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(57) Abstract: The present invention provides pharmaceutical formulations for sustained release, and methods for delivering a treat-
ment regimen with a combination of sustained release and long half-life formulations. The invention provides improved pharma-
cokinetics for peptide and small molecule drugs. A sustained release pharmaceutical formulation comprises a therapeutic agent for
systemic administration, where the therapeutic agent comprises an active agent and an amino acid sequence capable of forming a re-
versible matrix at the body temperature of a subject.
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FORMULATIONS OF ACTIVE AGENTS FOR SUSTAINED RELEASE

PRIORITY

This application claims priotity to U.S. Provisional Application No. 61/526,940,
filed August 24, 2011 and U.S. Provisional Application No. 61/551,506, filed October

26, 2011, each of which are hereby incorporated by reference in its entirety.

10 FIELD OF INVENTION

The present invention relates to pharmaccutical formulations for sustained
release, and methods for delivering a freatment regimen with the sustained release
formulations.

IS
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

The contents of the text file submitted electronically herewith are incorporated

herein by reference in their entirety: a computer readable format copy of the sequence

20 listing (filename: PHAS_024_02WO_Seql.ist_ST25.txt, date recorded: August 14,
2012, file size 3 kilobytes).

BACKGROUND

25 The effectiveness of peptide and small molecule drugs is often limited by the
half-life of such drugs in the circulation, as well as difficulties in obtaining
substantially constant plasma levels. For example, the incretin GLP-1 must be
administered at relatively high doses to counter its short half-life in the circulation, and
these high doses are associated with nausea, among other things. Murphy and Bloom,

30  Nonpeptidic glucagon-like peptide 1 receptor agonists: A magic bullet for diabetes?

PNAS 104 (3):689-690 (2007). Further, the peptide agent vasoactive intestinal peptide
(VIP) exhibits a half-life, in some estimates, of less than one minute, making this agent

impractical for pharmaceutical use. Domschke et al., Vasoactive intestinal peptide in

man: pharmacokinetics, metabolic and circulatory effects, Gut 19:1049-1053 (1978);

35 Hemning and Sawmiller, Vasoactive intestinal peptide: cardiovascular effects

SUBSTITUTE SHEET (RULE 26)
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Cardiovascular Research 49:27-37 (2001). A short plasma half life for peptide drugs
is often due to fast renal clearance as well as to enzymatic degradation during systemic

circulation.

Strategics for improving the pharmacokinetics of peptide and small molecule

"

drugs are in great demand.

SUMMARY OF THE INVENTION

The present invention provides pharmaceutical formulations for sustaived
10 release, and methods for delivering a treatment regimen with the sustained release
formulations. The invention thereby provides improved pharmacokinetics for peptide

and small molecule drugs.

In one aspect, the invention provides a sustained release pharmaccutical
fornulation. The formulation comprises a  therapeutic agent for  systemic

15 administration, where the therapeutic agent comprises an active agent and an amino
acid sequence capable of forming a reversible matrix at the body temperatore of a
subject. The reversible matrix is formed from hydrogen bonds {e.g., intra- and/or
intermolecular hydrogen bounds) as well as from hydrophobic contributions. The
formulation further comprises one or more pharmaceutically acceptable excipients

2 and/or diluents inducing the formation of the mairix opon administration. The matrix
provides for a slow absorption to the circulation from an injection site. The sustaived
velease, or slow absorption from the injection site, is due to a slow reversal of the
matrix as the concentration dissipates at the injection site. Unce product moves into the
circulation, the formulation confers long half-life and improved stability. Thus, a

25 umique combination of slow absorption and long half-life s achieved leading to a

desirable PK profile with a shallow peak to trough ratio and/or long Tmax.

in certain embodiments, the amino acid sequence 1s an Elastin-Like-Protein
{ELP) sequence. The ELP sequence comprises or consists of structural peptide units or

sequences that are related to, or mimics of, the clastin protein. The amino acid

i
<>

sequence may exhibit a visible and reversible inverse phase transition with the selected
formulation. That is, the amino acid sequence may be structurally disordered and

highly soluble in the formulation below a transition temperature (Tt), but exhibit a

]
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sharp (2-3°C range) disorder-to-grder phase transition when the temperature of the
formulation is raised above the Tt In addition to temperature, length of the amino acid
polymer, aminoe acid composition, ionic strength, pH, pressure, selected solvents,
presence of organic solutes, temperature, and protein concentration may also affect the
S5 transition properties, and these may be tailored for the desired absorption profile. Other
exemplary sequences or structures for the amino acid sequence forming the mainix are

disclosed herein.

Io various cmbodiments, the active agent for systemic admivistration is a

protein or peptide, which may have a short circulatory half-life, such as from about 30

10 seconds to about T hour, to about 2 hours, or to about 5 hours. In some embodiments,
the protein or peptide has a circulatory half-life of from 30 seconds to about 10 houss.

The therapeutic agent may be a recombinant fusion protein between the protein active
agent and the amino acid sequence capable of forming the matrix. Exemplary peptide
active agenis include GLP-1 receptor agounists {e.g., GLP-1 or derivative thereof),

15 glucagon roceptor agonists {e.g. glucagon, oxyntomodulin or derivatives thereof),
VPAC? selective agonists {e.g. vasoactive intestinal peptide (VIP) or a derivative
thereof), GIP receptor agonists (e.g. glucose-dependent insulinotropic peptide (GIP) or

a derivative thereot) or insulin or a derivative thereof. Alternatively, the protein active
agent is a clotting factor, such as Factor VII, Factor VUL, or Factor IX. Other protein

20 and small molecule drugs for delivery in accordance with the tnvention are disclosed
herein. By providing a slow absorption from the injection site, renal clearance and

degradation can be controlled thereby achicving the desivred PK profile.

In another aspect, the invention provides a method for delivering a sustained

release regimen of an active agent.  The mothod comprises administering the

Q]
h

formulation described herein to a subject in need, wherein the formulation i
administered from abowut 1 to about 8 times per month. In some embodiments, the
formulation is administered about weekly, and may be administered subcutancously o1
mitramuscularly (for example). In some embodiments, the site of administration is not a
pathological site, that is, the therapeutic agent is not administered directly to the

30  intended site of action.
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DESCRIPTION OF THE DRAWINGS
Figure T shows the phase transition (as shown by an increase in turbidity) of an
ELPY protein, mduced by a change in temperature to 37°C or above. This property

provides for a slow absorption from an injection site.

(4]

Figure 2 shows the phase transition (as shown by an increase in turbidity) of an
ELP4 protein, induced by a change in temperature to 25°C or above. This property

provides for a depot-like delivery.,

Figure 3 illustrates, without wishing to be bound by theory, a potential
mechanism for the observed transition, in which a water shell is excluded under certain

13 conditions, allowing for hydrogen bonds to form.

