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USE OF HUMAN AMYLIN ANALOG POLYPEPTIDES FOR PROVIDING SUPERIOR
GLYCEMIC CONTROL TO TYPE | DIABETICS

Cross-Reference to Related Application

This application claims the benetit of US Provisional Patent Application No.
63/012,619, filed April 20, 2020, the disclosure of which is incorporated herein by referenice

in its entirety,
Reference to Sequence Listing Submitted Electronically

This application contains a sequence listing, which is submitted clectronically via EXS-
Web as an ASCIH formatied sequence Hsting with a file name “Seqg-Listing-717156_102487-
D6OWQ ixt,” creation date of April 17, 2021 and having a size of 4KB, The sequence listing
submitied via EFS-Web is part ol the specification and is herein incorporated by reference in

its entirety.
Field
Thix disclosure relates to treatments of type 1 diabetes.
Backgroand

Type | diabetes is a devastating disease. Type 1 diabeties lack functional pancreatic -
cells and, as such, cannot produce insulin and amylin that are otherwise secreted from
functional beia cells of relatively healthy individoals. Type 1 diabetics require self-injections
of insulin to survive. However, such self-injections of insulin can be difficull to manage to
avoid and minimize pofentially adverse, even life-threatening, side effects associated with

hypoglycemia, There is a significant need for improved therapies for type 1 diabetes,

Loss of B-cell function thal occurs carly in type | diabetics and can occur late in type 2

diabetics leads to deficiencies in the secretion of lnsulin and amyvlin,

Insulin is a peplide that regulates blood glucose levels and coordinates the body’s
distribution and uptake of glucose. Insulin’s role in the body is, among other things, to prevent
bloed glucose levels [rom rising too high, particularly after a meal,

Human amylin, orislet amyloid polypeptide (IAPP), is a 37-residue polypeptide
hormone. Pro-islet aniyloid polypeptide (L.e., pro-IAPP) is produced in the pancreatic B-cells

as a 67 amino acid, 7404 Dalion pro-peptide ihat undergoes post-translational
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modifications including protease cleavage to produce the 37-residue amylin,  Amylin is co-
secreted  with insulin from  pancreatic fi-ecells in the ratio of  approximately  100:1
(insulincamylin}. Antvlin and msulin levels rise and fall in a synchronous manner. Amylin and
insulin have complemeniary actions in regulating nutrient levels in the circulation. Whereas

insulin aids and promotes storage of nutrients, amylin slows nuirient entry/storage in the body.

Amylin functions as part of the endocring pancreas, those cells within the pancreas that
synthesize and secrete hormones. Anmylin contributes {o glycemic conirol; it is secreted from
the pancreatic isfets into the blood circulation and s cleared by peptidases in the
kidney. Amylin’s metabolic function is well-characterized as an inhibitor of the appearance of
nutrients, such as glucose, in the plasma. K thus functions as a synergistic partner o insulin,
which regulates bleod glucose levels and coordinates the body's distribution and uptake of

glucose.

Amylin is believed to play a role in glycemic regulation by slowing gastric emptying
and promoting satiety (i.e., feeling of fullness), thereby preventing post-prandial (i.e., alter-
meal} spikes in blood glucose levels. The overall effect 1s to stow the rate of appearance of
glucose in the blood after cating. Amylin also lowers the secretion of glucagon by the pancreas.
Glucagon’s role in the body is, among other things, to prevent blood ghucose levels dropping
too low. This is significant because certain type | diabetics, for example, are prone 1o seercle

excess amounts of the blood glucose-raising glocagon just after meals.

For numerous reasons, human amytin, having a halfulife in serum of about 13 minutes,
is not amenable for use as a therapeutic agent. Rather, pramiintide was developed as a synthetic
analogue of homan amyhin (i.e., amylin receptor agonist) for the treatment of patienis with
types | or 2 diabetes, whe use meal-time insulin but cannot achieve desired glycemic control
despite optimal insulin therapy, Pramlintide differs from hunsan amylin in 3 of its 37 amino
acids. These modifications reduce its propensity to aggregate, a charactenistic found of human

amylin.

For treatment of type 1 diabelics, pramlintide is adminisiered up to four timies per day,
via subcutancous injection before meals, as an adjunct to insulin therapy administered after
nieals. Pramlintide cannot be mixed with insulin; separate syringes are used. Reported side

effects of pramilintide include nauvsea and vomiting. Adverse reactions can include severe
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hypoglycemia, particelarly for type | diabetics. Consequently, desage of meal-tume tnsulin is

reduced Tor paticnis who initiate administration ol pramlintide,

Accordingly, there exists a need for improved methods of administration of amylin
analog polypeptides in conjunction with insulin to provide enhanced glycemic control among
type 1 diabetics, and particularly for avoiding an ousel of insulin-indoced hypoglycemia

{inciuding iatrogenic hypoglycenia).
Suminary

Applicanis have discovered a series of poteniial solutions for tnproved treatment of

type 1 diabetes as desertbed herein:

Specifically, Applicants have discovered freatment regimens that shift a so-called
“burden lor treatment” (as defined below) for glucose control n type { diabetics from insulin
lo an amylin agonist. In cssence, methods herein describe methods for (i) continuous
administration and {ii) a high therapeutically effective dose of the anylin analog. By providing
the type 1 diagbetic with continuous adniinistration and a high therapeutically effective dose of
the amylin analog, less insulin is required to controf bleod sugar concentrations and increase
time~-in-range for the patient {L.¢., the length of time during which a type 1 diabetic patient
maintains serum glicose concentrations of approximately 70 mg/dl. to 180 mg/dl.) As such,
lower doses of insulin can separately be provided because control of blood glucose is largely

provided by the amylin agonist.

Continuous administration of the amviin analog: For example, to achieve continuous
administration, the amylin analog is administered to the patient via an implantable (e.g.,
osmotic) or non-implanizble (external infusion punip) drug delivery device. Both short-acting
amylin asalogs (e.g., pramlintide} or long acting amylin analogs {e.g., compound A2, described
herein) can be administered to the patient via an implantable (e.g., osmotic} or non-implantable
fexternal infusion pumip) drug delivery device to achieve cortinuous administration.  Further,
continyous presence of a fong-acting amylin analog (¢.g., compound A2) can also be achieved
in the patient by administration via inlrequent {e.2., once weekly) injections,

As used herein, ¥short-acting amylin analog™ has an elimination halt-life (112) of twelve
hours or fess and a “long-acting amylin analog™ has an climination half-life (2} of greater than

twelve hours.
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High therapewtically effeciive dose of the amyvlin analog: Methods are provided for
administration to a patient of an amylin analog at a “high” therapeutically effective dose, for
example, of at least 5 pg per kilogram per day. In certain embodiments, metheds are provided
for administering to a patient an amylin analog at a high therapeutically effective dose of at

feast 10 pg per kilogram per day, 50 ug per Kilogram per day, or 100 pg per kilogram per day.

Alternatively, a high therapeutically effective dose of the amylin analog is achieved
upon administration of a dose corresponding to at least the ED70 dose of the amylin agonist.
In some embodiments, metheds herein employ a therapeutically effective dose that is at least

the ED75, EDS0O, EDSBS, ED20 or ED9S dose of the amylin agonist.

As used herein, the term “ED70 dose™ (or ED73, EDRO, EDSS, EDY0 or ED9S dose)
refers (o a dose regimen that results in a plasma drug concentration sufficient to activate amylin
receptors, also referred to herein as amylin response(s), to a level that is 70% (or 75%, 80%,
85%, 90%% or 95%, respectively) of the maximum attainable response. In some embodinients,
the amylin analog is an agemt thal activates a heterodimeric receptor constituled from a
calcitonin receptor and 8 RAMP3 (receplor activity modulating peptide 3), also known as an

anylin 3 receptor. In some embodiments, the anylin 3 receptor is a human amylin 3 receptor,

Known methods for the freatment of type 1 diabetes with insudin and an amytin agonist
{pramlintide} have been deficient in this regard because such methods neither provide (1)
continuous administration of the amylin analog (e.g., via an implaniable or non-implantable
drug delivery device), nor do they provide (ii) a high therapeutically effective dose of the
amylin analog (e.g., of at least 5 ug per kilogram per day; or a therapeutically eflective dose

that is at teast the ED70 dose of the amylin agonist).

