 Day 1 Predose Cyole 4 Predose Cycle 4 Predose Cyole 4 Predose Cycle 4
Cycle 4 Day 15 Predose Predose Predose Predose

Cyele 5 Day 1 Predose Cycle 8 Predose Cyele 3 Predose Cycle 8 Predose Cyele 3
Fuad of intusion End of {nfusion Fuad of intusion End of fusicn Cycle 5
Cyele 5 Cycle 3 Cyele ¢
reatnlent 672 hafterthe + 672 h after the final 672 h after the final infusion
Hscontinuatio final infusion musion

u

*OAUSTM 434

b

For 32W dosing, postdc

Cyele 1
Cyeles 2, 4
Cyele 3
Cyele 8

sampling times are relative to STM 424 dosing.

Day 1: = 30 minutes
Day §: = 4 hours

Day 1+ 30 minvtss
Day 1+ 30 minvtss

e PK samphing windows are as follows:
Days 2, 3, 8: + 4 bowrs

Days 2,3

2, 80 4 howrs

All doxorubtein/doxorubicino! sampling times are relative to liposomal doxorubicin dosing.

Day 15: within | day prior to dosing
Day §5: within 1 day prior to dosing

Day 15

within 1 day pror to dosing

Appendix 6.

{STHM 434 Dosing on Day 1 each 21-Day Cvele)

Pharmacokinetic Evaluation Schedule for Q3W Administration of

ST 434

Part 2 {(Monotherapy Dose

Part I (Dose Escalation) Expansion)
Cycle and Day S5TM 434 Sampling” STM 434 Sampling”
Cycle 1 Day 1 Predose Predose

End of infusion

t, 2, 6 hafter infusion

>

Eund of infusion
1, 2, 6 h after miusion

Cyele Ty 2

24 h after infusion

Cycie iDay3

48 I after infusion

Cyele 1 Day 8

168 b after infusion

Cycle 1 Day 15

336 h after infusion

336 h after infusion

Cycle 2 Day 1

Predose Cycle 2

Cyele 3 Day 1

Predose Cycle 3
Fod of infusion Cycle 3
1, 2, 6 h after infusion Cycle 3

Predose Cycle
End of fufusion Cy 1 3
1, 2, 6 b after infusion Cycle 3

Cycle 3 Day 2

24 h after infusion

Cycle 3Day 3

48 h after infusion
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Cycle 3 Day 8

~

168 h after infusion

Cycle 4 Day 1

Predose Cycle 4

Predose Cycle 4

Cyele 5 Day 1

Predose Cycle S
End of infusion Cycle 3

Predose Cycle §

End of {ufusion Cycle 3

Treatment Discontinuaiion

572 h after the final infusion

? AILSTM 434 sampling times are relative to STM 434 dosing.

For Q3W dosing, postdose PK sampling windows are as follows:

Cyele 1 Day 1: £ 30 minutes Days 2, 3, 8: = 4 howrs Day 15: £ 1 day
Cyele 2 Bay 1: + 4 hours

Cyele 3 Dray 104 30 minutes Drhays 2, 3, & £ 4 hours

Cycle 4 Day 1: + 4 hours

Cyele 8 Day 1: £ 30 minutes

Example 7: STM 434 Stability,

1663358]  The stability of formulated 5TM 434 stability was determined using various
methods at various time points under various conditions. STM 434 was formulated as shown
above (STM 434 Injection was formulated as 70 mg/mlb. STM 434, 10 mM potassium

phosphate, 8.8% {(w/v} sucrose, 0.006% (w/v) polysorbate 20, pH 6.7).
Methods

883361  The analytic methods used for assessing stability were as follows:

[88337] Concentration by Uliravislet (U'V) Abserbance

[38338]  The concentration of STM 434 in the drug product was measured by using a UV
spectrophotometer. The absorbance of 280 nim light (A280) and the extinction coefficient at
280nm (6280) of 1.7 mgmL em™ were used to determine the concentration based on Beer’s
taw.

[B8338] A protemn at a given time point and temperanire is considered to have cquivalent
stability to the protein at time zero (T0) or an identical protein, under otherwise identical
conditions, at -70°C when the concentration is 70.0 £ 7.0 mg/mL. The percent stability of &
given protein at a given time point can also be calculated relative 1o this number.

[80348] Visupal Appearance

[80341] This method provides for the visual assessment of STM 434 Injection. A vial was
observed under ambient light, and the general appearance reported with respect {o visible
particles, degrec of coloration, and clarity.

{68342} A protein at a given time point and temperature is considerced to have equivalent

stability to the protein at time zero {TO} or an identical protein, under otherwise identical
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conditions, at -70°C when the appearance is clear, colorless to slightly veliow liquid, and
cssentially free of particles.

863437 Osmolality

166344}  The osmolality of STM 434 Injection was measured using a freczing-point
depression osmometer, which was calibrated against an osmolality standard of 290 mOsm/kg.
[68345] A protein at a given time point and temperature is considered to have cquivalent
stability to the protein at time zevo (T0) or an identical protein, under otherwise identical
conditions, at -70°C when the osmolality is 330.0 = 50.0 mOsmvkg. The percentage stability
of a given protein at a given {ime point can also be calculated relative to this number.

[66346] pH

883477  The pH of STM 434 Injection was measured using a pH meter calibrated with
National Institute of Science and Technology (NIST)-traceable standards.

[38348] A protemn at a given time point and temperatire is considered to have cquivalent
stability to the protein at time zevo (T0) or an identical protein, under otherwise identical
conditions, at -70°C when the pH is 6.7 + 0.3 at 25°C. The percent stability of a given protein
at a given time point can also be calcolated relative to this mumber.

(883497 Volume in Container

[803586]  The volume of STM 434 Injection solution in vials was measured.

[B8353] A protein at a given time point and temperature is considered to have cquivalent
stability to the protein at time zero {70} or an dentical protein, under otherwise identical
conditions, at -70°C when the volume in the container is not less than 1.0 ml. The percent
stability of a given protein at a given time point can also be calculated relative 1o this number,
[80352] Size Exciusion High Performance Ligunid Chromatography (SE-HPLC)
{68353} SE-HPLC is 3 method of separating proteins by their hydrodynamic size, which is
approximately corrglated with molecular weight (MW), SE-HPLC allows for analysis of the
molecular size distribution of STM 434 in the drog product, especially with respeet to
aggregation, fragmentation, and other iropuritics. Resolution of monomeric STM 434 from
other species by SE-HPLC was porformed on 3 TSKgel G3000SWxl HPLC column, using an
isocratic mobile phase of 100 mM sodium phosphate, 250 mM sodium chloride, pH 6.8, at a
flow rate of 0.5 mL/min. Protein species were detected by A280 nm over a 35-minute assay
run time. The elution time of proteins was inversely proportional to the log of their MW,
Results from the assay are reported as percent AZ80 peak area relative to the total AZ80 peak

ared.,
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[668384] A protein at a given time point and temperatare is considered to have equivalent
stability to the protein at time zero (T0) or an identical protein, onder otherwise identical
conditions, at -70°C when the SE-HPLC yain peak is > 95.0%. The percent stability of a
given profein at a given time point can also be calculated relative to this number,

180358]  imaged Capillary Isoeleciric Focusing (iclE¥F)

{68356} clEF is a high-resolution protein separation technique based on differcnces in
isoclectric point (pl) among proteins, The Protein Simple (formerly Convergent Bioscience)
1CE280 1EF analyzer system uses a whole capillary zone imaging detector that enables
analysis without the mobilization step required for conventional clEF instruments. With
respect (o STM 434 Injection, iclEF was used as a purity test.

1#0357]  In this iclEF method, STM 434 samples were treated with sialidase to reduce the
substantial complexity imparted by the varying levels of sialic acid in the prodact. After
desialylation, samples were mixed with carrier ampholytes to generate a pH gradient, methyl
cellulose to reduee electroosmotic flow, and markers of known pl which absorb 280 nm hght.
The mixture was introduced mto an internally coated fused silica capillary with a UV-
transparent segment between inlet and outlet reservoirs assembled in a8 cartridge. When
voltage was applied to the capillary segment, the solation forms a pH gradient, in which the
ampholytes, pl markers, and protein species in the sample were focused at their respective pl
A whole capillary absorption image was taken with a charge-coupled device camera,
allowing for monitoring of the focused zones in the capillary at 280 wm, corresponding to the
varions protein species and the pl markers. Inclusion of the pl markers allows for calibration
of the pi gradient in the capillary, providing for reproducible determination of pl values of
the various specics in a sample. Comparable to HPLC, the icIEF results are provided as A280
peaks as a function of migration distance in the capillary. Results from the assay are reported
as percent A280 peak arca relative to the total A280 peak area for the protein species.
[BO8358] A protemn at a given time point and temperanire is considered to have cquivalent
stability to the protein at time zevo (70} or an identical protein, under otherwise identical
conditions, at -70°C when the icIEF main peak is 65.0 + 10.0%. The percent stability ofa
given protein at a given time point can also be caleulated relative 1o this number.

[B0359]  Sedivm Dodecyl Suifate Capillary Electrophoresis (CE-SDS), Mon~-reduced
{(nrCE-SDY)

[60360]  CE-SDS, nou-reduced was used as a purity test for STM 434 Injection. The

methodology tnvolves heat denaturation of proteins in the presence of the detergent SDS,
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which binds to polypeptides at a relatively constant ratio of SDS:polypeptide. The negatively
charged SDS bound to proteins causes them to migrate in an clectric field according to MW,
186361]  In this method, STM 434 samples were incubated at 70°C for 10 mimstes with
SIS, a free sulthydryl blocking agent, and an internal MW standard under non-reducing
conditions. After incubation, treated samples were loaded into an autosampler, which also
carries solutions of rinses and a specialized SDS gel. The CF system was programmed for
sequential rinses, gel loading, and electrokinetic sample injections tnto a bare fused silica
capiliary. For cach sample, the injected proteins were subjected to an electric field for MW-
hased separation, including mobilization through a detector window, where the capillary
coating had been removed and light passed through the capillary to & photodiode array
detector, which in this method was set to collect 220 nm absorbance (A220). Resulis from the
assay are reported as percent A220 peak area relative to the total A280 peak area for the
protein specics.

168362} A protein at a given time point and temperature is considered to have cquivalent
stability to the protein at time zevo (T0) or an identical protein, under otherwise identical
conditions, at -70°C when the nrCE-SDS main peak is > 88.0%. The percent stability of a
given profein at a given time point can also be calculated relative to this number,

166363] CE-SDS, Reduced (rCE-SDS})

[88364] CE-SDS, reduced was used as a purity test for STM 434 Injection. The
methodology involves heat denaturation of a specified concentration of protein in the
presence of the detergent SDS, and a reducing agent which cleaves disulfide bonds into free
sulthydryls, which in the case of STM 434 causes the separation of the two polypeptide
chains of the homodimer. The negatively charged 5DS, which binds to polypeptide chains at
a relatively constant ratio of SDS:polypeptide, causes the polypeptides to migrate in an
electric field according to MW.

[80365]  In this method, STM 434 samples were incubated at 70°C for 10 minutes with
SDS, the reducing agent, beta-mercaptocthanol, and an internal MW standard under non-
reducing conditions. After incubation, treated samples were loaded into an autosampler,
which also carried solutions of rinses and a specialized 5DS gel. The CE system was
programmed for sequential rinses, gel loading, and electrokinetic sample injections into a
bare fused silica capillary. For each sample, the injected proteins were subjected to an electric
ficld for MW-based separation, including mobilization through a detector window, where the

capiliary coating had been removed and light passed through the capillary to a photodiode
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array detector, which in this method was set to collect 220 nm absorbance (A220). Results
from the assay are reported as percent A220 peak area relative 1o the total A280 peak arca for
the protein species.

[68366] A protein at a giveo tiree point and temperature is considered to have cquivalent
stability to the protein at time zere (10} or an identical protein, under otherwise identical
conditions, at -70°C when the rCE-SDS nain peak is >90.0%. The percent stability of a
given profein at a given time point can also be calculated relative to this number,

1803671 Product-specific ELISA

[68368] The methodology uiilized in the STM 434 Injection identity test was a solid-phasc
sandwich ELISA. Microtiter strips were coated with an anti-STM 217 monoclonal antibody,
which has bigh affinity for STM 434 as these proteins differ by a single amino acid {serine-
2010 STM 217, threonine-20 in STM 434). In scquence, samplcs or controls were added to
the wells, followed by a biotinylated monoclonal antibody generated against human ActRZE,
followed by Neutravidin-horseradish peroxidase (HRP) conjugate. STM 434 present in
sampies binds to the immobilized capture antibody and the biotinylated sccondary antibady,
and Neutravidin-HRP binds this complex through the high affinity of avidin for bictin. The
HRP maoiety of the complex catalyzes the conversion of the chromogenic substrate
tetramethyl benzidine (TMB) to a product which absorbs 4350 ni light. ideuntity was
confirmed in samples whose signal-to-noise ratio, equal to the sample’s background-
corrected A450 divided by the background-corrected A450 of blank wells, was no less than
10.0.