=1
i
i

Figure 4 shows that the ELP4 series transitions at 37°C at a protein
concentration of less than about 0.0 mg/mi, allowing for sustained release

formulations of low protein concentration, for example, at the injection site.

Figure 3 shows that the ELP1 series transitions at just below 37°C at relatively
15 high protein concentration of about 10 mg/ml or more, allowing for sustained release

formulations with relatively high amouunts of active agents,

Figure 6 shows a summary of pharmacokinetic parameters for Glp-V/ELPI-120
{also referred to herein as PB1023 or Glymera) after SC administration of 0.3, 0.6, 0.9

and 1.35 mg/kg to adult subjects with type 2 diabetes mellitus.

o
o

Figare 7 shows the mean serum concentrations of Glp-1/ELPI-120 (also
referred to herein as PB1023 or Glymera) after s.c. administration on day 0 of (1.3, 0.6,
0.9 and 1.35 mg/kg to adult subjects with type 2 diabetes mellitus {semi-logarithmic

BRES ).

Figure 8 shows the type 2 diabetes mellitus: Glymera program overview

[yl
"

pharmacokinetics crossover study. Mean serum concentrations of Glymera following
s.c. adminstration of 90 mg as 50 mg/mL and 100 mg/mL formulations to adalt

subjects with type 2diabetes melitus are shown (semi-logarithmic axes).

4
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Figore 9 shows a summary of pharmacokinetic parameters for Glymera afier
s.c. administration of 90 mg as 50 mg/mb and 100 mg/mi. formulations to aduit

subjects with type 2 diabetes mellitus.

DETAILED DESCRIPTION

The present invention provides pharmaceutical formulations for sustained
release, and methods for delivering a treatment regimen with the sustained release
formulations. The invention thereby provides improved pharmacokinetics for peptide
and small molecule drugs, including a relatively flat PX profile with a low ratio of peak
to trough, and/or a long Toax. The PK profile can be maintained with a relatively
mfrequent administration schedule, such as from one to eight injections per month in

some embodiments.

In one aspect, the mvention provides a sustained release pharmaceutical
formulation. The formulation comprises 2 therapeutic agent for systemic
adroinistration, where the therapeutic agent comprises an active agent and an amwino
acid sequence capable of forming a matrix at the body temperature of a subject. The
reversible matrix is formed from hydrogen bonds (eg., intra- and/or intermolecular
hydrogen bonds) as well as from hydrophobic coniributions. The formulation further
comprises oue ot more pharmaceutically accoptable excipionts and/or diluents inducing
the formation of the matrix upon administration. The matrix provides for a slow
absorption to the circulation from an injection site, and without being bound by theory,
this slow absorption is due to the slow reversal of the matrix as protein concendration
decreases at the ingection site. The slow absorption profile provides for a flat PK
profile, as well as convenient and comfortable administration regimen. For example, in
various embodiments, the plasma concentration of the active agent over the course of
days (e.g., from 2 to about 60 days, or from about 4 to about 30 days) does not change
by more than a factor of 10, or by more than a factor of sbout S, or by more than a
factor of about 3. Generally, this {lat PK profile is seen over a plorality of
{(substantiaily evenly spaced) administrations, such as atf least 2, at least about 5, or at
feast about 10 adounistrations of the formulation. In some embodiments, the slow
absorption is exhibited by a Tmax (time to maximum plasma concentration) of greater
than about 5 hours, greater than abowt 10 hours, greater than about 20 hours, greater

than about 30 hours, or greater than about 50 hours.

wh

PCT/US2012/052304
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The sustained release, or slow absorption from the injection site, is controlled
by the aminc acid sequence capable of forming a hydrogen-bonded matrix at the body

temperature of the subject, as well as the componerds of the foroulation.

In some cmbodiments, the amino acid sequence contains structural units that

"

form hydrogen-bonds through protein backbone groups and/or side chain groups, and
which may contribute hydrophobic interactions to matrix formation. In some
embodiments, the amine acids side chains do not contain hydrogen bond donor groups,
with hydrogen bounds being formed substantially through the protein backbone,
Exemplary amine acids include proline, alanine, valine, glycine, and isoleucine, and
10 similar amine acids. In some embodiments, the stmuctural units are substantially
repeating structural units, so as to create a substantially repeating structural motif, and
substantially repeating hydrogen-bonding capability. In these and other embodiments,
the amino acid sequence contains at least 10%, at least 20%, at least 40%, or at least
50% proline, which may be positioned in a substantially repeating patiern.  In this
15 context, a substantially repeating paticrn means that at least 50% or at least 75% of the
proline resichies of the amino acid sequence are part of a definable structural unit, In
still other embodiments, the amino acid sequence contains amino acids with hydrogen-
bond donor side chaims, such as serine, threomine, and/or tyrosine. In some
embodiments, the ropeating sequence may contain from one o about four proline
20 residues, with remaining residues independently selected from non-polar residacs, such
as glycing, alanine, leucine, isoleucine, and valine. Non-polar or hydrophobic residues

may contribute hydrophobic interactions to the formation of the matrix.

The amino acid sequences may form a “gel-like” state upon injection at a
V =

temperature higher than the storage temaperature.  Exemplary sequences have repeating

Q]
h

peptide units, and/or may be relatively unstructured at the lower temperature, and

achieve a hydrogen-bonded, structured, state at the higher temperature.

In some embodiments, the amino acid sequence capable of forming the matrix

at body temperature is a peptide having repeating units of from four to ten amino acids.

The repeating unit may form one, two, or three hydrogen bonds in the formation of the

30 matrix.  In certain embodiments, the amino acid sequence capable of forming the

matrix at body temperatore is an amino acid sequence of silk, elastin, collagen, or

S
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keratin, or mimic thereof, or an aminoc acid sequence disclosed in U.S, Patent

6,355,776, which is hereby incorporated by reference.

In certain embodiments, the amino acid sequence is an Elastin-Like-Protein
(ELP) sequence. The ELP sequence comprises or consists of structural peptide units or
sequences that are related to, or mimics of, the elastin protein. The ELP sequence is
constructed from structural units of from three to about twenty aming acids, or in some
embodiments, from four to ton amino acids, such as four, five or six amino acids. The
length of the individual structural units may vary or may be uniform. Exemplary
structural units include units defined by SEQ ID NOS: 1-12 (below), which may be
employed as repeating stractoral units, inclading tanden-repeating units, or may be
employed in some combination. Thus, the ELP may comprise or consist essentially of

structural unit{s) sclected froma SEQ 1D NOS: 1-12, as defined below,

o some embodiments, jncluding embodiments in which the stractural units are
ELP units, the amino acid sequence comprises or consists essentially of from about 10
to about 300 structoral units, or in certain embodiments about 50 to about 200 structural
units, ot in certain embodiments from about 80 to about 200 structural units, or from
about 80 to about 150 structural units, such as one or a combination of units defined by
SEQ ID NOS: 1-12. Thus, the structural umits collectively may have a length of from
about 50 to about 2000 amino acid residues, or from sbout 100 to about 800 aming acid
residues, or from about 200 to about 700 amino acid residues, or from about 400 to

about 600 amino acid residues.