Specitically, methods have been discovered Tor administration of analogs of hunan
amylin that provides relatively continuous steady-state exposure of the amylin analog fo
provide enhanced glycemic control among type | diabetics relative to either (1} insulin therapy
alone or {ii) insulin therapy in conjunction with daily (or up to 4 times daily) injectable
administrations of a short-acting analog of hwman amylin, such as pramlintide (Synilind,
developed by Amylin Pharmaceunticals, Ine, San Diego, CA, USA and marketed by
AstraZeneca ple, Cambridge, UK),  According to the methods disclosed herein, relatively
conlinuous steady-state exposure of analogs of human anvlin is achieved by (i) administration

via implantable drug delivery device of a long-acting amylin analog {(such as compound A2
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described herein) or a short-acting amylin analog (such as prambintide) or (it) administration
via infrequent (e.g., once weekly) injection of a long-acting amylin analog such as compound

A2

As such, the disclosure provides methods for maintaining glveemic control (e.g.,
niaintaining nrormoglycemia) in type 1 diabetics in need thereof, and particalarly for avoiding
{or minimizing the likelthood of) an onsst of insulin-induced hypoglycemia (including

ialrogenic hypoglycenia).

One aspeet of the disclosure provides a method of maintaining glycemie control {e.g.,
naintaining normoglycemia or lreating fatrogenic hypoglycemia) among tvpe | diabetics,
comprising: continuously adminisiering a high therapeutically effective dose of an amylin
agonist, such as compound A2 or pramlintide, via (1} infusion, (i) once weekly injection, (3it)
an implantable drog delivery device or (iv) a non-implantable drug delivery device. In some
embodiments, the method further comprises separate administration of an insulin, such as &

tong-acting insulin,

There are no known reporis that an amylin analog has been delivered clinically as a
continnous infusion. lustead, clinical delivery has been a basal dose in association with a meal-
related beolus doses, with the latter constituting the majority of drug delivered, Furthermore,
current treatment regimens are focused on physiological coneentrations of amylin and their

ratio to insulin based on limitations inherent to amylin bolus dosing,

Despite the known therapeutic value of amylin analogs, and amylin analog (e.g.,
pramiintide}-insulin combinations, current treatment modes are limited in a number of aspects.
Chiefly, current ansyvlin-insulin therapy does not adequately shift the burden of glucose controd
onto glucose-sensitive amylin-analog mediated signaling. Furthermore, current treatment
modes are limited to unpleasant bolus administration and attendant side-effects {e.2. nausea),
and the need for carelul blood-glucose nionitoring. Accordingly, there is a need in the art for
improved methods of administration of amylin analogs, particularly in conjunction with insulin

to provide greater glvcemie control and therapeutic cutcomes.
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Brief Description of the Drawings

Figure 1 illustrates, as deseribed in Example 1, cunmdative distribution of blood glucose
values before (black line) and after (red line) treatment with STZ. Post-STZ values related to
animals treated with Levemir insulin, ~1, 2 or 6U/day, n=3, The range 70-180 mg/dL is shown
by the veriical dotied lines. 98.5% of pre-STZ values fell within the range (TIR = 98,8%%), The

value post-STZ treated with 2Ufday Levemir was 64.9%; 5.8% of values were <76 mg/dL.

Figure 2 illustrates that amylin (or an amylin analog) and insulin share the burden of
plasma glucose control. Amytin (or an amylin analog) provides a unigue opportunity for
plasma glucose control that is active only during periods of elevated plasma glucose levels, Al
a suflicienily high dose of an amyhin analog, glucose-dependent effecis of amylin agonisny will
be able to substitute for the glucose-independent effects of insulin, Accordingly, the resulting
diminished requirement for insulin will redoce the risk of “overshooting” an insolin dosage and

its unintended consequence to patients of treatment-induced hypoglycemia.

Figure 3 illusirates a therapeutic goal of the disclosed methods of treatment such as a
reduction in hypoglycenyic events, Microvascular benetiis of lower mean glucose have not been
achicvable via FDA-approved therapies at present because, in parl, of incipient iatrogenic
kvpoptyeemia from bolus insulin,  Lower propensity to hkypozlveemia would allow lower

glycemic equipoise.

Figure 4 iljusirates a therapeutic goal of the disclosed methods of treatnent such as a
reduction in glucose excursions, Amylin agonism offers modes of glucose regulaiion that are

distinet from those achieved with insulin, Importantly, amylin action is glucose-dependent

Figure § illustrates certain advanlages ol continuous delivery of a long acting amylin
analog (i.e,, agonist} administered via an implanted device {e.g., osmolic mini pump} in
conjunction with supplemental insulin therapy, Under the Typical Profile, multiple daily
tgjections of ingulin & amylin analog are required. Dosing is titrated nieal-by~meal i response
to glucose measares. Relatively high insulin to amylin analog ratio places the therapeutic
burden on glucose independent insulin.  Under the Developed Profile, fixed doses of the
following are delivered: (1) a short or long acting amylin analog via an implanted device {e.g.,
osmolic mini pump) or (i) a long acting amylin analog via infrequent {¢.g., weckly) injections.

Relatively lower doses of insulin may diminish the risk lor side eflects such as hypoglycemia.

6
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Relatively high amylin analog to insulin ratio places the therapentic burden on glucose

dependent hormone amylin.

Figure 6 depicts a clinical study plan to compare pramiintide injection vs infusion
{constant delivery), “CV” means Clinic Visit for data download and subject training. “PK”
nieans collection of a pramilintide PK sample. Confact with patient {o be scheduled as needed

during each titration period.
Detailed Description
General Description of Certain Embodiments of the Disclosure

This disclosure relates to methods of using amylin analogs for ireating metabolic
discases or disorders, such as types 1 and 2 diabetes, obesity, and methods of providing weight

loss.
Definifions

It is to be understood that the terminology used herein is for the purpose of deseribing
particular embodiments only and is not intended to be limiting. As used in this specilication

2 ig

and the appended claims, the singofar forms “a,” “an” and “the” include plural referents unless

the context clearly dictates otherwise. Thus, for example, reference to “a solvent”™ includes a

(4]

combination of two or more such solvents, reference to “a pepiide” inclodes one or more

peplides, or mixtures of peptides, reference to “a drug” includes one or more drugs, reference

to “an osmotic delivery device™ includes one or more osmotic delivery devices, and the like.
LT

Unless specifically stated or obvious from countext, as used herein, the tenm “or” is understood

ta be inclusive and covers both *or™ and “and™.

Unless specifically stated or obvious from context, as used herein, ihe term “about™ is
understood as within a range of normal tolerance in the art, for example within 2 standard
deviaiions of the mean, About can be undersiood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, 0.5%, 0.1%, 0,05%, or 0.01% of the stated value. Unless otherwise ¢lear from
the context, all numerical values provided herein are moedified by the term “about.”

Unless specifically stated or obvious [rom contexi, as used herein, the terni

R

“substantially” is understood as within a8 narrow range of variation or otherwise normual
tolerance in the art. Substantially car be understood as within 5%, 4%, 3%, 2%, 1%, 0.5%,

). 1%, 0.03%, 0.01% or 0.001% of the staled value,
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Unless defined otherwise, all tochnical and scientific terms used herein have the same
meaning as commonly understood by oune of ordinary skill in the art to which the disclosure
pertains. Although other methods and materials sumilar, or equivalent, to those deseribed herein
can be used 1n the practice of the present disclosure, the preferred materials and methods are

described herein.