[#036%] A protein at a given time point and temperature is considered to have equivalent
stability to the protein at time zevo (T0) or an identical protein, under otherwise identical
conditions, at -70"C when the ELISA confirms the identity of the protein, e.g., relative to a
positive control. The percent stability of a given protein at a given time point can also be
calculated relative to the 450 nm mumber determined by ELISA.

[80376] Cell-Based Bioassay (Bioassay)

[80371]  The potency of STM 434 Injection was measured in a reporter gene expression
assay using the C2C12 pMARE clone #44 skeletal muscle cell ine. Murine C2C12 eclls were
stably transfected with a human myostatin/activin-responsive luciferase construct. When the
engineered cell ine was incubated with the hgand myostatin, signal transduction oceured
following myostatin binding to the activin receptors. This resubted in the activation of the

tuciferase reporter gene and the resulting production of huciferase. The reaction of luciferase

118



WO 2015/192127 PCT/US2015/035818

with laciferin resulted in luminescence that was measured in a fuminometer. STM 434
inhibits this signaling in a dose-dependent manner. The data was analyzed using a 4-
parameter curve fit model, Once parallclism/similarity to the reference curve was established,
biological concentrations were interpolated from the curve and a relative potency of the
sample agamst the reference standard was calculated.

16372 A protein at a giveo tiree point and temperature is considered to have cquivalend
stability or activity to the protein at time zero (T0) or an identical protein, under otherwise
identical conditions, at -70°C when the bioassay shows a relative potency of 60 1o 140%.

The percent stability ot activity of a given protein at a given time point can also be calculated
relative to this number.

1663731  Endotoxin

168374} The method for quantifying bacterial endotoxin in STM 434 Injection utilized a
kinetic chromogenic endotoxin detection system. Dilution seriecs of endotoxin standard, STM
434 sampics, and STM 434 samples spiked with endotoxin standard for sysiem suitability
were prepared, and loaded into a 96-wel plate, along with water as a blank for system
suitability. After incubating the plate at 37°C for 10 minuies, Limuolus amcbocyte lysate
(LAL) reagent containing a peptide labeled with p-nitroaniline (pNA) was added to the wells.
Endotoxin present in the samples and standards converted a procuzyme in LAL to an active
enzyme which cleaved pNA from the colorless peptide to generate a signal at 405 am
absorbance (A4035). The A405 from the endotoxin standards were plotied to generate a
standard curve, and the endotoxin content of STM 434 sampics was determined from their
A4035 readings against the standard corve. The results are reported in terms of endotoxin units
per milligram (EU/mg) after determining the EU/mL of cach sample and dividing by the
sampic’s protein concentration in mg/mi.

[#0375] A protein at a given time point and temperature is considered to have equivalent
stability to the protein at time zere (T0) or an identical protein, under otherwise identical
conditions, at -70°C when the endotoxin level is < (.5 endotoxin units (EUYmg. The percent
stability of a given protein at a given time point can also be caleulated relative to this number.
[38376] Sterility

883771 The method for determining the sterility of 8TM 434 Injection utilized a
membrane filiration technique to retain any microorganisms m the test articles.

[B8378] A protein at a given time point and temperature is considered to have cquivalent

stability to the protein at time zero {70} or an dentical protein, under otherwise identical
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conditions, at -70°C when the sterility of the product meets the requirements of the United
States Pharmacopeia. The percent stability of a given protein at a given time point can also
be calculated relative 1o the numbers provided by the United States Pharmacopeia.
1663791 Subvisible Particles
166380  The amount of subvisible particles present in STM 434 Injection was determined
using hight obscuration. The results are reported as the number of particles with diameters 10
pm or larger, and with diameters 25 pm or larger.
{68381} A protein at a given time point and temperatire is considered to have cquivalent
stability to the protein at time zevo (T0) or an identical protein, under otherwise identical
conditions, at -70°C when there are not more than 6,000 >10um particles per container and
there are not more than 600 >25um particles per container. The percent stability of a given
proicin at 3 given time point can also be calculated relative to these numbers.
{30382 Polysorbate 28 Concentration
883831  The concentration of polysorbate 20 (PS20) in 8TM 434 Injection was determined
by a method that atilizes a mixed-mode HPLC cohumm ron in reversed phase mode to
separate PS20 from protein, with quantitative detection by charged aerosol detection (CAD).
An injection sequence of PS20 standards provides a calibration corve based on the baseline-
corrected CAD responses as a function of PS20 concentration, which fits a second-order
polynomial. The reported PS20 concentration of an STM 434 sample was determined by
entering its baseline-corrected CAD vesponses into the polynomial equation and solving for
PS20 concentration.
[B8384] A protemn at a given time point and temperatire is considered to have cquivalent
stability to the protein at time zevo (70} or an identical protein, under otherwise identical
conditions, at -70°C when the polysorbate 20 concentration is 0.006 + 0.003% (w/v). The
percend stability of a given protein at a given time point can aiso be calculated relative to this
oumber.

Results
[80385] The tables below (Tables 18-39) show formulated STM 434 stability-related data
generated using the above methods, at least in part, at the indicated time points and indicated
conditions.
(663867 Table IR shows that the tested characteristics of formulated 434 kept at 5°C for up

to 54 months are similar 1o formulated 434 kept at -70°C for up to 54 months, Table 22
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shows that the tested characteristics of formulated 434 kept at 5°C for up to 6 months are
similar to those of formulated 434 kept at 5°C at 0 months. Tables 25 and 30 show that the
tested characteristics of formulated 434 kept at 2-8°C for up to 12 months are similar to those
of formulated 434 kept at 2-8°C at O months. Table 36 shows that the tested characteristics of
formulated 434 kept in an upright position at 2-8"C for up to 6 months are similar to those of
formulated 434 kept in an upright position at 2-8"C at 0 months. Table 37 shows that the
tested characteristics of formulated 434 kept in an inverted position at 2-8°C for up t0 6
months are similar 1o those of fornutdated 434 kept in an inverted position at 2-8°C at §
months.

166387} This data demonstrates that formulated STM 434 is highly stable for up 10 54
months at refrigerated temperatures {e.g., 2-8°C (2, 3, 4, 5,6, 7, 8°C); 5°C) and even at high
concentrations such as 70mg/ml.. This level of stability 1s much greater than the stability
expected of proteins kept at 4°C, which is typically in the range of 1 month. See Pierce
Technical Resource TRO043.1, Protein Stability and Siorage, at Table 1

(http://sites.bio.indiana.edu/~chenlab/protocol files/protein_storage.pdf); and Webster ot al,
FPredicting Long-Term Storage Stahilitv of Therapeutic Proteins, Pharmaceutical
Techuology, Volume 37, Issuc 11 (Nov. 2, 2013). Thus forowlated STM 434 is a highly
stable composition that can be stored at refrigerated temperatures {¢.g., 2-8"C) for an
extended period of time greater than 1 month, e.g., up to 3, 6, 12, 18, 24, 36, 48, or 54 months

O7 More.
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Table 18:

PCT/US2015/035818

434 DP/DS Stability Sample Testing Resulls

Semple | pp 5% DR, -20°C |DP,-70°C  |DS, 5°C  |DS, -70°C
Lot # (301003896 | 001003696 | 001003696 00100351 | 001003510
5 5 5 06 6
Method ;-;Tn? 54 months | 54 months | 534 months {54 months | 54 months
‘ Colorless, | Colorless, | Colorless, Colortess, | Colorlass,
Visual Clear, Clear, Clear, Clear, Clear,
Appearance No visible | No visible | No visible No visible | No visible
particies particles particies particles | particles
pH 8.7 8.7 6.7 6.8 8.7
Frotsin Cone. 716 71.3 74 8 ma/mL 76.0 71.5
{AZ80} mg/ml. mg/ml < m mg/ml mg/iml
98.2% . _|982% .
Main Pk 98.8% 98.8% Main | Main Pk 98.8%
SE-HPLC 1 59 Main Pk Pk 1.5% Main Pk
’ H‘M;\;\J 1.4% HMW | 1.2% HMW | HMW 1.2% HMW
0.0% LMW | 0.0% LMW 10.3% 0.0% LMW
{1.3% LMW
LAWY
60.8% £69.9% 65 6% 65.8%
Main Pk Main Pk 72.4% Main M&;in;k Main Pk
CIEE 22.9% 14.8% P 54 7Y, 20.8%
APG APG 15.5% APG APG APG
16.4% 15.3% 12.2% BPG 9 8% BPG 13.7%
BPG BPG o BPG
94.1% 94.2% 94.7% Main | 94.5% 94.4%
Main Pk Main Pk Pk Main Pk Main Pk
WOE-SDS % Pre- |5.8% Fre- |5.3% Pre- | 5.5% Pre- | 5.6% Pre-
peak paak peak peak peak
98.0% 98.0% 97.8% Main | 37.7% 97.8%
rCE-SUS Main Pk dMain Pk Pk Main Pk dMain Pk
Celi Based 87% ga% 111% 101% 99%
Riogssa Relative Ralative Relative Relative Rslative
¥ Polency Potency Potency Potency Potency

DP is drug product; DS is drug substance
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Tabie 19: STM 434 Injection Lot 00610836965 Stability Data Summary: —76°C

Cenditien: —70°C, Upright Months
Start date: 9 Sep 2009
Method Parameler é 12 24
Appearance Color CL CLto 8Y CLte SY
Particles Noue None None
pH o .72 6.70 6.7
CE-SDS, Reduced % roaru peak 98.972 98,905 98.404
% LMW 1.028 1.095 1.096
% HMW (3.0 0.0 {1498
SE-HPLC Y5 main peak 98.795 95.843 98.2815
% HMW 1.205 1156 1.184
G LMW 0.0 0.0 0.0
cIEF %% main peak 08.445 72.046 70,181
Y% acidic 16.282 15191 16.026
%o basic 15.273 12,762 13.791
Bioassay % relative potenecy 100 100 100
Subvisible Particulates | = 10 pum per container <10 <10 <10
=258 um per container < 1¢ <14 <16

CL = colorless; 8Y = slightly vellow; HMW =

high molecular weight; LMW =

fi—
[y
Cod

iow molecular weight
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Table 26: §TM 434 Injection Lot 8810836965 Stability Data Summary: -28°C

PCT/US2015/035818

Cendition: -20°C, Upright Meonths
Start date: 9 Sep 2609
Method Paramete | § 1 3 6 & 12 i8 24 3%
r
Appearance Color CL CLto CLto CLto CLto CLto CLto CLto CLto
SY SY sY SY 5Y sY SY 5Y
Particles | Noue | None None None Noue None None Noune None
pH pH 6.72 6.69 6.70 6.67 6.64 8.73 672 6.70 8,68
CE-SDS, Reduced % main {9897 98761 | 98889 | 9R964 | 90094 | 98919 | 9B.96E | 90002 | 98.903
peak 2
Y% LMW | 1028 1.239 111t 1.636 $.900 1.081 1.051 $.997 1.006
%HMW | 00 ¢.0 8.0 0.0 ¢.0 8.0 0.0 8.0 8.0
SE-HPLC Yemain | 9879 98777 | 98787 | 98770 | 98744 | 98775 | 98.734 | 98742 | 98.607
peak 5
Y% HMW | 1.205] 1.223 1.213 1.230 1.255 1.224 1.263 1.254 1.392
%IMW | 00 8.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0
cIEF % main {6844 68390 | 68516 | 67.255 | 71.142 | 69844 | 68774 | 70.214 | 69.094
peak 5
Yoacidic {16281 17454 | 16285 | 17509 | 16,522 | 14354 | 17.089 | 15963 | 16242
’_'z
Yo basic [ 1527 14156 | 15199 | 15,346 | 12337 | 15800 | 14,135 | 13822 | 14.663
3
Ricassay % relative | 100 100 1602 93 103 102 102 99 102
potency
Subvisible >0 pm | <10 ] <10 < i <10 <1} <16 < 10 <14 <16
Particulaics per
container
>25um | <10 | <10 <10 <10 <10 <10 <10 <10 <10
per
contamer
Stertlity Sterility | Pass | N.S. NS NS N.S. Pass NS, Pass N.S.