The amino acid sequence may cxhibit a visibie and reversible inverse phase
transition with the selected formulation. That is, the amino acid sequence may be
structurally disordered and highly sohible i the formulation below a tramsition
temperature (T1), but exhibit 2 sharp (2-3°C range) disorder-to-order phase transition
when the temperature of the formulation is raised sbove the Tt In addition to
temperature, length of the amino acid polymer, amino acid composition, ionic strength,
pH, pressure, temperature, selected solvents, presence of organic solutes, and protein
concentration may also affect the transition propertics, and these may be tailored in the
formulation for the desired absorption profile.  Absorption profile ¢an be ecasily tested

by determining plasma concentration or activity of the active agent over time.

PCT/US2012/052304
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In certain embodiments, the ELP component(s) may be formed of structural

onits, inchuding but not limited to:
(a) the tetrapeptide Val-Pro-Gly-Gly, or VPGG (SEQ 1D NO: 1);
(b} the tetrapeptide Hie-Pro-Gly-Gly, or IPGG (SEQ ID NG: 2);

5 {¢) the pentapeptide Val-Pro-Gly-X-Gly (SEQ 1D NG: 3), or VPGXG,
where X is any natural or non-natural amino acid residue, and where X

optionally varies among polymeric or oligomeric repeats;
{d) the pentapeptide Ala-Val-Gly-Val-Pro, or AVGVP (SEQ 1D NO: 4);

(g) the pentapeptide le-Pro-Gly-X-Gly, or IPGXG (SEQ ID NO: §),
10 where X is any natural or non-natural amino acid residue, and where X

optionally varies among polymeric or oligomeric repeats;
{¢) the pentapeptide He-Pro-Gly-Val-Gly, or IPGVG (SEQ 1D NO: 63

(f) the pentapeptide Leu-Pro-Gly-X-Gly, or LPGXG (8EQ ID NO: 7),
where X s any vatural or non-natural amino acid residue, and where

15 X optionally varies among polymeric or oligomeric repeats;
{g} the pentapeptide Leu-Pro-Gly-Val-Gly, or LPGVG (SEQ ID NO: R);

(h) the hexapeptide Val-Ala-Pro-Gly-Val-Gly, or VAPGVG (SEQ 1D
NO:9);

(i) the octapeptide Gly-Val-Gly-Val-Pro-Gly-Val-Gly, or GVOGVPGVG
20 (SEQ ID NG: 10);

iy the mnonapeptide Val-Pro-Gly-Phe-Gly-Val-Gly-Ala-Gly, or
VPGFGVGAG (SEQ ID NG: 11); and

(k} the nonapeptides Val-Pro-Gly-Val-Gly-Val-Pro-Gly-Gly, or
VPGVGOVPGG (SEQ ID NOG: 12).

25 Such stroctaral units defined by SEQ ID NOS:1-12 may form siructural repeat

umnits, or may be used in combination to form an ELP. In some embodiments, the ELP
8
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component is formed entirely (or almost entirely) of one or 3 combination of (e.g., 2, 3
ot 4) structural units selected from SEQ ID NOS: 1-12. In other embodiments, at least
75%, or at least 80%, or at least 90% of the ELP component s formed from one or &
combination of structural units selected from SEQ 1D NOS: 1-12, and which may be

present as repeating units.

In certain embodiments, the ELP contains repeat units, incloding tandem
repeating ouits, of Val-Pro-Gly-X-Gly (SEQ 1D NG: 3}, where X is as defined above,
and where the percentage of Val-Pro-Gly-X-Gly (SEQ I3 NO: 3) units taken with
vespect to the entire ELP component (which may comprise structaral units other than

/PGXG (SEQ ID NQO: 3)} is greater than about 50%, or greater than about 75%, or
greater than about 85%, or greater than about 95% of the ELP. The ELP may contain
motifs of 5 to 15 structural units {e.g. about 16 structural units) of SEQ 1D NO: 3, with
the guest residue X varying among at least 2 or at least 3 of the units in the motif. The
guest residues may be independently sclected, such as from non-polar or hydrophobic
residues, such as the amino acids V, 1, L, A, G, and W {(and may be sclected so as to

retain a desired inverse phase transition property).

In some embodiments, the ELF may form a P-turn structure.  Exemplary
peptide sequences suttable for creating a P-turn structure are described in International
Patent Apphication PCT/US96/05146, which is hereby incorporated by reference in its
entirety.  For exanple, the fourth residue (X)) in the sequence VPGXG (SEQ ID NO:

3), can be altered without chminating the formation of a B-tum,

The structure of cxemplary ELPs may be described using the notation ELPk
[XiYj-n], where k designates a particular ELP repeat unit, the bracketed capital letters
are single letter aming acid codes and their corresponding subscripts designate the
relative ratic of cach guest residue X in the structural units (where applicable}, and n
describes the total length of the ELP in number of the structural repeats. For example,
ELPI [VSA2G3-10] designates an ELP component containing 10 repeating units of the
pentapeptide VPGXG (SEQ 1D NO: 33, where X is valine, alanine, and glycine at a
relative ratio of about 5:2:3; BLP1 [KIV2F1-4] designates an ELP compouent
containing 4 vepeating units of the pentapeptide VPGXG (SEQ ID NO: 3), where X is

lvsine, valine, and phenylalanine at a relative ratio of about 1:2:1; ELPI [KIV7F1-9]

9

PCT/US2012/052304
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designates a polypeptide contaiming 9 repeating units of the pentapeptide VPGXG
(SEQ ID NO: 33, where X is lysine, valine, and phenylalanine at a relative ratio of
about 1:7:1; ELP1 {V-5] designates a polypeptide containing 5 repeating units of the
pentapeptide VPGXG (SEQ ID NG:3), where X is valine; ELPY [V-20] designates a
5 polypeptide containing 2{ repeating units of the pentapeptide VPGXG (SEQ ID NO:
3), where X is valine; ELPZ {5] designates a polypeptide containing 5 repeating units of
the pentapeptide AVGVP (SEQ 1D NO: 4); ELP3 [V-5] designates a polypeptide
containing S repeating units of the pentapeptide IPGXG (SEQ 1D NO: 5), where X is
valing; ELP4 [V-5] designates a polypeptide containing 5 repeating units of the

10 perdapeptide LPGXG (SEQ D NO: 7, where X is valine.