The following terniinology will be used in accordance with the definitions set out

below,

The terms “burden” and “therapeutic burden” as used hercin pertain to the control of
plasma ghucose concentrations in a diabetic patient. Existing insulin-based treatments for type
1 diabetes place the therapeutic burden upon insulin io achieve control of plasma glucose
concentrations, at the risk of plasma glucose falling too low and an onset of hypoglyeemia.
Adternatively, according to methods disclosed herein, whereby insulin and an amylin analog
are separately co-administered to a patient with type 1 diabetes, and whereby a concentration
of amylin analog Is administered at a therapeutically effective dose that is at or greater than the
ED70 dose of the amylin agonist, the therapeutic burden shifis to the glucose dependent
hormone amylin,  The methods disclosed herein reduce the therapeutic burden of co-
administered insulin, thus permitting relatively lower and safer doses of insulin, putiing the

patient at diminished risk of hypoglycemia.

The terms “drug,” “therapeutic agent,” and “beneficial agent” are used interchangeably
to refer to any therapentically active substance that is delivered to a subject to produce a desired
beneficial effect. In one embodiment of the present disclosure, the drug is a polypeptide. In
another embodiment of the preseni disclosure, the drug is a small molecule, for example,
hormones such as androgens or estrogens. The devices and methods of the present disclosure

are well soited for the delivery of proteins, small molecules and combinations thereof.

The ferms “peptide,” “polypeptide,” and “protein™ are used interchangeably herein and
typically refer to a molecule comprising a chain of two or more amino acids (e.g., most
typically L-amine acids, but also including, e.g., D-amino acids, modified amino acids, amino

acid analogs, and amino acid mimetics).

The terminat amino acid &t one end of the peptide chain typically has a free aming group
{i.c., the amino terminus). The ternvinal amine acid at the other end of the chain typically hasa

free carboxyl group (i.e., the carboxy terminus). Typically, the aminoe acids making up a peptide

8
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are numbered in order, starting at the amineg terminus and increasing in the direction of the

carboxy terminus of the peptide.

The phrase “amine acid residue” as used herein refers to an amino acid that is

incorporated inte a peptide by an amide bond or an amide bond mimetic,

As used herein, the terns “HBA LS refers to glycated hemoglobin, It develops when
hemoglobin, a protein within red blood cells that carries oxygen throughout your body, joins
with glucose i the blood, becoming “glveated.” By measuring glyveated hemoglobin
{HbAle), clinicians are able to get an overall picture of what our average blood sugar levels
have been over a period of weeks/months. For people with diabetes this is important as the
higher the HbAlc, the greater the risk of developing diabetes-related complications. HbA 1e

is also reforred 1o as hemoglobin Alc or simply Alc.

The term “insulinotropic™ as used herein typically refers to the ability of a compound,
e.g., a peptide, to stimulate or affect the production andfor activity of insslin (e.g, an
instlinotropic hormone). Such compounds typically stimulate or otherwise affect the secretion
or biosynthesis of insulin in a subject. Thus, an “insulinotropic peptide™ is an amino acid-
containing molecute capable of stimulating or otherwise affecting secretion or biosynthesis of

insylin.

The ierm “insulinotropic peptide” as used herein includes, bui is not Hmited to,
glucagon-like peptide } (GLP-1), as well as dertvatives and analogues thereofl, GLP-1 receptor

agonists, such as cxenatide.

The phrase “incretin mimetics”™ as used herein includes but is not limited to
GLP-1 peptide, GLP-1 receptor agonists, peptide derivatives of GLP-1, and peptide analogs of

GLP-1. Incretin mumetics are also relerred to herein as “insuhinotropic peptides.”

The term “GLP-17 refers to a polypeptide that is produced by the L-cell located mainty
in the theum and colon, and to a lesser extent by L-cells in the duodenem and jejumuni. GLP-1
is a regulatory peptide that binds to the extracellular region of the GLP-1 receptor (GLP-1R},
a G-coupled protein receptor on § cell and via adenyl cyclase activity and production of cAMP
stimulates the insulin response to the nutrients thai are absorbed from the gut {Baggio 2007,
“Biology of increting: GLP-1 and GIP,” Gastroenterology, vol, 132(6)3:2131-57; Holst 2008,
“The incretie system and its role in type 2 diabetes mellitug,” Mol Cell Endocrinclogy, vol.

297(1-2%:127-36]. The effects of GLP-1R agonism are multiple. GLP-1 maintains glucose

9
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homeostasis by enhancing endogenous glucose dependent insulin secrction, rendering the §
cells glucose competeni and seustiive to GLP-1, sappressing glicagon release, restoring first
and second phase insulin secretion, slowing gastric emplying, decreasing food intake, and
increasing satiety [Holst 2008 Mol, Cell Endocrinology; Kjenis 2003 “The intfluence of GLP-
1 on glucose~stimulated insulin secretion: cffects on beta~cell sensitivity in type 2 and
nondiabetic subjects,” Diabetes, vol, $2(2): 380-86; Holst 2013 “Incretin hormones and the
satiation signal,” Int § Obes (Lond), vol. 37(9):1161-69; Scufert 2014, “The extra~-pancreatic
etfects of GLP-1 receptor agonists: a focus on the cardiovascular, gastrointestinal and central
nervous systems,” Diabetes Obes Metab, vol. 16(8) 673-88]. The risk of hypoglveemia is
mininal given the mode of action of GLP-1.  One example of a GLP-1 receptor agonist is
Victoza® (Novo Nordisk A/S, Bagsvaerd D K) (liraglutide; U.S, Pat. Nos. 6,268,343,
6,438,924, and 7,235,627). Onee-daily injectable Victoza® (liraglutide) is commercially
available in the United States, Europe, and Japan. Another example of a GLP-1 receptor agonist
i3 Qzempic® or Rybelsus® (Novo Nordisk ASS, Bagsvaerd D K) {semaglutide, injectable and
crally administered fornmlations, respectively). A further example of a GLP-1 receptor agonist
is exenatide. For ease of reference herein, the family of GLP-1 receptor agonists, GLP-1
peptides, GLP-1 peptide dertvatives and GLP-1 peptide analogs having insulinotropic activity
is referred o collectively as “GLP-1."

w

As used herein, the term “amylin” refers to a human peptide hormone of 37 amino
acids, which is co-seereted with insulin from B-cells of the pancreas. Human amylin has the
following amino acid sequence {three letier code): Lys-Cys-Asn-Thr-Ala-Thr-Cys-Ala-Thr-
Gin-Arg-Leu-Ala-Asn-Phe-Leu-Val-His-Ser-Ser-Asn-Asn-Phe-Gly-Ala-He-Leu-Ser-Ser-Thr-
Asn-Val-Gly-Ser-Asn-The-Tyr (SEQ 1D NO:3). Thus, the structural fornmula is Lys-Cys-Asn-
Thr-  Ala-Thr-Cys-Ala-Thr-Glu-Arg-Leu-Ala-Asn-Phe-Leu-Val-His-Ser-Ser-Asn-Asn-Phe-
Gly-Ala-He-Leu-Ser-Ser-Thi-Asn-Val-Gly-Ser-Asn-Thr-Tyr-NH: (SEQ 1D NO: §) with a
disultide bridge between the two Cys residues and an amide group atfached io the C-terminal
amino acid via a peptide bond. The term “amylin™ also includes variants of amylin as present
in, and it isolatable forny, other mammalian species. With respect to a naturally occurring
amylin compound, the term includes such a compound in an isolated, purified, or other form

that is otherwise not found in nature,

As used herein, the term “agonist” is wsed in the broadest sense and includes any
molecule that mimics a biological activity of a native polypeptide disclosed herein. Suitable
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agonist molecules specifically inelnde agonist antibodics or antibody fragments, fragmenis or
amino acid sequence varianis of native polypeptides, peptides, small organic molecules, ete.
Methods for wdentifying agonists of a vative polypeptide may coniprise contacting a nalive
polypeplide with a candidate agonist molecule and measuring a detectable change in one or

more biological activitics normally associated with the native polypeptide.