CL = colorless; 8Y = slightly vellow; HMW =

high molecular weight; LMW =

124

low molecular weight; N.S. = not scheduled
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Tabie 21: STM 434 Injection Lot $810836965 Stability Data Sommary: 5% Freeze/Thaw

Coundition: Sx ¥/Y
Start date: 9 Sep 2049 Condition
Metbed Parameter T=¢ 5% F/T
Appeara Color CL CLto SY
nee Particles None None
pH pH 6.72 6.68
CE- % main peak 98.972 98.544
;\Z;;\m % LMW 1.028 1.435
% HMW 0.0 0.0
SE- % main peak 98.795 98.787
HPLC % HMW 1.205 1213
% LMW 0.0 6.0
clbF % main peak 68.445 66255
Yo acidic 16.282 18.293
% basic 15273 13.452
Bicassay Y% relative potency 100 100
Subvisib{ > 10 gru per container < 16 < 10
i’eaﬁicula > 25 pni per container < 10 < 1¢
tes

CL = colorless; SY = slightly yellow; HMW = high molecular weight; LMW = low molecular weight
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Tabie 22: STM 434 Injection Lot 6810836968 Stability Data Summary: 5°C

,
B

Cenditien: 3°C, Upright Months
Start date: 9 Sep 2009
Method Parameter 8 8.5 1 3 &
Appearance Color CL CLtoSY | CLtoR8Y | CLto8Y | CLioSY
Particles Nene None None None None
pH pH 672 6.70 669 6.71 6.67
CE-SDS, Reduced %% taln peak 98.972 98 .856 98,313 98,945 99.048
Yo LMW 1.028 1.144 1.687 1.055 0.952
%% HMW 0.0 0.0 0.0 .0 4.0
SE-HPLC %6 main peak G8.795 98.831 G8.793 98.824 98792
Y HMW 1.205 1.169 1.207 1.176 1.208
Yo LMW 0.0 0.0 0.0 0.0 0.0
cIEF % main peak 68 .445 67.763 67.012 67.239 69.441
% acidic 16282 16.196 18.094 17.907 15.290
% basic 15273 16.101 14.894 14.8553 15.269
Bioassay % relative potency 10O a5 ey 104 94
Subvisibie =10 pm per contatuer <10 i1 <10 <10 <10
Particulaics =25 pm per contatuer <10 <16 <18 <16 <10

CL = colorless; SY = slightly yellow; HMW = high molecular wearght; LMW = low molecuiar werght; N.S. = not scheduled

126



WO 2015/192127

PCT/US2015/035818

Tabie 23: STM 434 Injection Lot 0610836965 Stability Data Summary: 25°C

Condition: 25°C, Upright Months
Start date: ¥ Sep 2089
Method Parameter B 8.25
Appearance Color CL CLte SY
Particies None Noug
pH pH 672 671
CE-SDS, Reduced %% watn peak 98.972 98.851
%% LMW 1.028 1.150
%% HMW 0.0 4.0
SE-HPLC % main peak G8.795 98.901
Y HMW 1.205 1.009
Y6 LMW 0.0 0.0
cIEF % main peak 68.445 68.002
% acidic 6.282 16.670
%% basic 5273 15328
Bioassay % relative potency ey a7
Subvisible Particulates > 10 p per contaner <10 < 16
> 25 pm per contaer < 1f} < 16

CL = colorless; SY = slightly yellow; HMW = high molecular weight; LMW = low molecular werght; N.S. = not scheduled

—
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Tabie 24: STM 434 Injection Lot EG-13-8150 Stability Data Summary: —20°C (SPN-

6433

Ceondition: —24°C, Upright
Start date: 17 Dec 2813

Months

Method Parameter Acceptance 8 1 3 6 b i2
Criteria
Appeatance Clarity CIRL CLRLICLR LJCLR LICER LICER LICLR L
Celor CLic LY LY CL CL L CL CL
Particles EFOP EFQOP{ NVP | NVP | NVP | NVP | NVP
pH pH 6.4-7.0 67 6.7 6.6 6.7 6.6 6.6
Concentration by UV me/ml 63-77 718 1 6RO | 896 | 695 | 689 | 692
{E-SDS, Reduced Y% main peak > 90.0% 987 1 9R8 | 992 | 994 | 991 | 992
99.3
99.2%
CE-SDS, NMon-Reduced % wain peak > 88.0% 938 1 837 1 927 | 940 938 | 9490
% pre-peak - 6.2 6.3 6.7 6.0 6.2 6.3
%% other - ND. iND | 06 | ND | ND | 00
SE-HPLC %6 main peak >95.0% 98.7 1 9B7 | 987 | 987 { 986 | 98.6
% HMW - 1.3 1.3 1.3 1.3 14 1.4
%6 LMW - <05 <85 <85 | <8505 0O
icIEF % main peak 65.0=10.0 64.8 | 67. 61.6 | 651 1 64.7 | 668
% APG - 2151200 | B 216 190 1 170
% BPG 1391 109 | 9 933 163 | 154
Bioassay 7o relative 60-140 99 | 932 | 944 | 110 | 993 {1050
potency
Subvisible Particulates Z 10 pm <6000 per countainer{ 2 NS | NS | NS | NS 10
=25 pm < 600 per container 0 NS | NS | NS | NS 0
Container Closure Dye ingress | o deiectadledye g o b o b s | ws. | s, [ NpD

Tategrity

ingress

CLR L = clear liqmd; CL = coloriess; LY = light vellow; EFOP = essentially free of particles; NVE = no visible particles;

HMW = high molecular weight;
LMW = low molecular weig

scheduled; NDI = no detectable dye ingress

*Three reported values due to deviation (analyst executed three imjections; method calis for one)

128

APG = acidic paak group; BPG = basic peak group; N.D. = not detected; N.S. = not
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Tabie 25: STM 434 Injection Lot EG-13-0150 Stability Data Summary: 2-8°C (SPN-

644}

Cendition: 2-8°C, Upright

Start date: 17 Dec 2013

Months

Tategrity

ingress

N.S.

Method Parameter Acceptance 8 1 3 6 b i2
Criteria
Appeatance Clarity CIRL CLRLICLR LJCLR LICER LICER LICLR L
Celor CLic LY LY CL CL L CL CL
Particles EFOP EFQOP{ NVP | NVP | NVP | NVP | NVP
pH pH 6.4-7.0 6.7 6.7 6.6 6.7 6.6 6.6
Concentration by UV me/ml 63-77 TI8 L 680 | 687 | 693 | 085 | 699
{E-SDS, Reduced Y% main peak > 90.0% 987 1 98 | 991 | 991 | 99.0 | 941
99.1
98.9*
CE-SDS, NMon-Reduced % wain peak > 88.0% 938 1 837 1 930 | 940§ 943 { 936
% pre-peak - 6.2 6.3 6.8 6.0 5.7 6.4
¢4 other -- NDB. { ND 0.2 | ND. | ND 0.0
SE-HPLC %6 main peak >95.0% 98.7 1 9B7 | G877 | 986 | 985 | 985
% HMW - 1.3 13 1.3 i.4 1.4 1.4
%6 LMW - <05 <85 <85 <88 <05 01
icIEF % main peak 65.0=10.0 64.8 | 67 877 ] 644 | 652 { 669
% APG - sy 1220 185 | 230 1 196 | 193
% BPFG - 139 11091238 | 127 { 152 | 139
Bicassay % relaitve 60-1480 09 G321 697 | 114 10261065
potency
Subvisible Particulates Z 10 pm <6000 per countainer{ 2 NS | NS | NS | NS | 23
> 25 pm < 600 per container ¢ NSNS | NS | NS, 3
Container Closure Dyeingress | No detectable dye NS NS | NS | NS [NDDI

CLR L = clear liqmd; CL = coloriess; LY = light vellow; EFOP = essentially free of particles; NVP = no visible particles;

HMW = high molecular weight;
LMW = low molecular weig

scheduled; NDI = no detectable dye ingress

*Three reported values due to deviation (analyst executed three imjections; method calis for one)

124

APG = acidic paak group; BPG = basic peak group; N.D. = not detected; N.S. = not
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Tabie 26: STM 434 Injection Lot EG-13-0156 Stability Data Sumunary: 25°C

Cenditien: 25°C, Upright
Mo aths
Start date: 17 ec 2013
Method Parameter Acceptance Criteria é 1
Appearance {larity CLR L CLR L CLR L
Color CLio LY LY CL
Particles EFOP EFOP NVP
pH pH 6.4.7.0 6.7 6.6
Coucentration by UV mg/ml 63-77 71.8 9.4
CE-SDS, Reduced % main peak > 00 (%% 987 987
CE-SDS, Non-Rednced % main peak > 88.0% G3.8 940
%% pre-peak -~ 6.2 6.0
SE-HPLC % main peak 2495.0% GR.7 G8.5
% HMW -~ 13 13
% LMW -~ <83 <03
icIEF % main peak 65.0=10.0 64.8 66.7
% APG 215 223
% BPG 3.9 f1.1
Bioassay Y% relative potency 60-140 99 86.9

CLR L =clear hqui
HMW = high mol

136

CL = colorless; LY = light vellow; EFOP = essentially free of particles; NVP = no visible particies;
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Tabie 27: STM 434 Injection Lot EG-13-8156 Stability Data Sumunary

PCT/US2015/035818

: 5% Freeze/Thaw

Cendition: 3% Freeze/Thaw
Start date: 13 Feb 2014
Method Parameter Acceptance Criteria =8 54 FT
Appearance {larity CLR L CLR L CLR L
Color CLio LY LY CL
Particles EFOP EFOP NVP
Pl pH 6.4.7.0 6.7 6.7
Coucentration by UV mg/ml 63-77 71.8 76.5
CE-SDS, Reduced % main peak > 00 (%% 987 8.9
CE-SDS, Non-Reduced % main peak > 88.0% G3.8 G4 4
Y% pre-peak -~ 6.2 5.6
SE-HPLC % main peak 2495.0% GR.7 G8.8
% HMW -~ 13 12
% LMW -~ <83 <§.3
icIEF % main peak 65.0=10.0 64.8 694
% APG 215 17.0
% BPG 3.9 £3.7
Bioassay Y% relative potency 60-140 99 96

CLR L =clear hqui
HMW = high mol

CL = colortess; LY = light vellow; EFOP = essentially free of particles; NVP = no visible particles;
; zat y ; s
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Tabie 28: STM 434 Injection Lot ¥G-13-0230 Stability Data Swmmary: —76°C (SPN-

657)

Condition: —78°C, Upright Months
Start date: 31 Jan 2014
Method Paramete Agceptance ¢ 1 3
r Criteria
Appearatce Clarity CLRL CLRLICLR LICIR L
Color CLwo LY LY CL L
Particles EFQOP EFOP | NVP | NVP
pH pH 6.4-7.0 6.7 6.3 6.3
Concentration by UV mg/mL 63-77 677 1 675 | 684
CE-SDS, Reduced % main > 90.0% 987 | 99.0 | 98.9
peak
CE-SDS, Non-Reduced %% main > 88.0% 944 1 946 | 944
peak
Y% pre- - 5.6 54 5.6
peak
SE-HPLC %% roait > 95.0% 98.9 { 98.9 | 988
peak
% HMW t1 1] 1.2
Yo LMW - ND {28505
icIEF Yo main 65.0+£10.0 687 1 704 | 713
peak
Y% APG -~ 17.5 7R 4178
% BPG -~ 139 1.9 1 1.6
Ricassay % refative 60-140 99 115} 147
potency
Subvisible Particulates 2 10 um <6000 per container| 2 W8 NS
225 um | £ 600 per container | O MS. | NS
Container Closure ive WNo detectable dye | NS, | NS, | NS,
Tntegrity ngress 1BRress

CLR L = clear hquid; CL = coloriess; LY = light yellow; EFOP = essentially free of particles; NVP = no visible particles;
HMW = high molecular weight;
LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.ID. = not detected; N.&. = not

scheduled
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Tabie 29: STM 434 Injection Lot ¥G-13-0230 Stability Data Swnmary: —26°C (SPN-
648}