With respect to ELP, the Tt is a function of the hydrophobicity of the guest
residue. Thus, by varying the identity of the guest residue(s) and their mole fraction(s),
EELPs can be synthesized that exhibit an inverse transition over a broad range. Thus,
the Tt at a given ELP length may be decreased by incorporating a larger fraction of

15 bydrophobic guest residucs in the ELP sequence. Examples of suitable hydrophobic
guest residues mclude valine, leucine, isoleucine, phenvialanine, tryptophan and
methioning.  Tyrosine, which s mederately hydrophobie, may also be used.
Conversely, the Tt may be increased by incorporating residues, such as those selected
from: ghutamic acid, cysteine, fysine, aspartate, alanine, asparagine, serine, threonine,

20 glycine, arginine, and glutamine.

For polypeptides having a molecular weight > 100,000, the hydrophobicity
scale disclosed in PCT/US96/05186 (which is hereby incorporated by reference in its
entirety) provides one means for predicting the approximate Tt of a specific ELP

sequence.  For polypeptides having a molecular weight <100,000, the Tt may be

Q]
h

predicted or determined by the following quadratic function: Tt = MO + MIX + M2X2
where X is the MW of the fusion protein, and MO = 116.21; M1 = -1,7499; M2 =
0.010349.

The ELP in some embodimenis is selected or designed to provide a Tt ranging
from about 10 to about 37°C at formulation conditions, such as from about 20 to about

3¢ 37°C, or from about 25 to about 37°C. In some embodiments, the transition

10
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temperature at physiological conditions (e.g., 0.9% saline) is from about 34 0 36°C, 1o

take into account a slightly lower peripheral temperature.

In certain embodiments, the aming acid sequence capable of forming the

hydrogen-bonded matrix at body temperature comprises [VPGXGlgo, where cach X is

"

selected from V, G, and A, and wherein the ratio of V:(::A may be about 5:3:2. For
example, the amino acid sequence capable of forming the hydrogen-bonded matrix at
body temperature may comprise [VPGX Gz, where each X is selected from V, G, and
A, and wherein the ratio of ViGiA may be about 5:3:2. As shown herein, 120 structural
units of this ELP can provide a transition temperature at about 37°C with about 5 to 15
10 mg/ml{eyg., about 10 mg/ml) of protein. At concentrations of about 50 to about 160
mg/ml the phase transition temperature is about 35.5 degrees centigrade (just below
body temperature), which allows for peripheral body temperature to be just less than

37°C.

Alternatively, the amino acid sequence capable of forming the matrix at body
temperature comprises [VPGVGlgg, or [VPGVGli. As shown herein, 120 structural
units of this ELP can provide a transition temperatore at about 37°C with about 0.005 to

about 0.05 mg/ml {e.g., about 0.01 mg/od) of protein.

Elastin-like-peptide (ELP) protein polymers and recombinant fusion proteins
can be prepared as described in U.S. Patent Publication No. 2010/0022455, which is

20 hereby incorporaied by reference.

In other embodiments, the amino acid sequence capable of forming the matrix
at body temperature may include a random coil or non-globular extended structure. For
example, the amino acid sequence capable of forming the matrix at body temperatore
may comprise an amino acid sequence disclosed in U.S. Patent Publication No.

200R/0286808, WIP( Patent Publication No. 2008/155134, and U.S. Patent Publication

o
()

WNeo. 2011/0123487, cach of which is hereby incorporated by reference.

For example, in some embodiments the amino acid sequence comprises an
onstructured recombinant polymer of at least 40 amino acids. For example, the
unstructured polymer may be defined where the sum of glycine (G), aspartate (D),

30 alanine (A), serine (S), threonine (T), ghitamate (E) and proline (P) residues contained

i1
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in the wnstructured polymer, constitutes more than about 80% of the total aming acids.
In some embodiments, at lgast 50% of the amino acids arc devoid of sccondary
structure as determined by the Chou-Fasmen algorithm. The vnstructured polymer may
comprise more than about 100, 150, 200 or more contiguous amino acids. In some
embodiments, the amine acid sequence forms a random coil domain. In particular, a
polypeptide or amino acid polymer having or forming “random coil conformation”

substantially lacks a defined secondary and tertiary structure.

Io various embodiments, the infended subject is human, and the body
temperature 18 about 37°C, and thus the therapeutic agent is designed o provide a
sustained release at this temperature. A slow release into the circulation with reversal
of hydrogen bonding and/or hydrophobic interactions is driven by a drop in
concentration as the product diffuses at the injection site, cven though body
temperature remains constant.  In other embodiments, the subject is a non-hymman
mannal, and the therapeutic agent is designed to exhibit a sustained release at the body
temperature of the mavwmal, which may be from about 30 to about 40°C in some
embodiments, such as for certain domesticated pets {e.g., dog or cat) or hvestock {2z,
cow, horse, sheep, or pig). Generally, the Tt is higher than the storage conditions of the
formulation (which may be from 10 to about 25°C, or from 15 to 22°C), such that the

therapeutic agent remains in solution for injection.

4

The therapeutic agent is geverally for “systemic delivery,” meardong that the
agent is not dehivered locally to a pathological site or a site of action. Tnstead, the agent
is absorbed into the bloodstream from the imjection site, where the agent acts

systemically o1 is transported to a site of action via the circulation,

In various embodiments, the active agent is a protein or peptide, which may
have a short circulatory half-life, such as from about 30 scconds to about 1 howr. The
therapeutic agent may be a recombinant fusion protein between the protein active agent
and the aming acid sequence capable of forming the hydrogen-bonded matrix at the
body temperature of the subject. Exemplary peptide active agents inchide GIP receptor
agonists such as glucose-dependent fnsulivotropic peptide (GIP) or a derivative thereof.
Further exemplary peptide active agents include GLP1 receptor agonists such as GLP-1

or derivative thereof (including GLP1 7-36 or GLPI 7-37), or exendin or derivative

12
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therecof. In other embodiments, the protein or peptide agent is a glucagon receptor
agonist (incleding glocagon, oxyntomodulin or a derivative thereof). In some
embodiments, the GLP-1 roceptor agouist is a dual agonist baving an amino acid
sequence described in US 2011/0257092, which is hereby mncorporated by reference in
its entirety. Other dual or multi recepior agonists are described in US 201 1/016602 and
US 2010/00190701, each of which is hereby incorporated by refercnce, in particular
with regard to the structures and sequences of GLP-1 receptor co-agonists described
therein. Additional descriptions of GLP-1 receptor co-agonists can be foond in Pocai A
ef af., Glucagoun-Like Peptide 1/Glucagon Receptor Dual Agonism Reverses Obesity in
Mice, Diabetes 58:2258-2266 (2009) and Patterson JT, ef al., Functional association of
the N-terminal residues with the central region in glucagon-related peptides, J. Pept.
Sci. 17:659-666 (2011), each of which are hereby incorporated by reference in their
entirety. 1n another embodiment, the invention provides for a co-formulation of any
two of a GLPY receptor agouist, a glucagon receptor agomist, and a GIP receptor
agonist.  In other embodiments, the protein or peptide agent is a VPAC2Z selective
agonist, such as wvasocactive intestinal peptide (VIP) or a derivative thereof
Ahernatively, the protein active agent is a clotting factor, such as Factor VI, Factor
VI, or Factor IX, or in other embodiments is insulin {e.g., single chain insulin or an A
chain or a B chain fusion protein, as described in U.S. Provisional Application No.
61/563,985, which is hereby incorporated by reference} or a mounoclonal antibody or
single chain antibody. Alternatively, the active agent is as described in U.S. Patent
Pablication No. 2(11/0123487, which is hereby incorporated by reference. Exemplary
therapeutic agents in accordance with the invention include GLP-1 (A8G,7-37) ELP1-
120 (reforred to herein as PB1023) or GLP-1 (ARG,7-37) ELP4-120 (PB1046). By
providing a slow absorption from the injection site, renal clearance and degradation can

be controlied, thereby achieving the desired pK profile.