As used herein, the terms “amylin analog™ and “amylin receptor agonist™ are used
interchangeably hercin and refer {0 a compound thai mimics one or more effects {or activity)
of amylin in vitro or in vive. The effects of amylin include the ability to directly or indirectly
interact or bind with one or more receplors that are activated or deactivated by amylin. For
exaniple, amylin agonists as used herein are compounds having at least 60, 65, 70, 75, 80, 85,
90, 95, or 99% amine acid sequence identity to SEQ 1D NO: 5 and having amylin activity.
Amylin agonists include human amylin, mammalian amyling, verlebrate amyling, rodent
amylins, amylin derivatives described in US Patent No. 5,656,590, CGRP and analogs, avian
calcitonins, ieleost calcitonins including salmon and eel calcitoning, calcitonins as described i
US Patenl No. 5,321,008, daviintide, pramiintide and othor amylin analog compositions
described in US Paitent No. 7,271,238, compositions described in US Patent No. 6,610,824,
compositions claimed in US Patent No. 8497347, compositions claimed in US patlent
application 2012/0046224, US Patent No. 9,023,789, US Patent No, 8,486,890, US Patent No,
8,575,091, in US Patent No. 8,805,504, UUS Patent No. 8,114,958, and US paient application
publications 2012/0046224, 20110103394, 201 1/0132183, 2010/0222269 and 20090099085,

As used herein, the terms “analog™ or “analogue™ or “agonist anatog™ of amylin refers
to a compound that is similar in structure (e.g., derived from the primary amino acid seguence
of amylin by substituting onc or more natural or unratural amino acids or peptidomimetics) to
antylin and mimics an effect of amylin in viltro or in vivo, As used herein, the term “amylin

agonist” refers to an amyhin analog

As used herein, an amylin analog comprises, for example, amylin having insertions,
deletions, and/or substitutions in at feast one or more amino acid positions of SEQ 1D NQ: 3.
The number of amine acid insertions, deletions, or substitutions may be at least 1,2, 3, 4,5, 6,
or 10. Insertions or subsiitutions may be with other natural or unnatural amino acids, synihetic
anmying acids, peptidomimetics, or other chenical compounds. Amylin agonists inchude huwman
amylin, vericbrate amylins, amvlin derivatives described in US Paient No. 3,656,590,
calcitonin gene related peptide (CGRPY amd analogs, avian calcitonins, teleost calcitonins
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including salmon and ecl calcitonins, calcitonins as deseribed, e.g., in US Patent Ne. 5,321,008,
US Paient No, 8,486,890, pramliniide, Symlin®, and olher amylin analog compositions
described in, eg, US Patent No. 7,271,238, US Patent No. 5,321,008, US Patent No,
3,367,052, compositions claimed in, e¢.g., US Patent No, 8,497,347, compositions claimed in,

&tk
e.g., US Patent Application Ser. No.12/601,884,

As used hergin, a “derivative”™ of amylin refers o an amylin which is chemically
modified, c.g. by introducing a side chain 1 one or niore positions of the amylin backbone or
by oxidizing or reducing groups of the aniino acid residues in the amylin or by converting a
free carboxylic group to an ester group or to an amide group, Other derivatives are obtained by

acylating a free amino group or a hydroxy group.

As described in greater detail below, in some embodiments, the amylin analog
polypeptides disclosed herein are provided in methods lor ireatment of type 1 diabetes, as an
adjunct to treatment with insulin.

>

The term “insubin,” as vsed herein, refers to hunan insulin or any insulin analogs,

Exemplary non-limiting insulin analogs include those histed in Table 1:

Table 1: Exemplary insulin analogs

Type of Insulin & Brand Onset Peak Buration Role in Blood
Mams Sugar
Management

SUbtra Fast™” Rapid-Acting
Fiasp® {aspart) ahout 5 mins | 13 howrs 3-5 houss

sonner than

Repid Acting

Insudins

Rapid-Acting {enter the bloodsiream within minutes, for injection within 5 {o L0 minutes of eaing;
peak action period of 60- 120 minuies, and clears after about four howrs; used i continuous
subcuiancous 1asubin infusion}

Lilly’'s Humalog® {lispro) 15-30 naim, 30-90 min 3-5 howry Rapid-aciing
Nowvo's Novologdt (aspart) 16-20 nan. 40-30 mn. 3-5 hows msuling cover
Sano{i’s Apiderad® (glulising) | 20-30 min. A0-90 yin, 1-2 122 houars nsulin needs for
Sanofl’s Admelog® (Hepro) 15-30 min. 30-90 miin 3-5 hours meals eaten al the
same lime as the
imjection. This
type of insulin is
often used with
longer-acting
nsudin.
Short-Acting
Novo's Novolind: 30 oun. -1 2-3 hours 5-8 hours Short-acting
{recombinant insuling hour insubins cover
velosudin (human insulin 30 oo, -1 £-2 howrs 2-3 howrs insulin neads for
for use in an insulin pump) hour meals eaten within
30-60 minues,
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Type of Insulin & Brand Onset Peak BDuration Role in Blood

Mame Sngar
Management

Intermediate-Acting

neulrad protaming 1-2 hours 4-12 hours 18-24 hours Intermediate-

hagedorn (NPH} insulin acting nsulin

covers insalin
needs for about
half the day or
overnight. This
Lype of insulin i
offen combaed
with 4 rapid- or
shott-acting Hype.

Long-Acting (suiiabie for backaround or basal insulin replacement)

Lilly’s Basaglae® (100 1-1 122 hows | Nopeak time. | 20-24 bours Long-acting
anitsaniy; Deliverad at « wsuding cover
Sanafi’s Lantus® (100 steady level. wsudin needs for
units'mb} & Toujeo® (300 about one full day.
anitsami} This type 3s often
combined, when
{insulin glargioe} negded, with
rapid- or shorg-
Uzually infected once daily: acting insulin,

but may be given twice daily.

Tosudin glargine aggregates
inlo chusters when injected.
Individual msalin wniis
delach {rom the cluster, for
absorplion itto the blood
sireant Slow break-up of
these clusters contribute to
insitlin glargine’s long
action.

Novo's Leverme® (insulin 1-2 hours H-% howrs Up to 24 hours
detenir)

Suitabde for twice daily
imjection.

Insuhin detemir is absarbed
into the blood stream, biads
hurnan serum atbumin
{HSA), and provides
elagively steady
concentrations, over 12 o 24
hours, of fow levels of
unbound or “free” detenuir.

Novo's Tresibad: F0-90 i, Neo peak e 42 hours ¥+
{insulin degludec)
Pre-]
Lilly” 30 pun. 2-4 hours 14-24 hours These products are
Novo's Movolin®: 76:30 30 pu. 2-12 hours Up to 24 hours | generally taken
Novo's Novologih 70:30 10-20 pin. 1-4 hours Up 1o 24 hours | wo ot theee times
Lilly's Humulin® 5050 3G swin. 2-8 hours 18-24 hous a day before
Lilly*s Humalog® mix 73725 15 muin. 30 min.-2 142 16-20 hours mealtie.

hours
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Type of Insulin & Brand Omset Peak BDuration Role in Blood
Name Sugar
Management

*Premixed msulins combine specific amounts of infenmedinte-acting and shorl-acting insudin in one usit ot
sudin pen, {The nusnbers following the brand name indicate the percentage of ench type ofinsubin.}
Insudin/GLP-1 receptor aganist combinations
Novo's Xultoplp& 30-90 s, No peak time 42 hours
{insulin deghudec {00
unitsmi & liraghutide 3.6
meimi}

Sanofi’s Soligua® 1-1 12 howrs | Neo peak itne 20-24 howrs
{inselin glargine 100
anitsiml & lixisenatide 33
meginl)

The term “meal-time insulin® as used herein refers to a fast-acting insulin formulation
ihat reaches peak blood conceniration in approximately 45-90 minanies and peak activity

approximately 1 to 3 hours after administration and s administered at or around nwealtime,

Those of ordinary skill in this art will recognize that the above terms “insulin” and
“amylin™ can be read broadly to include any polypeptide or other chemical ¢lass having the
above described desired biological activity, in vitro or in vivo, which stinmlates or suppresses,
respectively, glucose incorporation inte glycogen in any of many test systems, including, rat
soleus muscle. In addition, such persons recognize that the potypeptide may be provided it a
forny which does not significantly affect the desired biological activity of the polypeptide. For
example, as described in ULS. Patent No, 5,124,314 or U.S. Patent No, 5,641,744, the amylin

niay be prepared in a soluble form.