Condition: —28°C, Upright Momnths
Start date: 3% Jan 2814

Method Paramete Acceptance 6 i 3 & g 12
x Criteris

Appearance Clarity CLRL CER LICLR LICER LICLR LICIR L) CLR L

Color CLic LY LY CL CL CL CL CL

Particles EFOP EFOP | NVP | NVP | NVP | NVP | NVP

N
B

pH pH 6470 67 1 65 | 65 1 65 | 65

Concentration by UV mg/mL 63-77 677 1 668 | 684 1 675 | 692 70.9

CE-SDS, Reduced Y% niain > 90.0% 987 1991 | 991 { 992 | 992 99.5
peak

CE-SDS, Non-Reduced % main > 88.0% 944 1 9391940 { 932 | 938 94.1
peak

Y% pre- -~ 56 § ol 60 | 68 6.2 59
peak

SE-HPLC %o main > 95.0% 949 { 980 | 988 { 986 | 988 98.48
peak
Yo HMW 1. 1.1 1.2 1.2 1.2 1.2

Y% LMW -~ ND (€05 285 <0505 8.9

iclEF % raain 65 0+10.0 687 | 67.7 | 696 | 66.0 | 647 70.2
peak

Yo APG -- 175 1 19.0 | 192 | 193 | 186 177

% BPG -- 391134} 113 | 148 | 188 121

Bioassay Y relative 60-140 99 00 | 115 96 94 106

potency

Z
2

Subvisible Particulates > 10 pm | < 6000 per container| 2 NS | NS | NS NS,

w2

> 25 um | <600 per contatner ¢ NS | NS | NS NS,

Contauer Closure Dye Nodetectable dye | NS, I NS | NS, | NS | NS NS,
Integrity HEress mgress

CLR L = clear hquid; CL = coloriess; LY = light yellow; EFOP = essentially free of particles; NVP = no visible particles;
HMW = high molecular weight;

LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.D. = not detected; N8, = not
scheduled
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Tabie 38: STM 434 Injection Lot FG-13-0230 Stability Data Swwmary: 2-8°C (§PN-

649}

Cendition: 2-8°C, Upright Months
Staxt date: 31 Jan 2814
Method Parameter Acceptance 8 i 3 6 9 iz
Criteria
Ayppearance Clanity CIRL CLR LJCLR LICLR LCLR LICLR L) CLRL
Color CLiolY LY L CL CL CL CL
Farticles EFOP EFQP| NVP | KVP | NVP | NVP NVP
pH pH 6.4-7.0 6.7 6.5 8.5 6.5 6.4 8.5
Concentration by UV mg/mi 63-77 677 1 681 1 683 | 67.5 | 68.1 72.5
CE-SDS, Reduced %% main = 90.0% 987 1 991 1 991 | 992 | 992 99.5
peak
CE-SDS, Non-Reduced % main > 88.0% 944 1 944 | 943 | 938 | 951 8436
peak
Y% pre- - 5.6 5.0 5.7 6.2 49 6.4
peak
SE-HPLC % main 2 95.(% 989 | 989 | 988 | 988 | 988 98.8
peak
Y% HMW 1.1 11 1.1 2 1.2 2
% LMW - N S35 <851 <05 <05 8.8
iclEF %% waln 65.0=10.0 687 | 685 | 688 | 653 | 64.2 67.5
peak
% APG - TS89 {195 | 212 | 178 18.¢
% BPG - 3910 126 {117} 136 | 182 145
Bioassay Yo relative 60-140 99 116 | 108 93 116 121
potency
Subvisible Particulates > 10 um <6000 per container| 2 NS | NS | NS | NS, NS,
225 umt | <600 per coutainer | O NSNS | NS | NS NS,
Coutatuer Closure Dye No detectable dye | WS, | NS, {| NS, | NS | NS, NS.
fntegrity 1BRress IHEress

CLR L = clear hquid; CL = coloriess; LY = light yellow; EFOP = essentially free of particles; NVP = no visible particles;
HMW = high molecular weight;
LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.ID. = not detected; N.&. = not

scheduled
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Table 31: STM 434 Injection Lot FG-13-0236 Stability Data Swwmary: 28°C (SPN-658)

Cenditien: 25°C, Upright Months
Start date: 31 Jan 1814
Method Parameter Aceeptance Criteria ¢ 1
Appearance Clarity CLR L CLR L CLRL
Color ChiwolyY LY CL
Particles EFOP EFOP NVP
Pl pH 6.4-7.0 6.7 6.5
Coucentration by UV rog/ml 63-77 877 67.3
CE-SDS, Reduced % main peak > 90.0% 98.7 98.0
CE-SDS, Non-Reduced % main peak > 88.0% 94 4 94.4
Y% pre-peak -~ 5.6 36
SE-HPLC % main peak > 950% 98.9 98.9
% HMW - i1 i1
% LMW - N.D. <R3
icIEF % main peak 65.0+:10.0 68.7 68.6
% APG 17.5 19.8
% BPG 13.9 117
Bioassay Y% relative potency 6-140 99 116
Subvisible Particulates > 10 pm < 6000 per container 2 10
=25 pm < 600 per coutainer b 3
Container Closure Dye ingress No detectable dye NS No detectable dye
Tutegrity ngress ingress

CLR L = clear liquud; CL = coloriess; LY = light vellow; EFOP = essentially free of particles; NVP = no visible particies;

HMW = high molecular we

LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group; N.D. = not detected; N.S. = not

scheduied
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Tabie 32: STM 434 Injection Lot FG-14-0856 Stability Data Swmary: -28°C (SPN-
654}

Condition: 2-8°C, Upright Months
Start date: 28 Feb 2014
Method Paramete Acceptance L i
¥ Criteria
Appearance Clanity CLRL CILRLICLRL
Color CLic LY LY CL
Particles EFOP EFOP | NVP
pH pH 6.4-7.0 6.7 6.5
Concentration by UV mg/mb 63-77 7.7 | 68.2
CE-SDS, Reduced 0% main > 93.0% 987 | 98.9
peak
CE-SDS, Non-Redueed % main > 88.0% 944 | 938
peak
% pre- -~ 5.6 5.2
peak
SE-HPLC % main 2 950% BR.G | 987
peak
Y HMW i 1.3
%% LMW -~ NI | 265
iclEF %% roait 65 G100 687 | 709
peak
Y% APG - 1751176
% BPG -- 13.9 | 116
Bioassay Y% relative 60-140 99 117
POLSRCY
Subvisible Particulates > 10 um {6000 per container) 2 N.S.
225 um | <608 per coutatner § O N.S.
Contaner Closure Dye No detectable dye | NS, | NS,
Integrity RIS ngress

CLR L = clear hquid; CL = coloriess; LY = light yellow:; EFOP = essentially iree of particles; NVP = no visibie particles;
HMW = high molecular weight;

LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.ID. = not detected; N.&. = not
scheduled
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Tabie 33: STM 434 Injection Lot FG-14-0856 Stability Data Swwmary: 2-8°C (§PN-

655)

Condition: 2-8°C, Upright

Start date: 28 Feb 2814

Months

Method Paramete Acceptance L i
x Criteria
Appearance Clarity CLRL CILRUCLRL
Color CLio LY LY CL
Particles EFOP EFOP | NVP
pH pH 0.4-7.0 6.7 8.5
Concentration by UV mg/mL 63-77 077 | 684
CE-SDS, Reduced %% main > 90.0% 987 | 98.%
peak
CE-SDS, Non-Reduced % main > 88.0% 94.4 | 934
peak
% pre- -~ 5.6 6.5
peak
SE-HPLC % main > 95.0% BR.9 | 988
peak
% HMW 1.1 1.2
% LMW - ND. | <05
iclEF %% maim 650+10.0 687 | 67.6
peak
Y% APG - 17.5 { 19.2
% RPG - 13.9 § 133
Bioassay Y relative 60-140 a9 102
potency
Subvisible Particulates > 10 pm {< 6000 per container} 2 NS
225 pm | <600 per cowtaluer | O N.S.
Contaruer Closure Dye No detectable dye | NS, | NS,
Integrity HEress ngress

CLR L = clear hquid; CL = coloriess; LY = light yellow; EFOP = essentially free of particles; NVP = no visible particles;
HMW = high molecular weight;
LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.D. = not detected; N.& = not

scheduled

J—
(2
~
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Table 34: STM 434 Injection Lot FG-14-0856 Stability Data Swwmmary: 28°C (SPN-656)

Conditien: 25°C, Upright Months

Start date: 26 Feb 2814

Method Paramete Acceptance ¢ 1
r Criteria

Appearance Clarity CLR L CLRLICERL

Color CLio LY LY CL

Particles EFOP BFOP | NVP

pH pH 6.4-7.0 6.7 6.5

Soncetiration by UV mg/rak, 63-77 7.7 | 685

CE-SDS, Reduced %o thain > 93.0% 987 38.7
peak

CH-8DS, Mon-Reduced % raain > 88.0% 944 | 937
peak

% pre- 5.6 6.3

peak

SE-HPLC % main > 95.0% 98.9 | 985S
peak

W

% HMW - 1]t

(W8]

%% LMW -~ MN.D. 0.

iclEF %o main 65 0+£10.0 687 | 708
peak
Y% APG -- 17.5 17.1

% BPG -- 139 | 122

Bioassay % relative 60-140 49 122
potency

Subvisible Particulates =10 pum (<6000 per container| 2 N.S.

=25 um | <600 per container 8 N.S.

losure Dive Nodetectable dye | NS, | NS,

Integrity ingress in2YEsR

CLR U = clear liquid; CL = colorless; LY = light vellow; EFOP = essentially free of particles; NVP = no visible particies;
HMW = high molecular weight;
LMW = fow molecular weight; APG = acidic peak group; BPG = basic peak group; N.D. = not det

scheduled

ted; N.S. = not
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Tabie 35: STM 434 Injection Lot FG-14-0109 Stability Data Swmary: -26°C Upright
(SPN-676}

Condition: -28°C, Upright Months
Start date: 25 Jun 2814
Method Paramete Acceptance 6 3 6
v Criteria
Appearance Clarity CIRL CLRLICLR LICER L
Color CLio LY CL | CL CL
Particles EFOP FOP | NVP | NVP
pH pH 6.4-7.0 6.6 6.5 6.5
Concentration by UV meg/ml 63-77 678 {675 | 672
CE-SDS, Reduced % main > 90.0% 98.5 | 98.6 | 99.2
peak
CE-SDS, Non-Reduced %% nigin > 8R.0% 944 § 942 | 938
peak
Y% pre- -- 5.6 sS4 64
peak
SE-HPLC Y% 1iain > 95.0% 98.8 | 98.9 | 988
peak
% HMW 1.2 1.1 1.2
06 LMW - N <05 00
ictBF Yo main 65.0:10.0 654 1 657 | 691
peak
Y% APG 230 1 187 | 179
Y% BPG - 116 | 156 | 131
Bipassay Yo relative 6{1-140 9% 36 101
polency
Subvistble Pariiculates > 10 gre <6000 per container] 2 NE NS
> 25 wra | <600 per contaimer | O NSNS
Coutainer Closure e No detectable dye | NS, | NS, | N.S
fntegrity ngress HIZress

CLR L =clear hqui
HMW = high mol
LMW = low molecular
scheduled

& CL = coloriess; LY = {ight vellow; EFOP = essentially frec of particles; NVP = no visible particles;
ar weight;
ght; APG = acidic peak group; BPG = basic peak group: N.I. = not detected; N.&. = not
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Tabie 36: STM 434 Injection Lot ¥FG--14-8109 Stability Data Summary: 2-8°C Upright

(SPN-677)

Condition: 2-8°C, Upright Months
Start date: 25 Jua 20614
Method Paramete Acceptance L 3 6
¥ Criteria
Appearance Clarity CLRL CLR LICLR LICLR L
Color CLicLY L CL | CL
Particles EFQFP FOP | NVP | NVP
pH pH 0.4-7.0 6.6 0.5 6.5
Coucentration by UV mg/mL 63-77 678 | 673 | 67.5
CE-5DS, Reduced Y% main 2 90.0% 98.5 1 987 | 990
peak
CE-SDS, Non-Reduced % main > 88.0% 944 1 941 | 940
peak
% pre- - 56 5.9 6.0
peak
SE-HPLC % main >95.0% 988 | 980 | 988
peak
Yo HMW 1.2 1.1 2
%% LMW -~ ND {05 01
iclEF % roam 65.0+180.0 654 { 657 | 673
peak
Yo APG 230 1 189 | 192
% BPG -- 116§ 155} 138
Bioassay Y% relative 60-140 98 92 107
poency
Subvisible Particulates > 10 um < 6000 per container} 2 NS | NS
225 um | <600 per coutatner § O NS, | NS
Countaner Closure Dye No detectable dye | NS, | N.S. | NS,
Integrity HIZress ingress