In various embodiments, the invention encompasses doses and/or regimens such
as those that do not indace substantial appetite suppression in a patient and/or those that
do mot induce substantial pausca in the patient, such as those described in

PCTAIS12/44383, which is hereby incorporated by reference.

In other embodiments, the therapeutic agent is a chemical conjugate between
the active agent and the amino acid sequence capable of forming the matrix at the body

13

PCT/US2012/052304



WO 2013/028989 PCT/US2012/052304

temperature of the subject. For example, the active agent may be a chemotherapeutic
agent, such as a chemotherapeutic agent selected from methotrexate, davnomycin,
mdtomycin,  cisplatin,  vineristing, epirubicin, fluorouracil, seraparil,
cyclophosphamide, cytosine arabinoside, aminopterin, bleomycin, mitomyein C,
S democolcine, ctoposide, mithramycin, chlorambuct, melphalan, daunorobicin,
doxorubicin, tamoxifen, paclitaxel, visblastine, camptothecin, activomycin D,
cytarabine, and combrestatine  Alternatively, the agent may be an inuvunogenic
molecule, or an immoenomodulator, or an anti-inflammatory agent, such as an agent
described in U.S. Patent Publication No. 2009/0004104, which is hercby incorporated
10 by reference in ifs entirety.  Also, the agent may be an opioid molecule, such as, for
example oxycodone, morphine, or codeme such as described in LS. Provisional
Application No. 61/597,898, which is hereby incorporated by reference. The chemical
conjugate may be through a cleavable linker, for which mumerous types are known in
the art. See U.S. Patent No. 6,328,996, which is herchy incorporated by reference iu its

15 entirety.

The formulation comprises one or more pharmaceutically acceptable excipients
and/or diluents inducing the formation of the matrix upon administration. For example,
such cxcipients inclode salts, and other excipients that may act to stabilize hydrogen
bonding. Exemplary salts include alkaline carth metal salts such as sodium, potassium,

20 and calcium. Counter ions inchide chloride and phosphate. Exemplary salts inclade
sodium chioride, potassium chloride, magnesium chioride, calcium chloride, and

potassium phosphate.

The protein conceniration in the formulation is tailored to drive, along with the

excipients, the formation of the matrix at the temperature of administration. For

Q]
h

example, higher protein concentrations help drive the formation of the matrix, and the
protein concentration needed for this purpose varies depending on the ELP series used.
For example, in cmbodiments using an ELP1-120, or aminc acid sequences with
comparable transition temperatures, the protein is present i the range of about 1
mg/mL to about 200 mg/mL, or is present in the range of about S mg/mb to about 125
30 mg/ml. The therapeutic agent may be present in the range of about 10 mg/ml. to about
50 mg/ml., or about 15 mg/ml. to about 30 mg/mb. Iv embodiments using an BELP4-
120, or amino acid sequences with comparable transition temperatures, the protein is

14
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present in the range of about (L.005 mg/mL to about 10 mg/mL, or is present in the

range of about 0.01 mg/mL to about 5 mg/mlL.

The therapeutic agent is formulated at a pH, ionic strength, and generally with

excipients sufficient to drive the formation of the matrix at body temperature {e.g.,

"

37°C, or at from 34 to 36°C in some embodiments). The therapeutic agent is generally
prepared such that it does not form the matrix at storage conditions. Storage conditions
arc gencrally less than the transition temperature of the formulation, such as less than
about 32°C, or less than about 30°C, or less than about 27°C, or less than about 25°C, or
less than about 20°C, or less than about 15°C. For example, the formulation may be
10 isotonic with biood or have an ionic strength that mimics physiclogical conditions. For

examaple, the formulation may have an ionic strongth of at least that of 25 mM Sodivm

Chioride, or at least that of 30 mM Sodium chloride, or at least that of 40 mM Sodium

Chioride, or at least that of 50 mM Sodium Chioride, or at least that of 75 mM Sodium

Chioride, or at least that of 100 mxM Sodium Chloride, or at least that of 150 mM
15 Sodium Chloride. In certain embodiments, the formulation has an ionic strength less
than that of 0.9% saline. In some embodiments, the foronilation comprises two or more
of calcium chlonide, magnesium chloride, potassiimm chloride, potassium phosphate
monobasic, sodium chioride, and sodiumm phosphate dibasic. The liquid formulation
may comprise the components listed in Table 4, Table 5, or Table 6, and can be stored

20 refrigerated or at room temperatare.

The formulation can be packaged i the form of pre-dosed pens or syringes for
administration once per week, twice per week, or from one to eight times per month, or

alternatively filled in conventional vial and the like.

In exemplary embodiments, the invention provides a sustained releasc

N
(o]

pharmaceutical formulation that comprises a therapeutic agent, the therapeutic agent
{e.g., a peptide or protein therapeutic agent) comprising an active agent and an amino
acid sequence comprising [VPGXGlgg, or [VPGX G2, where cach X is selected from
V., G,and A, V, G, and A may be present at a ratio of about §:3:2. Alternatively, the
amino acid sequence comprises [VPGVGI90 or [VPGV(G]120. The formulation further
30 comprises one or more pharmaceutically acceptable excipients and/or diluents for

formation of a reversible matrix from an aqueous form upon administration to a human

-
(4]
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subject. The active agent in certain embodiments 15 GLP-1 or derivative thereof (e.g.,
GLP-1, A8G, 7-37), or vasoactive intestinal peptide (VIP) o1 a derivative thereof (eg.,
baving an N-termyinal moicty such as a Methionine), or oxyntemodulin of a derivative
thereof, or insulin or a dertvative thereof. GLP-1 and derivatives thercof are disclosed
S i US. Patent Publication No. 2011/0123487, which is hereby incorporated by
reference.  VIP and derivatives thereof are disclosed in U.S. Patent Publication No.
2011/0178017, which is herchy incorporated by reference. Iosulin and derivatives
thercof are described in U.S. Provisional Application No, 61/563,985, which is herehy

incorporated by reference

10 In these embodiments, the therapeutic agent may be present in the range of
about 0.5 mg/ml to about 200 mg/ml, or is present in the range of about 5 mg/ml to
about 125 mg/ml.. The therapeutic agent is present in the range of about 10 mg/ml. 1o
about 50 mg/mL, or the range of about 15 mg/mL to about 30 mg/mL. The formulation
may have an ionic strength of at least that of 25 mM Sodimm Chloride, or at feast that

15 of 30 mM sodium Chloride, or at least that of 40 mM Sodium Chloride, or at that least
that of 50 miM Sodium Chloride, or at least that of 75 mM Sodivm Chloride, or at least
that of 100 mM Sodium Chioride. The formulation may have an ionic strength less
than that of about .9% saline. The formulation comprises two or more of caleium
chloride, magnesium chloride, potassium chlotide, potassium phosphate mounobasic,

20 sodium chioride, and sodivim phosphate dibasic. The formulation may comprise the

components Hsted in Table 4, Table 8, or Table 6.