The term “glucose regulating peptide™ as used herein refers to any peptide that conirols
glucose metebolism, inchading serum levels, ghicogenesis, ghicose breakdown, glucose uplake,
glucose storage, and glucose release. Representative glucose regulating peptides comprise

amylin and insulin, and their analogs, disclosed herein,

The term “normoglycemia™ (or “suglycemia™) as used herein means a normal
concentration of glucose in the blood or plasma of a patient. As used herein, normoglycenua
may refer to a range of blood glucose concentrations (normoglycemic range) found in healthy
populations. Those skilled in the art will recognize variations in the nonmoglycemic range

depending on the individual or patient population in question,

As used herein an “effective” amount or 2 “therapoutically effective amount™ of a
peplide refers 1o & nontoxic but sutticient amount of the peptide to provide the desired eflect.

For example, one desired effect would be the prevention or treatment of hypoglycemia, as
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measured, for example, by an increase in blood giucose level. An alternative desired offect for
the peptides of the present disclosure would include treating hyperglyceniia, ¢.4., as measured
by a change in blood glucose level closer to normal, or inducing weight loss/preventing weight
gain, ¢.g., as measured by reduction in body weighi, or preveniing or reducing an increase in
body weight, or normalizing body fat distribation. The amount that is “effective” will vary
front subject to subject, depending on the age and general condition of the individual, mode of
administration, and the lke. Thus, it is not always possible to specify an exact “effective
antount.” However, an appropriate “cliective” amount in any individual case may be
determined by one of ordinary skill in the art using rooline experimentation.

N Ly

As used herein, the terms “treatment,” “treat,” and “Weating” refer lo reversing,
atleviating, delayving the onset of, or inhibiting the progress of a disease or disorder, or one or
more symptoms thereof, as deseribed herein.  In some embodiments, treatment may be
administered after one or more symptoms have developed. In other embodinments, treatment
may be adminisiered in the absence of symptoms. For example, treatnient may be administered
to a susceptible individual prior to the onset of symptoms {e.g., in Hght of a history of symptoms
and/or in light of genetic or other susceptibility factors). Treainent may also be confinued afier

symploms have resotved, for example to prevent or delay their recurrence,

The term “implantable delivery device™ as used hercin typieally refers fo a delivery
device that is fully implanied beneath the surface of a subjeet’s skin to affect adminisivation of
a drug.

Representative implantable delivery devices include Hydron® Implant Technology,
from Valera Pharmaceuticals. e, NanoGATE™ implant, from IMEDD Inc; MIP
implantable pump or DebioStar™ drug delivery technology, from Debiotech S.A.; Prozor™,
Nanopor'™ or Delos Pump™, from Defpor Inc.; or an implantable osmotic delivery deviee,
e.g., ITCA-0650, from ntarcia Therapeutics, Inc.

The terms “osmotic delivery device™ and “implantable osmotic delivery device” are
used inlerchangeably hercin and typicalty refer to a device used for delivery of a drug to a
subject, wherein the device comprises, for exampie, a reservorr (made, eg., from a titanium
alloy) having a lumen that contains a suspension formulation comprising a drug and an osmotic
agent fornulation. A piston assembly positioned in the fumen isolates the suspension
formulation from the osmotic agent formudation. A semi-permeable membrane is positioned at

a first distal end of the reservoir adjacent the osmotic agent fornudation and a diffusion

l
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moderator (which defines a delivery orifice through which the suspension formulation exits the
device) is positioned at a second distal end of the reservoir adjacent the suspension formulation.
Typically, the osmotic delivery device is implanted within the scbject, for coxample,
subdermally or subcutancously {e.g., in the inside, ouiside, or back of the upper arm and in the
abdominal area). An exemplary osmotic delivery device is the DUROS® (ALZA Corporation,
Mountain View, Calill} delivery device. Exanples of terms synonymous to “osmotic delivery
device” include but are not limiled to “osmotic drug delivery device”, “osmotic drug delivery

ES Y CLINTS LL T CEIT

gystem’™, “osmiotic device”, “osmotic delivery device”, “osmotic delivery systent”, “osmotic

EERNNN Y Mook

pump”, “implantable drug delivery deviee”, “drug delivery sysiem™, “drug delivery device”,
“implantable osmetic pump”, “implantable drug delivery system”, and “implantable delivery
systeny”. Other terms for “osmotic delivery device™ are known in the art.

Typicalty, for an osmotic delivery system, the volume of the chamber comprising the
drug formulation is between about 100 pl to about 1000 pl, more preferably between about 140
pl and about 200 ul In one embodiment, the volume of the chamber comprising the drug
formutation is about 150 pl,

The term “non~-implantable delivery device” as used herein typically refers to a delivery
device, incleding a “non-implantable miniaturized patch pump,” having certain components
ihat are noi inplanted beneath the surface of a subject’s skin to affect administraiion of a drug.

Representative  non-implantable delivery devices (e.g., palch pumps) include
Onmmnipod®, from Insulet Corp.: Solo™, from Medingo; Finesse™, from Calibra Medical Inc.;
Cellnovo pump, from Celinovo Lid.; CeQur™ device, from CeQur Lid,; Frechand™, from
MedSotve Technologies, Inc.; Medipacs pump, from Medipacs, Inc.; Medtronic pump and
MiniMed Paradigm, from Medtonic, Ing; Nanopump™, from Debiotech S.A. and
STMicroelectronics; NiliPatch pump, from NiliMEDIX Ltd; PassPort™, from Altea
Therapeaiics Corp.; SteadyMed paich panp, from SteadyMed Lid.; V-Go™, from Valeriias,
Inc.; Finesse, from LifeScan; JewelPUMP™, from Debiotech S.A.; SmartDose Electronic
Patch Injector, from Wesl Pharmaceutical Services, Inc.; SenseFlex FD (disposable) or SD
{semi-disposable), from Sensile Medical A.G.; Asante Sunap, from Bigfoot Biomedical:

PicoSulin device, front PicoSulin and Animas ® OneTouch Ping Pumnp, front Animas Corp.

In some embodiments, the non-imiplantable wminiaturized patch pump is, e.g,
JewelPUMP™ (Debiotech S.A.), placed on the surface of the skin. Dosing of the

JewelPUMP™ device is adjustable and programmable,  The JewelPUMP™ is based on a
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microelectroniechanical system (MEMS) integrated and ultra-precise disposable pump-chip
technology. The JewelPUMP™ is a miniaturized patch-pump with a disposable unit having
payload for administration of compound. The disposable unit is {illed once with compound and
discarded atter use, while the controller unii (including the electronics) can be used for 2 years
with multiple disposable units. In some embodiments, the JewelPUMP™ is detachable,
watertight for bathing and swimming, includes direct access belus buttons and a discreet
vibration & audio alarm on the patch~-pump. In some embodiments, the Jewel/PUMP™ is

remotely controlled.

The term “continuous delivery” as used herein typically refers to a substantially
continuous release of drug from an osmotic delivery device and into tfissues near the
implantation site, ¢.2., subdermal and subeutancous tissues, For example, an esmotic delivery
device releases drug essentially at a prodetermined rate based on the principle of osmosis.
Extracettular {luid enters the osmotic delivery device through the senui-permeable membrane
directly into the osmotic engine that expands to drive the piston at a slow and consistent rate
of travel. Movement of the piston forces the drug formulation 1o be released through the orifice
of the diffusion moderator. Thus release of the drug from the osmotic delivery device is al a

slow, controlled, consistent rate.