CLR L =clear hguid; CL = coloriess; LY = light vellow; EFOP = essentially frec of particles; N

HMW = high molecular weight;

LMW = low molecular weight; ARG = acidic peak group; BPG = basic peak group: N.I. = not detected; N8 =

scheduled

146
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Tabie 37: STM 434 Injection Lot FG-~14-0109 Stability Data Summary: 2-8°C Inverted

(SPN-678)

Condition: 2-3°C, Inveried Months
Start date: 25 Jua 20614
Method Paramete Acceptance L 3 6
¥ Criteria
Appearance Clarity CLRL CLR LICLR LICLR L
Color CLicLY L CL | CL
Particles EFQFP FOP | NVP | NVP
pH pH 6.4-70 6.6 6.5 6.5
Coucentration by UV mg/mL 63-77 678 | 677 | 677
CE-5DS, Reduced Y% miain > 90.0% 98.5 | 98.8 | 99.1
peak
CE-SDS, Non-Reduced % main > 88.0% 944 | 943 | 940
peak
% pre- - 56 5.7 6.0
peak
SE-HPLC % main >95.0% 988 | 980 | 988
peak
Yo HMW 1.2 1.1 2
%% LMW -~ ND {05 01
iclEF % roam 65.0+180.0 654 { 655 | 685
peak
Yo APG 230 1 195} 189
% BPG -- 116§ 151} 128
Bioassay Y% relative 60-140 98 96 112
poency
Subvisible Particulates > 10 um < 6000 per container} 2 NS | NS
225 um | <600 per coutatner § O NS, | NS
Countaner Closure Dye No detectable dye | NS, | N.S. | NS,
Integrity HIZress ingress

CLR L =clear hguid; CL = coloriess; LY = light vellow; EFOP = essentially free of particles; NVP = no visible particles;
HMW = high molecular weight;
LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.ID. = not detected; N.&. = not

scheduled
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Tabie 38: STM 434 Injection Lot FG-14-0109 Stability Data Suwwmary: 25°C Upright

(SPN-679)

Tntegrity

ingress

"

1BRress

Condition: 25°C, Upright Months
Start date: 25 Jun 2014
Method Paramete Acceptance ¢ 3 &
r Criteria
Appearatce Clarity CLRL CLRLJCLRLICLR L
Color CLwo LY CL CL CL
Particles EFQOP FOP | NVP | NVP
pH pH 6.4-7.0 6.6 6.3 6.5
Concentration by UV mg/mL 63-77 678 1 683 | 677
CE-SDS, Reduced % main > 90.0% 98.5 | 987 | 988
peak
CE-SDS, Non-Reduced %% main > 88.0% 944 ¢ 9453 93.6
peak
Yo pre- - 56 5.7 5.4
peak
SE-HPLC %% roait > 95.0% 988 { 985 | 983
peak
% HMW t.2 1.2 1.4
Yo LMW - ND. | 2851 03
icIBF Yo main 65.0+£10.0 654 1 615 | 62.5
peak
% APG 2361 226 § 25
% BPG - 116 | 160 2.5
Ricassay % refative 60-140 98 91 105
potency
Subvisible Particulates =10 pm (<6000 per container] 2 NS, 36
225 um | £ 600 per container | O NS, 2
Container Closure Dve Wo detectable dye | NS, | NS, {NDIX

CLR L = clear hguid; CL = colordess; LY = light vellow; EFOP = essentially free of particles; NVP

HMW = high molecular weight;

= 1o visible particies;

LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.ID. = not detected; N.&. = not

scheduled; NDDI = no detectable dye ingress
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Tabie 39: STM 434 Injection Lot FG-14-0109 Stability Data Swmary: 25°C Inverted

{SPN-688)
Condition: 25°C, Inverted Months
Start date: 25 Jun 2014
Method Paramete Acceptance 6 3 6
¥ Criteria
Appearance Clarity CLR L CLRUCLREL] CLRL
Color CLtolyY CL CL CL
Particles EFQP FOP | NVP NVP
pH pH 6.4-7.0 6.6 6.5 6.5
Concentration by UV nig/mal 63-77 678 | 67.7 672
CE-SDS, Reduced % miain > GG (% 98.5 | 987 GR.6
peak
CE-SDS, MNon-Reduced %% main > 88.0% 944 1 942 93.9
peak
% pre- - 5.6 5.8 6.1
peak
SE-HPLC %% watu > 95.0% 988 | 983 98.3
peak
% HMW 1.2 t.2 1.4
% LMW - MND. <05 1.3
lEF % raain 65.0:10.0 654 | 62.3 615
peak
% APG 2304 225 26.8
% BPG -~ L6 | 154 11.8
Bioassay Y% relative 66-140 98 94 98
potency
Subvisible Particulates =10 pm < 6000 per contalner] 2 N.S. 7
=25 pm | < 600 per container 0 NS 2
Container Closure Dye WNo detectable dve | NS, | NS, NDIH
Integrity ngress ingress

CLR L =clear hguid; CL = coloriess; LY = light vellow; EFOP = essentially frec of particles; NVP = no visible particles;
HMW = high molecular weight;

LMW = low molecular weight; APG = acidic peak group; BPG = basic peak group: N.ID. = not detected; N.&. = not
scheduled; NDDI = no detectable dye ingress

Example 8: STM 434 administration alters human bodv compeosition,

[60388] A huomaen subject was selected for treatment with STM 434 using the above
protocol in Example 4. The subject was a 62 year old African-American male with recurrent

papillary renal cell carcinoma metastatic to the contralateral kidney and pelvic lymph nodes.

143



WO 2015/192127 PCT/US2015/035818

He had received 8 prior hines of antitumor therapy with Torisel, Pazopanib, and
mvestigational agents including B7-H3 mAb, cMet inhibitors, 8 CHK ] inhibitor, an Aurora
kinase mhibitor, and recombinant human Interleukin 10,

1663897 STM 434 Formulation, Packing, and Storage

180398] STM 434 was formulated as a sterile agueous solution intended for IV
aduministration, containing 70 mg/mbl. STM 434, 10 mM potassium phosphate buffer, 8.8%
(w/v) sucrose, and 0.006% (w/v) polysorbate 20 at pH 6.7, Formulated 8TM 434 solution
was packaged o S-mb glass vials, with 13 mm fluoropolymer stoppers and 13 mm seals.
Vials of STM 434 were stored in a non-frost-free freezer at a teraperature of —20°C (= 5°C).
Prior 1o use, STM 434 was thawed overnight in a2 refrigerator at 2°C to 8°C.

1663917 STM 434 Administration and Monitoring

1#0392] STM 434 was administered to the subject at 0.25 mg/kg 1V approximately every 4
weceks {Cohort 2).

[#0383]  First DXA scan was 30 Dec 20114; Dosing was 6 Jan 2015, 3 Feb 2015, and 3 Mar
2015; Follow up DXA scan was on 31 March 2015

[683%4] Changes from baseline in lean bodv mass, appendicular lean mass, and fat

mass {visceral and sphontancous)

[38395]  Various body composition measurements were taken approximately three months
apart to assess the impact of STM 434 on body composition, e.g., muscle and fat. Lean body
mass, appendicular lean mass, and fat mass, and fat distribotion (visceral and subcutancous)
were determined by DXA scans. DXA scans were analyzed by the site radiologist and
confirmed by the central radiology laboratory using IBIS (Imaging Biomarker Information
Systemn) software {0 ensure accurate subject positioning and machine calibration.

[80396] Table 40 shows the results of the measurements for the subject. The results
deraonstrate substantial increases in lean body mass and substantial decreases in fat mass

after only approximately 3 months of treatment at a relatively low dose of STM 434,

Table 40

DATE TLEM ALM TEM VEM | SFM | TEDIS | VFDIS 1 SFDIS | TBMD | RDCOM

30-
Dec-
2014 57388 | 22492 1 15793 657 353 207

(o3}
(3]

35 1.383 | N/A

Mar-
2015 54460 | 24389 3204 4 321 10.8 1.4 98.6 1.365 | N/A
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% A E 12.30% | 8.40% -48% { -99% { -9.1% I -47.8% | -97.8% 282% E-l,S% ]N/’A

TLBM= total lcan body mass;

ALM= Appendicular lean mass;
TFM= total fat mass;

VFM= visceral fat mass;

SEM= subcutancous fat mass;
TBMD= total bone mineral density;
TFDIS= total fat distribution;
VEDIS= visceral fat distribution;
SFDIS= subcutancous fat distribution;

(6683977  While the invention has been particularly shown and described with reference to a
preferred embodiment and various alternate embodiments, it will be understood by persons
skilled in the relevant art that various changes in form and details can be made therein
without departing from the spirit and scope of the invention.

[683e8]  All references, issued patents and patent applications cited within the body of the

mstant specification arve hereby incorporated by reference n their entirety, for all purposes.

SEQUENCES

SEQG ID NG Bescription
1 ActRIB extracellnlar domaiy, polynucieotide
2 AGtRIRB extracelinlar domain, polypeptide
3 svACIRIIB (E28W, 544T) polynucleotide with signal sequence
4 svACIRIIRB (E28W, §447T) polypeptide with signal seguence
5 svACtRIIB (E28W, S44T) polynucleotide without signal sequence
6 svACIRIIB (E28W, 544T) polypeptide without signal sequence
7 svACtRIIB-Fo (E28W, S44T) polynucleciide with signal sequence
8 svACIRIIB-Fe (E28W, 8S44T) polvpeptide with signal seguence
9 svACIRIIR-Fo (B28W, S44T) polvanclectide without signal sequence
iG svACtRIIB-Fo (E28W, S44T) polypeptide without signal sequence {STM 434)
i1 svACIRIIB (E28Y, S44T) polvuncleotide with signal seguence
i2 svACIRIIB (E28Y, S44T) polypeptide with signal sequence
i3 svACIRIIB {(E2RY, S44T) polynuclectide without signal sequence
i4 svACIRIRB (E28Y, §44T) polypeptide without signal sequence
i5 svACtRIIB-Fo (E28Y, S447T) polynucleotide with signal sequence
16 svACRIIB-Fo (HI8Y, 8447} polypeptide with siguel sequence
17 sVACIRIIB-Fo (E28Y, 8447T) polynuclecude without signal sequence
i8 svACtRIIB-Fe (E28Y, 844T) polypeptide without signal sequence
i9 ActREB (E28W) polypeptide, without signal sequence
20 ActRIIB-Fe (E28W) polvnucleotide, without signal sequence
21 ActRIB-Fc¢ (F28W) polypeptide, without signal segquence
22 1g(G2F¢ polypeptide sequence
23 1 1F¢ polypeptide sequence
2 1G4 Fe polypeptide sequence
23 Linker anmino acid segnence
26 Hiuge binker #1 polyuucleotide sequence
27 Hinge brker #1 peptide sequence




WO 2015/192127

PCT/US2015/035818

SEQ ID NG

SEQUENCE

RLHCYASWRYN
GNFCNERETH

SSGTLE

LPEAG P“”

DROECVATER

i ATGACGGCGC COTGEGTGEC CC CTCTGGGGAT CGCTGTECGL
CEGCTCTEGEGE CGTEEGGAGG CTH "(‘H'”T "‘ATC TACTACAACSG
CCAACTGGGA GCUTGGAGC ACC GCGOTGCGAA
GGCGAGCAGG A'th’\,GGC G CC’—“ '"’"CGC GC mC‘K LT"

GGCACC CTCGTGA A \,TC CTA\“ GACTTCAAC
GCTACGE AGGAGTGT G : CCAGGTGTAC
TTCTG ’”T’"‘T GAAGGCAA CTTCT L;k,7—\HC CTCATTTGCC
AGAGGCTGEG CCGGAAG TCACGTACGA ACAGCCCCCA
CC

2 MTAPWVALAL LWGSLCAGSG RGEAETRECIT TNQSGLERCE
GEQDKRLHCY ASWRNSSGTI ELVKKGCWLD D VATEENPQVY
FCCCEGNECN ERF TH PEA G EPPP T

3 ATGGAGTTITG GG TG TCCTC G TAAGAGETGT
CCAGTGTGAG AC GCATCTACTA C TGGGAGCTGG
AGCGCACCAA CCAG CTGGAGCGECT GCG :V:G""(M\ GCAGGACAAG
CEGCTECACT G(_‘.TACGCC'“P ”T GGCGCAAC AGCTCTGGCA CCA '“(‘CHGL I
CGTbAnG_A_H_G GGCTGCTEGC i_»—\_bALGK\,TT CAACTGCTAC GAT

CACTGA f:unb ARCCCCCAGG TGTACTICTG CTL
ARCG CTTCACTCAT TTGCCAGAGG CT I\J\)L)()«u
CAGC CCCCACC
4 MEFGLSWY LERTNQTG .);.u:’"f"(l*g/

NPQVYFRC

I
[O8]

GAGACACGGT

CAACCAGALCC

GGTGCATCTA
GGCCTGGAGC
CTCCTGGLGC
GGCTAGATGA
G7 ACC ‘C C
(3 TC

CTACAACGCC
GCTGCGAAGE
ARCAGCTCTG
CTTC ’\_ACT GC
AGG T

CAT

TGGAGCGCAC
AAGCGGCTGEC

GCTCGTGAAG
AGGAGTGTGT
GA i
CCC

AAGTC

NWELERT N
YDRQECV,

KRLHCYASWR
EONFONERET

ENPQV f]:'(_‘.CC.