Other formuilation components for achieving the desired stability, for example,
may also be employed. Such components include one or more amino acids or sugar

alcohol {e.g., manunitol), prescrvatives, and buffering agents, and such fngredients are

Q]
h

well known i the art

in another aspect, the invention provides a method for delivering a sustained

release regimen of an active agent. The method comprises administering the
formulation described herein to a subject in need, wherein the formwulation is
adounistered from about 1 to about § times per month. For example, the active agent

30 may be GLP-1 or an analog thereof, and is administered in a method described in ULS.

Patent Application No. 13/534,836, which is hereby incorporated by reference. For

16
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example, the therapeutic agent may be GLP-1 7-36 or 7-37, alternatively having Gly at
position &, fused to ELPI (e.g., having from about 90 to about 150 ELP units). The
GLP-1 fusion may be used for the treatment of diabetes (type 1 or 23, metabelic
disease, or obesity, for example, by adnunistering to a patient in need. Alternatively,
the active agent is VIP or an analog thereof, and is administered in a method described
i U.S, Patent Publication No. Z011/0178017, which is hercby incorporated by
reference. The VIP may have an additional moiety such as Methionine at the N-
terminus to alter the receptor binding profile, as also described in U.S. Patent
Publication No. 2011/0178017, which description is hereby incorporated by reference.
The VIP may be fused to ELP] (having from about 90 to about 150 ELP units). The
VIP active agent finds use in a method of treating a condition sclected from
uncontrolled or resistant hypertension, or publmonary arterial hypertension (PAH), and

chronic obstructive pulmonary disease {COPD), among others.

In some cmbodiments, the formulation is administered about weekly, and may
be administered subcutaneously or intramwusculardy. In some emsbodiments, the site of

administration is not a pathological site, for example, is not the intended site of action.

In various embodiments, the plasma concentration of the active agent does not
change by more than a factor of 10, or a factor of about 5, or a factor of about 3 over
the course of a plurality of administrations, such as at least 2, at least about 5, or at least
about 10 administrations of the formulation. The administrations arc substantially
evenly spaced, such as, for example, about daily, or about once per week, or from one

to about five times per month,

In certain embodiments, the subject 1s a human, but in other embodiments may
be a nopn-huoman mammal, such as a domesticated pet (e.g., dog or cat}, or hivestock or

farm animal {e.g., hotse, cow, sheep, or pig).

EXAMPLES

The phase transition property exhibited by cerlain amino acid sequences is
illustrated in Figure 1 (for ELP1) and Figure 2 (for ELP4). Phasc transition can be
observed as an fncrease in turbidity. Figure 3 ilustrates, without wishing to be bound

by theory, a potential mechanism for phase transition, driven by exclusion of a water
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shell and formation of hydrogen bonds at a temperature above the phase transition

temperature for a given concentration.

Figure 4 shows that the ELP4 series (about 120 stroctural units) transitions at
37°C at a protein concendration of less than about 0.01 mg/ml., allowing for sustained
release formulations of low protein concentration. At higher concentrations the
sustained release will be sufficiently slow to provide a depot like formulation. Figure
5 shows that the ELP1 serics transitions between 35 and 37°C at relatively high protein
concentration of about 10 mg/ml. to about 100 rag/mi., or more, allowing for sustained

velease formulations with relatively high amounts of active agents.

Various formulations were propared for PB1023 (GLP-1, ARG, 7-37, ELP1-120)
and PBI46 (GLP-1, ABG,7-37, ELP4-120), at varying protein concentrations and

tonic strength, Transition induced by 37°C water bath was tested.

Table 1 shows determination of phase transition for formulations of PBI023
and PB1046, varied by protein concentration snd ionic strength.  As shown,
formulations of at least 50 mg/ml. PB1023 and with an ionic strength of at least that of
10 mM His and 58 mM NaCl, fransitioned at 37°C (with an approximate transition
temperature of 35.5°C). A formulation of 25 mg/mb of PBI023 and an ionic strength
of about normal saline also transitioned at 37°C. Forrulations even as low as 1 mg/ml

of PR 1046 and having an ionic strength similar to normal saline transitioned at 37°C.

As shown in Table 2, Forrmoulations of 25 mg/md PB1023 in ctther: normal
saline, DPBS, or 1x phosphate buffered saline, were sufficient to generate the desired

transition property. Water alone did not support the desired transition property.

As shown in Table 3, a formulation of 25 mg/ml PB1023 transitions at 37°C

with an ionic strength eqoal to 56 mM NaCl

Table 4, Table &, and Table 6 show some buffer formulations in accordance

with certain embodiments of the invention.

Figure & shows a sumnmary of pharmacckinetic parameters for GLP-/ELPI-
120 (also referred to herein as PB1023 or Glymera) after SC administration of 0.3, 0.6,

0.9 and 1.35 mg/kg to adult subjects with type 2 diabetes mellitus.
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Figore 7 shows the mean serum concentrations of GEP-1/ELP1-120 (also
referred to herein as PB1023 or Glymera) after s.c. administration on day 0 of (1.3, 0.6,
0.9 and 1.35 mg/kg to adult subjects with type 2 diabetes mellitus {semi-logarithmic

BXES ).

Figore 8 shows a type 2 diabetes mellitus: Glymera program overview
pharmacokinetios crossover study. Mean senmm concentrations of Glymera following
s.c. administration of 90 mg as 50 mg/mb and 100 mg/mi formulations to adult
subjects with type 2diabetes mellitus are shown (semi-logarithmic axes). It is noted
that that the time courses for mean serum distribution for the 50 mg/ml and 100
mg/mL are nearly equivalent on the whole, except that the 100 mg/mi dose bursts inio
the blood stream slower than the 50 mg/mL dose (ie the 100 mg/ml data set has a

siower rate of rise).

Figure % shows a summary of pharmacokinetic parameters for ELP1-120 (also
referred to herein as PB1023 or Glymera) after s.c. administration of 90 mg as 50

mg/mL and 100 mg/mL formulations to adult subjects with type 2 diabetes mellitus.
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CLAIMS

What is clatmed is:

2

(o

4

0.