The term “substantial steady-state delivery™ as used hergin typically refers to delivery
of a drug at or near a target conceniration over a defined period of time, wherein the amount of
the drug being delivered fronmy an osmotic delivery device is substantially zero-order delivery.
Substantial zero~order delivery ol an active agent (¢.g., a disclosed amylin analog polypeptide)
means that the rate of drug delivered is constant and is independent of the drug available in the
delivery systen; for example, for zero-order delivery, if the rate of drug defivered is graphed
against time and a line is fitted to the data the line has a slope of approximately zero, as

determined by standard methods {e.g., linear regression},

The phrase “drug half-life” as used herein refers how long it takes a drug to be
climinated from blood plasma by one half of iis concentration. A drug’s half-life is usually
measured by monitoring how a drug degrades when it is administered via injection or
intravenously. A drug is usually detected using, for exanmple, a radicimmuncassay (RIA), a
chromatographic method, an electrochemiluminescent (ECL) assay, an enzyme linked

immunosorbent assay (ELISA) or an inymunoenzymatic sandwich assay (IEMA},
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The lerms “ug” and “meg” and “ug” are understood to mean “micrograms™. Similarly,
the terms “ui” and “ul.” are understood to mean “microliter”, and the termss “uM™ and “oM”

are understood 1o nean “nycromolar”,

The term “serum™ is meant (o mean any bleod product from which a substance can be
detected. Thus, the term serum includes at least whole blood, serum, and plasma. For examiple,
“an amount of {a substance] in a subject’s serum™ would cover “an anwount of {the substancel

in a subject’s plasma”,

Basciine is defined as the last assessment on or before the day of the initial placement

of an osmotic delivery device (contatning drug or placebo),
Endogenous amylin, related peptides and amylin veceptors

Human amylin, a 37-residue polypeptide hormone, is co-secreted with insulin from the
pancreatic P-cells. Loss of P-cell function that oceurs early in tvpe 1 diabgtics and can occur
fate in type 2 diabetics leads to deficiencies in the secretion of insulin and antylin. Amylin is
believed to play a role in glyeemic regulation by slowing gastric emptying and promoting
satiety, thereby preventing pest-prandial spikes in blood glucose levels, The overall effect is

to slow the rate of appearance of glucose in the blood afier eating.

Amylin's amino acid sequence is most closely related to that of caleitonin gene-related
peptide (CGRP). CGRP alse shares a similarly positioned disulfide bond and arn amidsted C-
terminus. This i3 also the case for caleitonin, adrenomedullin, and adrenomeduliin 2. Together,
these peptides fornt a small famity, united by these characteristic features. Consequently, there
is a degree of overlap in binding the cograte receptors [or each peptide and pharmacological

activity.

The peptides typically designated as calcitonin (CT) peptide family members include:
caleitonin gene-related peptide (CGRP), caleitonin (CT), amyhin (AMY), adrenomedullin i,
and adrevomeduilin 24ntermedin (ADMI1, ADM2 respectively). Two G protein-coupled
receptor proteins {caleitonin receptor; CTR, and calcitonin-recepior-like receptor; CALCRL)
and three receptor activity-modifying proteins, (RAMP1, RAMP2, RAMP3) make up the
pharmacologically distinet receptors for the entire peptide family (CTR, AMY i, AMY2,
AMY3, CGRPR, AMI, AM2), There appear o be at feast five distinet reeeptors to
which amylin binds with significant affinity (AMY1, AMY2, AMY3, CTR, CGRPR). CTR
dimerizes with RAMPs 1, 2, or 3 to reconstituie the AMY 1, AMY2, or AMY3 receptors with
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pharmacology selective for amylin over calcitonin.  In the absence of 8 RAMP, CTR
pharmacology becomes calelionin seleclive versus amylin, CALCRL dimerized with RAMP
generales CGRPR with high affinity for CORP and redoced affinitics for all other peptide
family members including amylin. CALCRL and RAMP2, or RAMP3, reconstitute the

pharmacology of AM1, and AM2 respectively with very low to no affinity for amylin,

Amylin analog polypeptides, having binding affinity to amylin recepior complexes,
have been developed. Pramlintide, for example, was developed by Amylin Pharmaceuticals,
and approved by the U.S. Food and Drog Adnunistration (FIDA), as a synthetic analogue of
human amylin for the treatment of types 1 and 2 diabetics, who use meal-time insulin but
cannot achieve desired glycemic control despite optimal insulin therapy, Pramlintide is an
amylinomimetic agent that is at least ag potent as human amylin, It is also a 37-amino-acid
polypeptide and differs in amino acid sequence from human amylin by replacement of amino
acids with proline at positions 23 (alanine), 28 {sering), and 29 {(serine). As a result of these

substitutions, pramliintide is soluble, non-adhesive, and nonaggregating

i e

thereby overcoming &
nunyber of the physicochemical Habilities of native human amylin, The hal(-life of pramiintide
is approximately 48 minutes in humans, longer than that of native humar amylin {about 13

minutes). Pramlintide requires frequent and inconvenient administration.

For treatnent of type 1 diabetics, pramlintide is administered up to four times per day,
via subcutancous injection in fhe thigh or abdomen before mcals, as an adjunct fo insulin
therapy administered after meals. Pramiintide cannot be mixed with mnsulin; separate syringes
arc used. Pramiintide is administered with or prior to cach meal or snack that consists of at
feast 230 calories or 30 g of carbohydrate. The typical starting dose for type | diabetics is 15
g subcutaneous pramiintide before each meal, with subsequent titration to a target dose of 60
pg before cach meal, Reported side effects of pramlintide include nausea and vomiting.
Adverse reactions, particularly for type 1 diabetics, ean include severe hypoglycemia.
Counsequently, dosage of meal-time insulin is redoced for diabetic patients who initiale

administration of pramiintide.
For treatment of type 2 diabetics, pramlintide is administered via subceutancous
injection at a recommended starting dose of 60 ug, with a target mainienance dose of 120 ug

before gach meal.
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Davalintide (AC2307) is another analog of human amylin. Davalintide is an
investigaiional compound wiils a hall~life of about 26 minutes. Like pramiiniide, davalintide
would likewise require frequent adnyinistration via igjection.

In some embodinients, the amylin analog is selected fron: the group consisting of those

disclosed in U.S. Patenl Application No. 16/398,915, the entire conients of which is
incorporated heretn by reference.  In some embodiments, the aneylin analog comprises an

amino aeid sequence selecled from the group consisting of those in Table 23

Table 2: Exemplary amylin analog polypeptides

Compound | Sequence SEQID

Na. NGO

Al SC*NTSTCH*ATQRLANERH EyGlu)a-CO{CH D) uCHOHK SSNNFGPILPP SEQ 1D
TEVGSETY-NH> NO:

A2 KO h){ CO{CHCOHDCNTSTC*ATORLANELHK SSNNFGPILPPTKVGS | SEQ IR
ETY-(NH:} NO: 2

Al K*({yGlap(COCH 1w COHNCNTSTC*ATQRUANELHE SSNNEGPILEPTKVGS | SEQ 1D
ETY-(NH NG 3

Ad K¥vGlu- SEQ 1D
COCH)COMCNTSTC*ATSRLANFLOKSSNNFGPILPPTKVGSETY -NH, NO: 4

Note: the rwo cysteine residues dripted C¥ are bound by d disulfide bridge; k vepresents D-Iysine

In some embodiments, an isolated polypeptide of the disclosure comprises an amino acid
soquence: SCINTSTCFATORLANEK* ({(vGlu),-
COCH)CH 3 HKSSNNFGPILPPTKVGSE TY-NHz (SEQ 1D NO: 1), which is also veterred
1o herein as Compound Al

In some embodiments, an isclated polypeplide of the disclosure comprises an amino acid
seguence: K {{(yGh){ CO(CH2)1:COHNCAINTSTC*ATQRLANELHKSSNNFGPILPPTRYV
GSETY-(NH2) (SEQ 1D NO: 2}, which is also referred to herein as Compound A2,

In some embodiments, the amylin analog comprises an amine acid seguence:
K¥({(yGlu(CO{CH:)1sCOHNCNTSTC* ATQRLANELHK SSNNFGPILPPTKVGSETY -
{NH2) (SEQ ID NO: 3}, which is also referred to herein as Compound A3,

In some embodiments, the amylin analog comprises an amino acid sequence: K*(yGlu-
COCH)isCOMCHFNTSTCFATSRLANFLOQKSSNNFGPILPPTKVGSETY-NH; (SEQ 1D

NO: 4y, which is also referred to herein as Compound A4,

Certain disclosed anyylin analog polypeptides were developed for administration via
weekly or monthly injections.  Certain disclosed amylin analog polypeptides were developed

for administration via implantation of a delivery device comprising the amylin analog
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polypeptide, where the delivery device comprises a dose of the amylin analeg polypeptide of

up to 3 months, 6 months, 9 monihs, one year, 18 months or two vears.