NESGTIE
HLPhAG"»‘P”

~J

[_\\.

CCAG “F’;.
AG CGC
CGGCT
C”T‘”
"TquT""ﬁ

GGETTTTCCTC GTTECTeTTT
GCATCTACTA HH\/L:CCAT-\C
CTGGAGCGCT
CTGG AT
TAG \OTT

AMACCCCCAGG

TAAGAGGTGT
TGEGAGCTGE
GCAGGACAAT
CCATCGAGCT
GATAGGCAGG
CTGCTGTGAC

GNFCRERTTH
FLEFPPRFKDT
PREEQFNSTE
GOPREFPQVYT

YRTTPPMLDS

LERAGGPEVT
LMISRTPEV

RVVGVLTVVH
LPFSREEMTK
S, YSKL

DGSFEL

YEPPPTAPTG
/'“\/7""?" "‘7’:HE‘"\
QDY ”JLNL:'E\E iy
NOQVSLTCLVK

TVDKSRWGOG

GGGSVECRRC
PEVQF?\VV* 7T

GIYPSDIAVE

UVESCEVMH

€
CAC
GGCAACTTCT GCA JvGA’:Cb CTTCACTCAT TTvaA AGG CTGGGGGCCC
[J\J LAL“ TCACG TACGAGCCAC CCCCGACAGC CCCCACCGGA GGGGGAGGAT
I'G CCCACCG CCAGCACCAC CTGTGGCAGG Ch/\T(‘:&LSTA
COCCAARAALC C CTCATGATCT
TGCGTGGTGE T CCACGAAGAC
GTACGTGGAC G TGCATAATGC
AGCAGTTCAA C CGTGTGGTCA
CAGGACTGGC T CGG H[‘x GGAGT Hf AR G
CCTCCCAGCC C VITCGAGA AAACCAT
GGGCAGCCCC GAGAACCACA GGTGTAL ACC’ CTGCCCCCA
GATGAC CA_nLj AACCAGGTCA GC SAC CCTGEGTCAAA
; C CGTGGAG TG ATGGEGC?
TACAAGACCA (7 CCCAT G GACGGCTCCT
CAGCAAGCTC AvCG—GbAvA AGAGCAGGTG GCAGCA ’E”GG f—\fu'\:TC’mTCm
CATGCTCCGET GATGCATGAG GCTCTGCACA ACCACTACAC GCAGAAGAGC
CTCTCCCTGT CTCCGGETAA A
5 MEFGLSWVFL VALLRGVQCE TRWCIYYNAN WELERTNQTG
RLHCYASWRN SSGTIELVEK GCWLDDFNUCY DRQECVATEER

I KTK
WESNGQPENN
ALHWHYTOKS

GOT ey
GGETGCATCTA

CTACARCGCC

TGGAGCGECAC
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CAACCAGACC

ACTGCTACGC
ARGGGCTGC

GGCCACTGAG
TCTGCAACGA
ACGTACGAGC

GTGCCCACCG
COCOAAN
[OV2V2V2Y

TCC
ACGTGCGTGG
CTGGTACETG
AGGAGCAGTT
CACCAGGAC

(."(’,- aTal ( n

LA

AAGAACCAGG
CATC U\,CST’L}‘
CCACACC
CTCACC
CGTGATGCAT

TGTCTCCGGG

G

C(\./I C "GAC
TGCCCAGCAC
ACCCAAGGAC
GGETEGACGT
GACGGCGTG
CAACAGCACG

GCTGRACGG

sl

2
2
o
J

v
{1
e
-

EORD!
e

= 0O

,/
=
I
?

3

(
=GN

H\;AG"A 3
GG”TC TGC

AR

[}j.

A

2 Ch
=3

Gy

3

b

[

>

AACAGCT
T

ACTT

CTG
CAACTGC

GGTGT

0
&

N

bl
i
=i

G CC CCnCC
SCTGTGGC

TGA

Chmp
PR
AGCCACGAA
Ay

5]

A

TS s (0

GCATAA
GTGTGG
AGTAC

3 ’-3

>' [N

= G E>Q ”'>‘

G
Ct

PERY

(e
¥

:¥a

LB
R

=
5

A(‘

(‘}

ReRe!

~
L

1 () =3

e
(1O,

I"’C'C'?x
T “C(.
STGGO

\CGGECT
GTGECAGCAG
A AAvC‘ ACTA

J

\4 I

y
‘)

{ CAGGAC
CATCGA
ATAGGC
ST GO
TC”“bb
GG GGAG

(]
ACCETCA

G o
e lint
O.P‘P

T

o]

OO0 .f) (@]

[DESEAE
D’L*‘CI

"‘ =3 ) 3 o

ACCCCGAGG
1 GCCAAGACA

TCAGCGTCCT
AAGTGCAAGG
CTCCAAAACC
CATCCCGGGA
ARAG T
GCCGGA ._7\_1{(

CCTECTTICCT
GGGAACGETCT
CACGCAGAAG

I
o

AAGCG GCT'W‘
GCTCGTGAR
A ﬂ:ijchTf: I
GAGGGCAACT
CCCGGAAGTC
GATCTGTCGA
TCCTCT
CCCTGAGGTC
TCCAGTICA
AAGCCACGG
CACCGTTGTG
TCTCCAACAA
AAAGGGCAGC
AG AT": ‘-\.Cf

CTT
oL

WA
~
I

LN
TOA
AGuCTCTCCF

ETRWCIYYNA
{GCWLDDENC
TYEFPFPTAPT
TCVVVDVSHE
HODWLNGKEY
KNQVSL T’”" 3
LTV 3/\' SRWQ

= ;,j

WELERTNGOT
FQECVATE
GGGSVECPP
JFNRYV

KGLP

&g
<

<

DG e Zed G

2

ey
-

)'.")"E/f)U~

3
)
P

[~
<

pe
G

t

)U)"J(D.(

e}
=

GLERCEGEQD
ENPQVYFCCC
CEAFPPVAGES
DGVEVHNAKT
APLERTISKT
EWESNGQPEN
EALHNHYTQOXK

KRLACY
EGNEC
VELFFPKPKD
EPREEQIFNST
RGOPREPQVY
NYKTTPE!

Mg

SLELSPGK

NESGTIELV

HL;’E»—\GGI‘E‘\
TLMISRTFEV
FRVY _/,\7: TV
TLPPSREEMT

DGESFFLYSK

~

TGGAﬂT G
CCAGTGTGAG
AGCGCACCAA
CGGCTGCACT
CGT ‘meG_F\_H_b
AGTGTGTGGC
GGCAACTT

=3
‘.’J“JOU)
LT)»—]G‘QHG)C@I
<i

5}
5 {0

O R

1000
53

G

10 3
==

D ) G
QGGG

GGy O G

b
T

CACTG

A S

GCAACG

GCA TVTACT A
CTGGAGCGCT

CTOG0

GGECGCAAC
TAGATGACTT
AMCCCCCAGG
CTTCACTCAT

CCCCGACAGC

GTTGCTCTT
CAACGCC _7\4{(
GCGAAGGCGA
AGCTCTGECA
CAACTGCTAC
TGTACTTCTG
"‘"TC’C AGAGG

CCCACT

TAAGAGGTGT
TGGGAGCTGEG
GCAGGACAAG
CCATCGAGCT
GAT
CTG TG"'JW{'\:

CTGGGGECCT

12

GGAAGTCACS
i

MEFGLSWVEL

RLH C '!f' 7»\S'd RL\'

C'NE

A
'“AC (:f\ 3 C

@T

GTL‘JLVKK

GPEVT

YYNAN
GCWLDDENCY
YEPPPTAPT

TRYCT

FETERTIOTE
DROECVAT

(«.7\/\1 -
TCTGOAAL

LA
ACGTA

LPREAGG
ACT GCATCTA
CTGGAGC
CTC “’”G
L*L*CT:ijL EN
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CLAIMS

I

A composttion comprising a solution of a protein, an excipient, a baffer, and a surfactant,
wherein the composition comprises a pH of 4-12, wherein the protein comprises a
polypeptide capable of binding myostatin, activin A, or GDF-11, whevein the polypeptide

is selected from the group consisting of)

{(a} a polypeptide consisting of the amino acid sequence set forth in the group

consisting of SEQ 1D NO: 4, 6, 12, and 14,

(b} apolypeptide having at least 90% sequence identity to {a}, and the polypeptide
has a Wor a Y at the position corresponding to position 28 of the sequence set forth in
SEQ 1D NO:2 and a T at the position corresponding to position 44 of the sequence set
forth in SEQ 1D NO:2, and

{c} a polypeptide having at least 95% sequence identity to (8}, wherein the
polypeptide has a W or a Y at the position corresponding to position 28 of the sequence
set forth in SEQ ID NO:2 and a T at the position comesponding to position 44 of the
sequence set forth in SEQ 1D NG:Z; and

wherein the proiein in the composition retains at least 80% stability for a time period
of greater than 1 month in solution when kept at 2-8°C or 5°C relative to the protein in
the composition at the beginning of the time period (U months) or relative to an identical
protein kept under otherwise identical conditions for greater than 1 month at -20°C or -
70°C;

and, optionally wherein the composition further comprises a chemotherapeutic agent

or a sccond therapeutic agent.

The composition of claim |, wherein the protein consists of the sequence set forth in SEQ
1D NO: 10 at a concentration of 70 mg/ml, the exeipient is 8.8% weight/volume (wiv)
sucrose, the buffer is 10 mM potassium phosphate buffer, the surfactant 15 0.006% (w/v}
polysorbate 20, and comprising a pH of 6.7; and wherein the protein in the composition
retains at lcast 90% stability for a time period of greater than 6 months in selution when
kept at 2-8°C or 5°C relative to the protein in the composition at the beginning of the time
period {0 months) or relative to an identical protein kept under otherwise identical

conditions for greater than 6 months at -20°C or -70°C.
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(e

The composition of claim |, comprising a pH of least 4, 5, 6, 7, 8, or 9, optionally
wherein the pH is 4-10, 4-8, or 5-7, optionally wherein the pH is at least 6-7, optionally
wherein the pH is at least 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, or 7.0,

4. The composition of any preceding claim exeept claim 2, wherein the excipient comprises
a sugar, optionally wherein the sugar is sucrose, optionally wherein the excipient
concentration in the composition is at least 7-11, 8-10, 8-9, 8.8, 7,8, 9, 16, 11, 8.0, 8.1,

82,83, 84,85 86,87,89, or 9.0% weight/volume {w/v).

[

The composition of any preceding claim except claim 2, wherein the buffor comprises a
phosphate, opticnally wherein the phosphate is potassivm phosphate, opticnally wherein
the buffer concentration in the composition is at feast 7-13, 8-12, 9-11, 8,9, 10, 11, or 12

mh.

6. The composition of any preceding claim except claim 2, wherein the surfactant is a non-
ionic surfactant, optionally wherien the non-ionic surfactant is a polysorbate, optionally
wherein the polysorbate is polysorbate 20, optionally wherein the surfactant
concentration is 0.001-0.10, 8.05-0.10, 0.001, 0.002, 0.003, 8.004, 0.008, 0.006, 0.007,
0.008, 0.009, 0.010, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, or 8.10% {w/v).

o4

The composition of any preceding claim except claim 2, wherein the protein in the
composition retains at feast 99.5-80%, 90-85%, 99.5%, 99%, 98%, 97%, 96%, 95%, 94%,
93%, 92%, 91%, 90%, §9%, B8%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, or 8(%
stability for a time period of greater than 1-54, 6-48, 12-36, 24-36, 1, 2, 3, 6, 12, 18, 24,
36, 48, or 54 month(s) in solution when kept at 2-8°C or 5°C relative to the protein in the

composition at the begimning of the time period (0 months).