A sustained release pharmaceutical fornulation comprising:

a therapeutic agent for systemic administration, the therapeutic agent coruprising an
active agent and an amino acid sequence capable of forming a reversible matrix at the
body temperature of a subject, the reversible matrix formed of hydrogen bonds and/or
hydrophobic interactions, and

onc or more pharmaceutically acceptable cxcipients and/or diluents inducing the

formation of the matrix upon administration.

The pharmacentical formulation of claim 1, wherein the formulation provides slow

absorption from an injection site upon administration,

The pharmaceuntical formulation of claimn 2, wherein the formulation provides a flat PK
profile upon administration, as compared to the PK profile for the active agent in the absence

of the amino acid sequence forming a reversible matrix.

The pharmaceutical formulation of claim 3, wherein the PK profile has a shallow Cmax
p ; ¥

and/or low ratio of peak to trough and/or long Tmax.

The pharmaceutical formuilation of any one of claims 1 to 4, wherein the formation of the

matrix reverses as protein concentration decreases.

The pharmaceutical formulation of any one of claims 1 to 5, wherein the amino acid
sequence capable of forming the matrix at or around body temperature is a repeating peptide

sequence having repeating units of from four to ton amino acids.

The pharmaceutical formulation of claim 6, wherein the repeating unit forms one, two, or

three hydrogen bonds in the formation of the matrix.



=
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The pharmaceutical formulation of claim 6, wherein the amino acid sequence capable of
forming the matrix at body temperature is an amino acid sequence of silk, elastin, collagen,

or keratin, or mimic thereof.

The pharmaccutical formulation of any one of claims ! to 6, whercin the amino acid
sequence capable of forming the matrix at body temperature comyprises [VPGXGlog, where

cach X is selected from V, G, and A, and wherein the ratio of V:G:A may be about 5:3:2.

. The pharmaceutical fornulation of claim 9, wherein the amino acid sequence capable of
forming the matrix at body temperature comprises [VPGX Gy, where cach X is sclected

from V, G, and A, and wherein the ratio of V:G:A may be about 5:3:2.

. The pharmaceutical formulation of any one of claims 1 to 6, wherein the amino acid

sequence capable of forming the matrix at body temperature comprises [VPGVGlon.

. The pharmacentical forroulation of any one of claims 1 1o 6, wherein the amino acid
sequence capable of forming the matrix at body temperature is an clastiv-like-peptide (ELP)

sequence.

. The pharmaceutical formulation of any one of claims 1 to 5, whercin the amino acid
sequence capable of forming the matrix at body teraperatire forms a random coil or non-
globular extended strocture,

4. The pharmacecutical formulation of any one of claims 1 to 5, wherein the amino acid

sequence capable of forming the matrix at body temperature is includes a random cotl, or a

non-globular extended structure.

. The pharmaceutical formulation of any one of ¢claims 1 to 14, wherein the subject is human,

and the body temperature is about 37°C.,
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The pharmaceutical formulation of any one of claims 1 to 14, wherein the subject is a non-

human mammal.

The pharmaceutical formulation of any one of claims 1 to 16, wherein the active agent is a

protein,

The pharmaccutical formulation of claim 17, wherein the therapeutic agent 18 a recombinant
fusion protein between the protein active agent and the amino acid sequence capable of

forming the matrix at the body temperature of the subject.

The pharmaceuntical formulation of claim 1S, wherein the protein active agent has a
circulatory half~hife in the range of from about 30 seconds to about 10 hour, or about 30

seconds to about | hour.

The pharmaceutical formulation of claim 19, wherein the active agent 18 a GLP-1 receptor
agomst or derivative thereof, a VPAC2 selective agonist or a derivative thereof, a GIP

receptor agonist or a derivative thereof or a glucagon receptor agonist or a dertvative thereof,

. The pharmaceutical formulation of claim 19, wherein the formulation is a co-formulation

comprising at least two of a GLP1 receptor agonist, a glucagon receptor agonist, and a GIP

receptor agonist

. The pharmaceutical formulation of claim 19, wherein the protein active agent is a clotting

factor, where the clotting factor may be Factor VI, Factor VI, or Factor [X.

3. The pharmaceutical formulation of any one of claims 1 to 22, wherein the active agent is

selected from GLP-1 (A&8(G,7-37) ELP1-120 and GLP-1 (AR(G,7-37) ELP4-120 (PB1046).

. The pharmaceutical formulation of claim 19, whercin the protein active agent is insulin or a

derivative thereot.



26.

.
~3

28.

29.

30.

WO 2013/028989 PCT/US2012/052304

. The pharmaccutical formulation of any one of claims 1 to 17, wherein the therapeutic agent

is a chemical conjugate between the active agent and the aming acid sequence capable of

forming the matrix at the body temperature of the subject.

The pharmaccutical formulation of claim 25, wherein the active agent is a chemotherapeutic
agent, such as a chemotherapeutic agent selected from methotrexate, daunomycin,
mitomycin, cisplatin, vincristing, epirubicin, fluorouracil, verapamil, cyclophosphamide,
cytosing arabinoside, aminopterin, bleomyecin, mitomycin C, democolcine, etoposide,
mithramycin, chlorambucil, mciphalan, daunorubicin, doxorubicin, tamoxifen, paclitaxel,

vinblastine, camptothecin, actinomycin D, cytarabine, and combrestatin,

. The pharmaceutical formulation of claim 25, wherein the agent is an immunogenic molecule,

or is an immunomoedulator, or 18 an anti-inflaromatory agent.

The pharmaceutical formulation of any one of claims 1 to 27, wherein the therapeutic agent

is present in the range of about 0.5 mg/ml to about 200 mg/mi.

The pharmaceutical formulation of clairo 28, wherein the therapeutic agent is present in the

range of about 5 mg/mi. to about 125 mg/mL.

The pharmaceutical formulation of claim 28, wherein the therapeutic agent is present in the

range of about 18 mg/mL to about 58 mg/ml., or about 15 mg/ml to about 30 mg/mL.

. The pharmaceutical composition of any one of claims 1 to 30, wherein the therapeutic agent

does not form the phase-transitioned matrix at storage conditions.

2. The pharmaceutical composition of claim 31, wherein the storage conditions are less than

-~

about 40°C, or less than about 37°C, or less than about 30°C, or less than about 27°C, or less

than about 25°C.
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. The pharmaceutical formulation of any onc of claims 1 to 32, wherein the formmlation has an

ionic strength of at least that of 25 mM Sodium Chloride, or at least that of 30 mM Sodium
chloride, or at least that of 40 mM Scdium Chloride, or at least that of, 30 mM Sodium
Chioride, or at least that of 75 mM Sodium Chloride, or at least that of 100 mM Sodium

Chloride, or at least that of 150 mM Sodium Chloride.