Description of exemplary embodiments

In certain embodiments, this disclosure provides methods of (i) continuous
administration of the amylin analog; and (i) administration of the amylin analog at s high

therapeuticalty effective dose relative to known amylin treatment regimens.

In some ambodiments, continuous administration of the amylin analog is achieved via
an implantable (e.g., osmotic) or non-implantable (external infusion porap) drug delivery
device. Both shorl-acting amylin analogs (¢.g., pramlintide) or long acting amylin analogs
{e.g., compound A2, described herein) can be administered to the patient via an implantable
{e.g., osmotic) or non-implantable {external infusion pump) drug delivery device o achieve
continuous administration. Further, continuous administration of a long-acting amylin analog
fe.g., compound A2} can also be achieved in the patient by adnunistration via infrequent {¢.g.,
once weekly) injections.

In some entbodiments, the amylin analog is provided at g high therapeutically effective
dose relative to known amylin treatment regimens. In certain embodiments, methods are
provided of adminislering to a pationt an amylin analog at a kigh therapautically effective dose
of at least 5 pg per kilogram per day. 1In cerfain embediments, methods are provided of
administering o a patient an amylin analog at a high therapeutically etfective dose of at least:
6 pg per kilogram per day, 7 pg per kilogram per day, 8 pg per kilogram per day, & ug per
kilogram per day, 10 pg per kilogram per day, 12 ug per kilogram per day, 14 pg per kitogram
per day, 16 ug per kilogram per day, 18 ug per kilogram per day, 20 pg per kilogram per day,
25 pgper kilogram per day, 30 ug per kilogram per day, 35 pg per kilogram per day, 40 pg per
kilogram per day, 45 pg per kilogram per day, S0 ug per kilogram per day, 75 pg per kilogram

per day or 100 pg per kilogram per day.

In certain other embodiments, methods are provided of administering to a patient an
amylin analog at a high therapeutically effective dose that is at or greater than the ED70 dose
of the amylin agonist. In certain other embodiments, methods are provided of administering
to a patient an amylin analog at a therapeutically effective dese that is at or greater than the

ED73, EDRO, EDRS, EDY0 or ED9S dose of the amylin agonist.
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Qune aspect of the disclosure provides & method of treating diabetes mellitus, comprising
administering to a patieni in need thereof an amylin analog at a therapeutically effective dose
that is at or greater than the EDD70 dose of the anyylin agonist,

QOne aspect of the disclosure provides a method of improving and stabilizing or
normalizing glucose levels in a patient in need thereof, comprising administering to a patient
in need thereof an amylin analog at a therapeutically effective dose that is at or greater than the
ED70 dose of the amylin agonist. In some embodiments, the amylin analog is an agent that
activates a heterodimerie receptor constituted from a caleitonin receptor and an amylin 3
receptor. In some embodiments, the amylin 3 receptor is a human amylin 3 receplor.

One aspect of the discloswe provides a methed of maintaining normoglycenia in a
patient in need thereot, comprising adnvinistering to a patient in need thereot an amylin analog
at a therapeutically effective dose that is at or greater than the ED70 dose of the amylin agonist.
In some embodiments, the amylin analog is an agent that activates a heterodimerie receptor
constituted from a calcitonin receptor and an amylin 3 receptor. In some embodiments, the
amylin 3 receplor is a human amylin 3 receptor,

In some embodiments, the at Icast 70% activation of antylin receptors is achieved using
an it vitro system. Insome embodiments, the at feast 70% amylin activation is detected using
an amylin activity assay. In some embodiments, the at least 70% anmyylin activation s detected
using an amylin activity assay as described in US Patent No. 6,048,514, the contents of which
are hereby incorporated by reference in iheir entirety. In some embodiments, the amylin activity
assay comprises {1} bringing together a test sample and a test system, said test sample
comprising one or niore test compounds, and said test svstent comprising an in vivo biological
model, said in vivo model being characterized in that it exhibits elevated factate and elevated
glucose in response to the introduction to said nwodel of amylin or an amylin agonist; (i)
deterniining the presence or amount of a rise in lactate and the presence or amount of a rise in
glucose in said test system; {13) determining whether a peak in elevated lactate preceded a peak
in elevated glucose; and (iv) identifying those test compounds which resulted n a peak in
elevated lactate which preceded a peak in elevated glucose tn the v vivo biological model in
which at feast one test compound in the test sample brought together witls the test system results
in & peak in elevated lactate which precedes a peak in elevated glucose,

Emboediments herein provide continuous administration of an amylin analog according
to methods know in the art. For example, the amylin analog may be provided by either an

mmpiantable drug delivery device such as an osmotic drug delivery device, capable of
22
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continnous amylin administration. Alternatively, the amylin analog may be provided by a non-
implantable drug delivery device. The amylin analog may be provided by infusion devices,
such as pumps, thal continuously administer amylin to a patient. In some embodiments,
contiruous infusion is provided by an external device capable of subcutaneous, intra-muscudar,

intra-peritoneal, intra~-abdominal, intravenous, or any suitable manner of administration.

Insulin therapy for the treatment of type 1 disbetes requires high patient adherence that
requires numerous self-injections,  Insulin therapy is prone to significant fluctuations in serum
glucose concentrations which can drift oulside an intended healthy range of approximately 70
mg/dL to 180 mp/dL. As used herein, the ternt “time-in-range” refers to the fraction of time
(e.g., per day, per week, per month, et} in which a type | diabetic patient maintains, under
therapy, serum  plucose concentrations of approximately 70 mg/dL to 180 mg/dL.
Correspondingly, the term “time-out-of-range” refers to a length of time (e.g., per day, per
week, per month, €t.) in which a type 1 diabelic patient fails to maintain, under therapy, serum
glucose concentrations ol approximately 70 mg/dL to 180 mg/dl.. Hypergtycemia occurs when
the patienl’s serum glucose concentrations excoeds 180 mg/dl.. Hyperglycemia is an unheaithy
condition thai contributes to cardiovascular and microvascular issucs but does not generally
present an imwmediate threat to a patienl’s wellbeing, Hypoglyeemia, by contract, can present
an imymediate threat that can cause a patient to become cognitively impaired, become

BNCONSCIOUS, OF 2O INtO a coma.

The presently deseribed metheds present a significant opportunity to improve the health
and quality of life of type 1 diabetes patients, Advantages of the presently described methods
include significantly simplified treatment regimens, reduced need for ghecose monitoring,
reduced insulin usage and administration, reduced treatment burden, improved quality of life,
reduced risk of hypoglycemia, avoidance of weight gain associated with insulin, reduced
HbAlc and increased time-in-rangs.

In some embodiments, a method is provided of treating type | diabetes in a human
subject, comprising administering to the subject a pharmaceutical composition comprising an
antylin snalog at a therapeutically effective dose:

£i) of at least 5 ug per kilogranm of the subject per day; or

(iiy  that is at or greater than the ED75 dose of the amylin analog,
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Also disclosed herein is a pharmaceutical composilion comprising an anmyiin analog
for use in the treatment of type 1 diabetes i a uman subject, the use comprising
adninistering to the subject a therapeutically effective dose of the amylin analog that is:

{1} at least 5 pg per kilogram of the subject per day; or

(il)  at or greater than the ED75 dosc of the amylin analog.

In sonte embodiments, the method further conprises contimiously maintaining a
concentration of the amylin analog in the subject that is at or greater than the ECT3 dose of
the amylin agonist.

In some embodiments, the method comprises continuous adntinistration ol the amylin
analog. In some embodiments, the method conprises continuous adnunistration of the
antvlin analog via an implantable drug delivery device, T some embodiments, the
implantable drug delivery device in an osmotic drug delivery device.  In some embodiments,
the method comprises continuous administration of the amylin analog via a non-implantalile
drug delivery device.  In some embodiments, the method comprises continuous
administration of the amylin analog via injection twice per week, once weekly injection, or
injection less frequently than onee per week, such as injection once per month ot injection
four times per year. In some embodiments, the amylin analog is pramlintide, In some
embodiments, the amylin analog is compound A2 (SEQ 1D NO:23. In sone embodiments,

the method further comprises separate administration of an insadin.