8. The composition of any preceding claim except claim 2, wherein the protein in the
composition relains at least 99.5-80%, 90-85%, 99.5%, 99%, 98%., 97%, 96%, 95%, 94%,
93%, 92%, 91%, 90%, 89%;, 88%, 87%, 86%, 8S%, 84%, 83%, 82%, &1% or 80%
stability for a time period of greater than 1-54, 6-48, 12-36, 24-36, 1, 2, 3, 6, 12, 18, 24,
36, 48, or 54 month(s) in sohition when kept at 2-8°C or 5°C relative to an identical
protein kept under otherwise identical conditions for an equivalent time period at -20°C

or -70°C.
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The composition of any preceding claim, wherein the protein in the composition retains at
least 99.5-80%, 90-85%, 99.5%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%,
G{1%, 89%, 88% 5, 86%, 85%, 84%, 83%, 8§2%, 81%, or 80% activity for a time
period of greater than 1-54, 6-48, 12-36, 24-36, 1, 2, 3, 6, 12, 18, 24, 36, 48, or 54
month(s) in solution when kept at 2-8°C or 5°C relative to the protein in the composition
at the beginning of the time period {0 months), optionally wherein activity is determined

using a cell-based bioassay.

The compaosition of any preceding claim, wherein the protein in the composition retains at
feast 99.5-80%, 90-85%, 99.5%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%,
5%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, %2%, 81% or 80% activity for a time
period of greater than 1-54, 6-48, 12-36, 24-36, 1, 2, 3, 6, 12, 18, 24, 36, 48, or 54
month(s) in solution when kept at 2-8°C or 5°C relative to an identical protein kept under
otherwise identical conditions for an equivalent time period at -20°C or -70°C, optionally

wherein activity is determined using a cell-based bicassay.

The composition of any preceding claim, wherein percent stability of the protein in the
composition is determined by one or more of the following: visual apperance, osmolality,
pH, volume, size exclusion high performance Hquid chromatography (SE-HPLC), imaged
capitlary isoelectric focusing (GiclEF), sodumm dodecul sulfate capillary electrophoresis
{CE-SDS), non reduced (rCE-SDS), reduced CE-5DS, enzyme-hnked mmunc-specitic
asssay {ELISA), cell-based bioassay, endotoxin level, sterility, subvisible particles, and

polysorbate 20 concentration.

. The composition of any preceding claim cxcept claim 2, wherein the peptide consists of

the amino acid sequence set forth in SEQ 1D NG:6.

The composition of any preceding claim except claim 2, wherein the protein consists of

the amino acid sequence set forth in SEQ 1D NO:10.

The composition of any preceding claim except claim 2, wherein the protein consists of
the amino acid sequence set forth in SEQ 1D NO:10, the excipient is sucrose, the butter is

potassivma phosphate buffer, and the surfactant is polysorbate 20.
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The composition of any preceding claim except claim 2, wherein the concentration of the
protein is at least 50-90, 60-80, 65-70, 70-75, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72, 73,74,75,76, 77,78, 19, or 8 mg/ml..

The compaosition of any preceding claim except claim 2, wherein the polypeptide
comprises the sequence set forth in SEQ 1D NO:6, the excipient is 8.8% {w/v) sucrose,
the bufter is 10 mM  potassium phosphate buffer, the surfactant is 0.006% (w/v)

polysorbaic 20, and the pH 8 6.7.

. The composition of any preceding claim except claim 2, wherein the protein consists of

the amino acid sequence set forth in SEQ 1D NO:10 at a concentration of 70 mg/ml, the
excipient is 8.8% {w/v} sucrose, the buffer is 10 mM potassium phosphate buffer, the

surfactant is 0.006% {(w/v) polysorbate 20, and the pH is 6.7,

. The composition of any preceding claim, comprising the chemotherapeutic agent

doxorubicin.

. A method of inhibiting a solid tumor growth in a sebject, or treating a solid tumorin a

subject, or inhibiting, reducing, or treating cachexia in a subjoct, comprising
administering a dose of the composition of any of the above composition claims to the

subjoct,

. A method of inhibiting a solid tumor growth in a subject or treating a solid twmor in 2

subicct, comprising administering a fixed dose ranging from at least 0.1 mg/kg to 20
mg/kg of a protein 1o the subject, wherein the protein comprises a polypeptide capable of

binding myostatin, activin A, or GDF-11 selected from the group consisting of:

{a} a polypeptide consisting of the amino acid sequence set forth in the group

consisting of SEQ ID NO: 4, 6, 12, and 14;

(b} a polypeptide having at least 90% sequence identity to {(a}, and the polypeptide
has a W ora Y at the position corresponding to position 28 of the sequence sct forth in
SEQ ID NO:Z and a T at the position corresponding to position 44 of the sequence set

forth in SEQ IDNO:2, and

{c) apolypeptide having at least 95% sequence identity 1o {a), and the polypeptide

AN

has a W or a Y at the posttion corresponding to position 28 of the sequence set forth in
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SEQ D NQ:2 and a T at the position corresponding to position 44 of the sequence set

forth in SEQ 1D NG:2.

. The method of any preceding method claim, wherein the dose is at feast 0.1-10 mg/kg,

(4.25-5 mg/kg, 1-4 mg/ke, 0.25 mg/kg, 0.5 mg/keg, 1 mg/kg, 2 me'ke, 3 mg/kg, 4 mg/kg,

or § mg/ke.

. The method of any proceding method claim, wherein the dose 15 administered to the

subjoct at least once every 1-5, 2-4, 1, 2, 3, or 4 weeks.

The method of any preceding method claim, wherein the dose is administered

mtranvenously (1V) to the subject.

. The method of any preceding method claim, wherein the protein consists of the amino

acid sequenee set forth in SEQ 1D NO: 10,

. The method of any proceding method claim, wherein the protein is formulated according

to any preceding composition claim.

The method of any preceding method claim, further comprising administering

doxorubicin to the subject.

. The method of claim 26, wherein the doxorubicin is administered to the subject at icast as

T~ .
a 40 mg/m’ infusion.

. The method of claim 26, wherein the doxorgbicin is Hposomal doxorubicin.

. The method of claim 26, wherein the doxorubicin is administered before, after, or

stroultancously with the protein.

1. The method of claim 26, wherein the doxonubicin is administered to the subject at least

every 4 weeks, optionally for 6 cycles or less.

The method of any preceding method claim, wherein the sclid turmor expresses myostatin,

activin A, activin B, and/or GDF-11.

2. The method of any preceding method claim, wherein the solid tumor is selected from the

group consisting of: ovarian cancer including granclosa cell, clear cell, serous,
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endometrioid, and germ cell tumors, fallopian tube cancer, endometrial cancer, adrenal
cortical tumor, gall bladder cancer, pancreatic acinar carcinoma, head and neck cancer,
non-small cell lang cancer, small cell lung cancer, pancreatic cancer, prostate cancer,
small intestinal tumors, colon cancer, renal cell carcinoma, adenoid cystic carcinoma,
gastric cancer, esophageal cancer, adenocid cystic carcinoma (ACC), squamous cell
carcinoma including skin cancer, melanoma, breast cancer, bladder carcinoma,
hepatocellular carcinoma, and uterine cancer including endometrial, cervical, leiomyoma,

vulva, and vaginal cancer.

3. The method of any preceding method claim, wherein the solid tmor is ovarian cancer.

. The method of any preceding method claim, wherein the subject 1s selected or excladed

based upon at least one criterion.

. The method of clatmo 34, wherein the criteria 1s used to sclect the subject for

administration, and the criteria is one or more of the following: males and
postmenopausal fermales > 18 years of age, presence of advanced solid tumors with
histologic diagnosis confirming cancer, presence of recurrent metastatic or locally
advanced discase considered refracigory or intolerant to all standard treatment available
for their tumor, or those with tumors for which no standard treatment is available,
subiccts with serous ovarian/ fallopian tube/primary peritoneal, granulosa cell tmors or
clear cell tumors considered platinum refractory/resistant, defined as baving at least one
prior platinum-based chemotherapeutic regimen with a subsequent platinum-free interval
of <12 months, having progression during platinom-based therapy, or having persistent
discase after a platimum based therapy, platinum intolerant subjects defined as unable to
receive further platinum due to toxicity, measurable disease using Response Evaluation
Criteria in Solid Tumors (RECIST 1.1) ¢riteria, an FEastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, ability to walk at icast 30 meters without assistance
from another person (usc of assistive devices such as a cane or walking frame can be
allowed), 12 mounths of spontancous amenorchea in postmenopausal women, 6 months of
spontancous amenorrhea with FSH > 40 [U/L in postmenopausal women, and/or post-

surgical bilateral cophorectomy with or without hysterectomy in postmenopausal women.
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36. The method of claim 34, wherein the criteria 15 used to exclude the subject from
administration, and the criteria is one or more of the following: concurrent serious
vwncontrolled or amresolved medical condition (such as infection) Hmiting protocol
compliance or exposing the subject to extreme visk, unresolved toxicities from prior anti-
cancer therapy, such as motor or sensory neuropathy, with a CTCAE (version 4.03)
(Grade > 2 with the exception of alopecia, history of gastrointestinal bleeding within 6
months of starting treatment, presence of QTcF > 470 msec, history of hereditary
profonged QT interval, or any arvhythmia (such as bundle branch blocks) that would
preclude assessment of the QT interval, myocardial infarction, unstable angina within 6
months of Cycle 1 Day 1, or congestive heart failure New York Heart Association 2 class
11, elevated liver function tests, including total bilirabin > 1.5 » the upper Hmit of normal
{ULN; unless subject has documented Gilbert’s diseasc), aspartate aminotransforase
(AST) or alanine aminotransferase (ALT) > 3.0 x ULN (for subjects with known liver
metastasis, AST or ALT > 5 x ULN), ereatining > 1.5 x ULN and an estimated creatinine
clearance of < 60 mi/min (using the Cockeroft-Gaolt equation), bemogiobin < 9 g/dL;
platelet < 100 x 107/L; absolute neutrophil count {ANC) < 1.5 » 10%/L (without
granuiocyte colony-stimulating factor support within 2 weeks of starting treatment),
chemaotherapy, hormonal therapy, or radiation therapy within 3 weeks of starting
reatment, antibody/biologic therapy within § half ~lives or 4 weeks (whichever is longer)
of starting treatment, major surgery within 8 weeks or minor surgery within 4 weeks of
starting treatment, current bowel obstruction, brain metastasis, presence of ascites or
plearal effusion requiring frequent (more than 1 % per week) medical intervention,
presence of portal-venouas shumt device or history of extensive hepatic resection (more
than one segment), known human immonodeficiency virus (HIV) infection, active
Hepatitis B or C infection, prior treatment with any mvestigational product within 4
weeks of starting treatment, fomale of childbearing potential, or male with a female
partner of childbearing potential, unwilling to use a highly effective method of
contraception (i.e., one that results in pregunancy less than 1% per year) when used
consistently and correctly, sach as implants, injectables, combined oral contraceptives,
some intrauterine contraceptive devices, sexuyal abstinence, or a vasectomized partner,
hypersensitivity reactions o a conventional formulation of doxorabicin HCl or the
components of Hposomal doxorubicin, cumulative dose of prior doxorubin HCL> 300

2 . . . s e = 2 . . .
g/, or cumalative dose of prior epirubicin > 500 mg/m”, decreased cardiac ejection
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fraction less than the lower lmit of normal by a MUGA scan or an echocardiogram

(ECHO) witlun 28 days of starting treatment, and/or women who are breast-feeding.