. The pharmaceutical formulation of any one of claims 1 to 33, wherein the formulation has an

ionic strength of ahout 0.9% saline or less.

The pharmaceutical formulation of claim 34, wherein the formulation comprises two or more
of calcium chloride, magnesium chloride, potassium chloride, potassium phosphate

ronobasic, sodium chloride, and sodium phosphate dibasic.

. The pharmaceutical formulation of claim 35, wherein the formulation comprises the

components listed in Table 4, Table 5, or Table 6.

. The pharmaceutical formulation of any one of claims 1 to 36, wherein the fornwlation 13

packaged in the form of pre-dosed pens or syringes for administration once per week, twice

per week, or from one to five tfimes per month,

A sustained release pharmaceutical formulation comprising:

a therapeutic agent, the therapeutic agent comprising an active agent and an amino acid
sequence comprising | VPGXGlos, where each X is selected from V, G, and A, and

one or more pharmaceutically acceptable excipients and/or diluents for formation of a

reversible matrix from an aqueous form upon administration to a human subject.

The pharmaceutical formulation of claim 38, wherein the formulation provides slow

absorption from an injection site upon administration.
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The pharmaceutical formulation of claim 39, wherein the formmlation provides a flat PK
profile upon administration, as compared to the PK profile for the active agent in the absence

of said amino acid sequence.

The pharmaceutical formulation of claim 40, wherein the PK profile has a shallow Cmax

and/or low ratic of peak to trough and/or a long Tmax.

2. The pharmaceutical formulation of any one of claims 37 to 41, wherein the formation of the

matrix reverses as protein concentration decreases.

. The pharmaceutical formulation of claim 42, wherein the amino acid sequence comprises

[VPGX G0, where cach X is selected from V, G, and A,

.. The pharmaceutical formulation of any one of claims 37 to 43, wherein V, G, and A are at a
The pharmaceutical formulat { am {¢l 37 to 43, wherein V, ¢ d A are at

ratio of about 5:3:2.

. The pharmaceutical formulation of any one of claims 37 to 44, wherein the active agent is a

protein.

The pharmaceutical formulation of claim 45, wherein the therapeutic agent is a recombinant

fusion protein between the protein active agent and said amino acid sequence.

The pharmaceutical formulation of claim 46, wherein the protein active agent has a
circulatory half-life in the range of from about 30 seconds to about 10 hours, or about 30

second to about | hour.
The pharmaceutical formulation of claim 46, wherein the active agent is a GLP-1 receptor

agonist or derivative thereof, a VPAC2 selective agonist or a derivative thereof, a GIP

receptor agonist or a derivative thereof or a glucagon receptor agonist or a derivative thereof.
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The pharmaceutical formulation of claim 46, wherein the formulation is a co-formulation
comprising at least two of a GLP1 receptor agonist, a glucagon receptor agonist, and a GiP

receptor agonist

. The pharmaceutical formulation of claim 46, wherein the protein active agent is a clotting

factor, where the clotting factor may be Factor VI, Factor Vi1, or Factor IX,

The pharmaceutical formulation of claim 46, wherein the protein active agent is insulin or a

derivative thereot,

. The pharmaceutical formulation of any one of claims 38 to 51, wherein the active agent is

selected from GLP-1 {A8G, 7-37) ELP1-120 and GLP-1 (ARG,7-37) ELP4-120 (PB1046).

. The pharmaceutical formulation of any one of claims 38 to 52, wherein the therapeutic agent

18 a chemical conjugate between the active agent and said amino acid sequence.

. The pharmaceutical formulation of claim 53, wherein the active agent is a chemotherapeutic

agent, such as a chemotherapeutic agent selected from methotrexate, daunomycin,
mitomycin, cisplatin, vincristine, epirubicin, fluorouracil, verapamil, cyclophosphamide,
cvtosine arabinoside, aminopterin, bleomycin, mitomyein C, democolcine, ctoposide,
mithramycin, chlorambucil, melphalan, daunorubicin, doxorubicin, tamoxifen, paclitaxel,

vinblasting, camptothecin, actinomycin D, cytarabine, and combrestatin,

5. The pharmaceutical formulation of claim 53, whercin the agent is an immunogenic molecule,

or is an immunomaodulator, or is an anti-inflammatory agent.

. The pharmaceutical formulation of any one of claims 38 to 56, whercin the therapeutic agent

is present in the range of about (.5 mg/mb to about 200 mg/mL.

7. The pharmaceutical formulation of claim 56, wherein the therapeutic agent is present in the

range of about 5 mg/mL to about 125 mg/mb.
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. The pharmaceutical formmulation of claim 56, wherein the therapeutic agent is present in the

range of about 10 mg/mL to about 50 mg/mL, or the range of about 15 mg/mL to about 30

mg/mb.

The pharmaccutical composition of any one of claims 38 to 58, wherein the therapeutic agent

does not form the matrix at storage conditions.

The pharmaceutical compasition of claim 59, wherein the storage conditions are less than
about 40°C, or less than about 37°C, or less than about 30°C, or less than about 27°C, or less

than about 25°C.

The pharmaceutical formulation of any one of claims 38 to 60, wherein the formulation has
an ionic strength of at least that of 25 oM Sodium Chloride, or at least that of 30 mM sodium
Chloride, or at least that of 40 mM Sodwsm Chloride, or at that least that of 50 mM Sodium
Chioride, or at lgast that of 75 oM Sodium Chloride, or at least that of 100 mM Sodipm

Chloride.

. The pharmaceutical formulation of any one of claims 61, wherein the formulation has an

ionic strength of about $.9% saline or less.

The pharmaceutical formulation of claim 61, wherein the formulation comprises two or more
of calcium chloride, magnesium chloride, potassium chloride, potassium phosphate

monobasic, sodium chloride, and sodium phosphate dibasic.

The pharmacecutical formulation of claim 63, wherein the formulation comprises the

components listed in Table 4, Table 5, or Table 6.

. The pharmaceutical formulation of any one of claims 38 to 64, wherein the formulation is

packaged in the form of pre-dosed pens or syringes for administration once per week, twice
per week, or from one to five times per month,
33
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A method for delivering a sustained rclease regimen of an active agent, comprising,
administering the formulation of any one of claims 1 to 65 to a subject in need, wherein the

formulation is administered from about 1 to about & times per month.

7. The method of claim 66, wherein the active agent is GLP-1 or an analog thercof, and is

administered about 1 to about 8§ times per month.

The method of claim 66, wherein the active agent is VIP or an analog thereof, and is

administered about 1 to about 8 times per month.

The method of any one of claims 66 to 68, wherein the formulation is admimistered about

weekly.

The method of any one of claims 66 to 69 wherein the formulation is administered

subcutaneously or intramuscularly,

. The method of any one of claims 66 to 69, wherein the site of administration is not a

pathological site.
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