. A method of producing a protein comprising a polypeptide capable of binding mivosiatin,

activin A, or GDF-11, wherein the polypeptide is selected from the group consisting of:
(a} a polypeptide consisting of the amino acid sequence set forth in the group consisting
of SEQ ID NG: 4, 6, 12 and 14; (b) a polypeptide having at least 90% sequence identity
to {a}, and the polypeptide has a W ora Y at the position corresponding to position 28 of
the sequence set forth in SEQ ID N(:2 and a T at the position corresponding (o position
44 of the sequence set forth in SEQ 1D NO:2, and {c} = polypeptide having at least 95%
sequence identity to (a), and the polypeptide has a W or a Y at the position corresponding
to position 28 of the sequence set forth in SEQ ID NO:2 and a T at the position
corresponding to position 44 of the sequence set forth in SEQ 1D NO:2, the method

compiising:
culturing a €S9 Chinese hamster ovary cell Hne engineerced to express the protein
in a cell culture;
harvesting the protein from the coltore; and
purifying the protein.

The method of claim 37, wherein the culturing step takes place, at least i part, in a

bioreactor.

. The method of any proceding method of producing claim, wherein the harvesting step

comprises clarification and/or filtration.

The method of any preceding method of producing claim, wherein the purification step
comprises protein A chromatography, low pH viral mactivation, cation exchange
chromatography, hydrophobic interaction chromatography, vival filiration, and/or

ultrafiltration.

The method of any preceding method of producing claim, wherein the purification step

comprises use of chromatography, microbial inactivation, and/or filtration.

2. The method of any preceding method of producing claim, further comprising formulating

the protein in a sterile aqueous solution.
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43. The method of any preceding method of producing claim, further comprising formulating

44,

45.

46.

49,

the protein according any preceeding composition claim.

A method of inhibiting, reducing, or ireating cachexia in a subject, comprising
administering a fixed dose ranging from at feast 0.1 mg/kg o 20 mg/kg of a protein to the
subiect, whercin the protein comprises a polypeptide capable of binding myostatin,

activin A, or GDF-11, wherein the polypeptide is selecied from the group consisting of:

{a} a polypeptide consisting of the amino acid sequence set forth in the group

consisting of SEQ ID NQ: 4, 6, 12, and 14;

(b} a polypeptide having at least 90% sequence identity to {(a}, and the polypeptide
has a W ora Y at the position corresponding to position 28 of the sequence set forth in
SEQ ID NO:Z and a T ai the position corresponding to position 44 of the sequence sct

forth in SEQ 1D N2, and

(¢} a polypeptide having at least 95% sequence identity o {a), and the polypeptide
has a W or a Y at the posttion cotresponding to position 28 of the sequence set forth in
SEQ I NO:2 and a T at the position corresponding to position 44 of the sequence set

forth in SEQ D N2,

The method of claim 44, wherein the dose 1s at least 0.1-10 mg/kg, 0.25-5 mg/kg, 1-4

mg/kg, 8.25 mg/kg, 0.5 mg/kg, 1 mg/kg, 2 mg/kg, 3 me/kg, 4 mg/kg, or S mg/kg.

The method of any proceding method of inhibiting, reducing, or treating cachexia claim,
wherein the fixed dose is adminisiered to the subject at least once every 1-§, 2-4, 1, 2, 3,

or 4 weeks.

. The method of any preceding method of inhibiting, reducing, or treating cachexia claim,

wherein the fixed dose is administered intranvenously (1V) to the subject.

{. The method of any preceding method of inhibiting, reducing, or treating cachexia claim,

wherein the protein consists of the amine acid sequence set forth n SEQ 1D NO:0.

The method of any precedng method of imhibiting, reducing, or treating cachexia claim,

wherein the protein is formulated according to any preceding composition claim.
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51,

Lh
th

. The method of any preceding method of inhibiting, reducing, or treating cachexia claim,

further comprising administering doxorubicin to the subject.

The method of claim 50, wherein the doxorubicin is adminisiered to the subject as at least

a 40 mg/m” infusion.

. The method of claim 50, wherein the doxorubicin is lipesomal doxorubicin,

. The method of claim 30, wherein the doxorubicin is adovnistered before, after, or

stoultaneously with the protein.

. The method of ¢laim S0, whersin the doxorebicin is administered to the subject at feast

gvery 1, 2, 3, or 4 weeks.

. The method of any preceding method of inhibiting, reducing, or treating cachexia claim,

wherein the subject has a tumor, optionally wherein the tumor is a solid tumor, optionally

wherein the tumor 1s ovarian cancer.

. The method of claim 55, wherein the timmor expresses myostatin, activin A, activin B,

and/or GDF-11.

. The method of ¢laim $8, wherein the tumor is a solid tumor 18 selected from the group

consisting of: ovarian cancer inchuding granulosa cell, clear cell, serous, endometrioid,
and germ cell umors, fallopian tube cancer, endomeirial cancer, adrenal cortical tumor,
gall bladder cancer, pancreatic acinar carcinoma, head and veck cancer, non-small cell
lung cancer, small cell ing cancer, pancreatic cancer, prostate cancer, small fntestinal
tumors, colon cancer, renal cell carcinoma, adenoid cystic carcinoma, gastric cancer,
csophageal cancer, adenoid cystic carcinoma (ACC), squamous cell carcinoma including
skin cancer, melanoma, breast cancer, bladder carcinoma, hepatocellular carcinoma, and

utering cancer including endometrial, cervical, leiomyoma, vulva, and vaginal cancer.

. The method of claim S5, wherein the tumor is ovarian cancer.

. The method of any preceding method of inhibiting, reducing, or treating cachexia claim,

wherein the subject is selected or excluded based upon at least one criterion.
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60. The method of any preceding method of mhibiting, reducing, or treating cachexia claim,

61.

63.

64.

wherein the efficacy of the administration is analyzed by using at least one measurement
method, the measurement method comprising measurement of lean body mass, fat mass,
bone mineral density, lpid profile, fasting glucose and/or insulin, homeostatic model

assessment {HOMA), hemoglobin Alc (HbAIc), or a six minute walk distance.

The method of any proceding method of inhibiting, reducing, or treating cachexia claim,
wherein administration resulis in an improvement in at least onc of the subject’s fean
body mass, fat mass, bone mineral density, lipid profile, fasting glucose and/or insulin,
homeostatic model assessment {HOMA), hemoglobin Ale (HbAlc), or six minuie walk

distance.

. The method of any preceding method of inhibiting, reducing, or treating cachexia claim,

further comprising use of at least one measurement method, the measurement method
comprising measurement of lean body mass, fat mass, bone mineral density, hipid profile,
fasting ghicose and/or insulin, homeostatic model assessment (HOMA), hemoglobin Alc

(HbAl¢), or a six minute walk distance.

A method of treating obesity or a discase associated with obesity, increasing or
maintaining muoscle mass, or decreasing fat mass in & subject, comprising: administering
to the subject an effective dose of a protein that inhibits at least one of activin, myostatin,
and GDF-11, optionally wherein the disease associated with obesity is at least one of 3
genetic obesity syndrome, Prader willi syndrome, a hypothalamic disorder, familial
bypercholesterolomia, Bardet-Bied! syndrome, Prader-Willi syndrome, a syndrome
osulting from a loss of imprinted gones on 15g11-13, Alstrom syndrome, Cohen
syndrome, Albright’s hereditary osteodysirophy (pseudohypoparathyroidism), Carpenter
syndrome, MOMQO syndrome, Rubinstein-Taybi syndrome, a syndrome resulting from
deletions of at least one of 6g16, 1p36, 2g37, and 934, maternal oniparenial disomy of
chromosome 14, fragile X syndrome, atherosclerosis, non-alcoholic steatohepatitis, a
discasc where visceral fat deposition resulis i one or more deleterious outcomes,

cerchrovascular disease, fatty Hver, and Borjeson-Forssman-Lehman syndrome.

The method of claim 63, wherein the subject 15 8 human subject in need thereof.
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The method of any preceding method of treating obesity or a discase associated with
chesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
protein is an antibody or a fusion protein, optionally wherein the fusion protein is an
ActRIIB fusion protein, optionally wherein the ActRIIB fusion protein comprises a
sequence with at least 80 %, 85 %, 90 %, 95 9%, 96 %, 97 %, 98 %, or 99 % identity to the
sequence set forth in aming acids 19-25, 19, 20, 21, 22, 23, 24, or 2§ through 130-134,
125, 126, 127, 128, 128, 130, 131, 132, 133, or 134 of SEQ 1D NO: 2, optionally wherein
the fusion protein comprises Fe, optionally wherein Fe 15 1gG, optionally wherein IgG is

humem 1gQ, optionally wherein ActRIB and Fo are linked by a Hnker.

The method of any proceding method of treating obesity or a disease associated with
ohesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
protein inhibits at least two of activin, myostatin, and GDF-11, optionally wherein the

protein inhibits activin, myostatin, and GDF-11

. The method of any preceding method of treating obesity or a disease associated with

obesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the

protein inhibits activin,

. The method of any preceding method of treating obesity or a disease associated with

obesity, increasing or mainiaining muscle mass, or decreasing fat mass claim, wherein the
dose is at least 0.1-10 mg/kg, 0.25-3 mg/ke, 1-4 mg/keg, .25 mg/kg, 0.5 mg/kg, | mg/kg,

2 mg/ke, 3 mg/kg, 4 mg/kg, or 5 mg/kg.

The method of any preceding method of treating obesity or a discase associated with
chesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the

dose s administered fo the subject at least once every 1-3, 2-4, 1, 2, 3, or 4 wecks.

The method of any proceding method of treating obesity ot a diseasc associated with
obesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the

dose 1s administered Udravenousky (IV) to the subject.

. The method of any preceding method of treating obesity or a disease associated with

obesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the

protein comprises or consists of the amino acid sequence set forth in SEQ ID NG: 140,

161



WO 2015/192127 PCT/US2015/035818

~J
]

. The method of any preceding method of treating obesity or a discase associated with
chesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the

protein is formulated accovrding 1o any preceding composition claim.

73. The method of any preceding method of freating obesity or a discase associated with
ohesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the

compound is formulated in a pharmaceutical composition with an excipicat.

74. The method of any preceding method of treating obesity or a disease associated with
obesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
subject has at least one of a genetic obesity syndrome, Prader willi syndrome, a
hypothalamic disorder, famihial hypercholesterolema, Bardet-Bied! syndrome, Prader-
Willi syndrome, a syndrome resulting from a loss of imprinted genes on 151 1-13,
Alstrom syndrome, Cohen syndrome, Albright’s hereditary osteodystrophy

{pseudohypoparathyroidism), Carpenter syndrome, MOMO syndrome, Rubinstein-Taybi

syndrome, a syndrome resulting from deletions of at least one of 616, 1p36, 2937, and

934, maternal uniparental disomy of chromosome 14, fragile X syndrome,

atherosclerosis, non-alccholic steatohepatitis, a disease where visceral fat deposition

results in one or more deleterious outcomes, cerebrovascular disease, fatty hiver, and

Birjeson-Forssman-Lehman syndrome.

75. The method of any preceding method of treating obesity or a disease associated with
obesily, increasing or mainiaining muscle mass, or decreasing fat mass claim, wherein the
method decreases at least one of total fat mass, subcutancous fat mass, and visceral fat
Mass.

~3

76. The method of any preceding method of treating obesity or a discase associated with
chesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
method results in a greater percent decrease in visceral fat mass relative to the percent

decrease 1n total fat mass.

77. The method of any preceding roethod of treating obesity ov a discase associated with
ohesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
method increases at least one of lean body mass and appendicular lean mass, or wherein

the method maintains at least one of lean body mass and appendicular lean mass.
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78. The method of any preceding method of treating obesity or a discase associated with
chesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
method results in an ingcrease in at least one of lean body mass and appcndicuiar fean
mass by at least 1-50%, 1%, 29, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%,

(1%, 35%, 40%, 459, 50%, or more.

79. The method of any proceding method of treating obesity or a discase associated with
ohesity, increasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
method results in a decrease in at least one of total fat mass, subcutancous fat mass, and
visceral fat mass by at least 1-99%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 8%, 85%, 90%,

§5%, 99%, or more.

50. The method of any preceding method of treating obesity or a disease associated with
obesity, ncreasing or maintaining muscle mass, or decreasing fat mass claim, wherein the
subject has at least one of insulin resistance, chronic kidney disease, cancer, and a

catabohie condittion.

81. A kit comprising a composition of any of the preceding composition claims and
imstructions for use, optionally wherein the instructions for use comprise a method of any

preceding method claim,
82. The kit of claim 31, further comprising a vial comprising the composition.
83. The kit of claim 82, wherein the vial is designed for storage at 2-8°C.
%4. The kit of ¢claim 82, wherein the vial can be stored at 2-8°C.

85. The kit of clatm 82, wherein the vial has a stopper and wherein the composition can be i
condact with the stopper, optionally without substantially topacting the stability of the

protein.