Uses, Formulation and Administration

Compositions

In some embodiments, an amylin analog polypeptide of the disclosure is co-formulated
in combination with insulin or an insulin derivative. In some embodiments, an amylin analog
polypeptide of the disclosure is eo-formulated in combination with a long-acting basal insulin

or long-acting basal insulin derivative.

In embodiments of this disclosure, compositions are provided comprising amylin, an
amylin analog, insulin, or an insulin analog, or combinations thereof, for treating a patient
suffering from a condition where insufin or amyhin treatment i3 indicated. In cerlain
emybodinients, an amylin analog is provided, alone or in conjunction with an insulin, suitable

for continucus administration in a patient,
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In certain embodiments, this disclosure provides an amylin o insulin molar dose ratio
greater than 1:1, where amylin polency is comparable to currently used amylin agonists, for
example pramlintide. luo altervative embodiments, an anyylin analog with greater potency than
currently used agents is provided, wherein an aniylin 10 insulin molar ratio of 1:1 corresponds
to higher amylin activity than provided in current compositions, Delinitions and
characterization of “aniylinomimetic”, or amylin analog responses necessary for such an
analysis have been previously deseribed (sce e.g. U.S. Patent No, 5,234,906; Young, A, (2003)

Adyances in Pharmacology 52: 151-171 2005).

In some embodiments, the amylin and insulin are provided in a molar ratio
{amylincinsulin} of between about 1:1 to about 67:1, or between about 7:1 to about 67:1, or
between about 1:1 and about 40:1, or between about 2.5:1 and about 35:1, or between about
3:1 and aboui 25:1, or between about 311 {o about 10:1, In still other embodiments, an amylin
composition is provided suitable for delivery lo a paticut at a dosage of at least about 5
nugcrograms per kilogram per day. In other embodiments, ac amylin is provided suitable for
delivery to a patient at & dosage of at least about 6.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, or 4.5

micrograms per kilogram per day.

In some embodiments, an amylin analog polypeptide of the disclosure, withoul being
co-formulated with insulin or an insulin derivative, is adninistered to a subject in combination
with the insulin or an insulin derivative, Le.. as ac adjunct to insulin therapy, ln some
embodiments, an amylin analog peptide of the disclosure, without being co-formudated with
insulin or an insulin derivative, is administered to a subject in combination with meal-time
insulin. In some embodiments, the subject has type 1 disbetes. In some embodiments, the

subject has type 2 diabetes.

ln some embodiments, an amylin analog polypeptide of the disclosure is co-
administered to a human patient with insulin or an insulin derivative to provide a so~called
dual-hormoene “artificial pancreas™ therapy. In some embodiments, an amylin analog
polypeptide of the disclosure, without being co-formulaled with the insulin or insulin
derivative, is co-administered to a subject in combination with the insulin or insulin derivative
io provide dual-hormone “artificial pancreas” therapy. In some ewmbodiments, ac amylin
analog polypeptide of the disclosure is co-formulated with the tnsulin or insulin derivative and
thus singly adminisiered to a subject in combination wilh the insulin or insolin denvative to
provide doal-hormone “artificial pancreas” therapy. In some embodiments, the artificial
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pancreas therapy inchudes rapid acting insulin or a rapid acting insulin derivative. In some
embodiments; the artificial pancreas {herapy includes a long acting or basal insulin or a long

acting or basal insulin dertvative.

Methods of Use

According to another embodiment, the disclosure relates to a method of treating
metabolic disease or disorder in a subject in need of treatment, comprising providing the subject
with an effective amount of an anylin analog polypeptide of the disclosure or a pharmaceutical
composition thereof. Metabolic discases or disorders include type 1 diabetes, type 2 diabetes,
and obesily,  Additionally, the disclosure relates to a method of effecting wetght loss ina
subject, including a diabetic sabject, comprising providing the subject with an effective amoont

of an amylin analog polypeptide of the disclosure.

The disclosure also relates to an amylin analog polypeptide of the disclosure, or a
pharmaceuiical compaosition thercol, for use in the ireatment ol a metabolic discase or disorder
in a subject in need of treatment, the use comprising providing the subject with an effective
amouni of the amylin analog peplide. Additionally, the disclosure relates 1o an amylin analog
polypeptide of the disclosure, or & pharmaceutical composition thereof, for use in effecting
weight loss in a subject, including a digbetic subject, conwprising providing the subject with an

etfective amount of the amylin analog polypeptide,

Amylin analog polypeptides of the disclosure, like insulin, are provided (ie.,
administered} to a diabetic subject to maintain, control, or reduce blood sugar concentrations
in the subject. Diabetic subjects who are treated with an amylin analog polypeptide of the
disclosure as an adjuret to insulin therapy are at risk of hypoglycemia {i.e., low blood sugar),
particularly severe hypoglyeenta,  Ac¢ordingly, reducing the dose of meal time insulin for
digbetic subjects upon treatment with an amylin analog polypeptide of the disclosure is

iniended io decrease the risk of hypoglyeemia, pariicularly severe hypoglycentia,

Severe hypoglycenia, as used herein, refers to an episode of hypoglycemia reguiring
the assistance of another individusl (including help administering oral carbohydrate) or
requiring the administration of glucagon, intravenous glucose, or other medical intervention,

Accordingly, administration of an amylin analog polypeptide of the disclosure, as an
adjunct to insulin therapy, particularly meal-time insulin therapy, generally requires a dose
reduction in the meal-time insulin necessary to properly maintain healthy blood sugar
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concentrations in the subject. In other words, type | or type 2 diabetics who already self-
administer meal-tinme tnsulin at a particular dose before commencing treatment with an amylin
analog polypeptide of the disclosare, will reduce (Tor example, up to 23%, 50%, 753%, or 100%)
ile dose of meal-time insulin they continue to self-administer upon cominencing treatmend with

an amylin analog polypeptide of the disclosure,

In some embodiments, the method comprises providing an amylin analog polypeptide
of the disclosure or a pharmaceuiical composition thereof, {o a subject in need of treatment, via
jection. In some embodiments, the method conprises providing an amylin analog
polypeptide of the disclosure or a pharmaceutical composition thereof, fornwmlated for oral

administration, (o a subject in need of treatment.

In some embodiments, the method comprises providing au amylin analog polypeptide
of the disclosure or a pharmaceuiical composition thereof, {0 a subject in need of treatment, via
implantation, In some embodiments, the method comprises providing continuous delivery of
an amylin analog polypeptide, (o a subject in need of treatment, from an osmotic delivery
device. The delivery device, such as an osmotic delivery device, comprises sulficient amylin
analog polypeptide of the disclosure for continuous administration for up to 3 months, 6
months, ¥ moaths, {2 months, 18 months or 24 months, As such, conlinmuous administration
of an amylin analog polypeptide of the disclosure via osmotic delivery device eliminates daily,
or multiple daily dosing of exisiing amylin analog polypeptides, such as prambintide. Diabetics
who are treated with pramlintide mwust coordinate dosing of pramlintide before meals with
meal-time insulin administered after meals. By contrast, diabetics who are treated with an
amylin analog polypeptide of the disclosure via osmotie delivery deviee, reecive continuous
delivery of the amylin analog polypeptide and need only administer meal-time insulin at

reduced doses,

The substantial steady-state defivery of the amylin analog polypeptide from the osniotic
delivery device is continuous over an administration peried. In some embodiments, the subject
or patient i3 a human sabject or human patieat,

In some embodiments of the present disclosure, the administration period is, for
example, at least about 3 months, at least gbout 3 months 1o aboutl a vear, at least about 4
months to about a year, at least about 3 months to about & year, at least about 6 months to about

a year, at least about ¥ months to about a year, at least about 9 months to about a year, at least
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about 10 months to about a vear, at least about one year to about two years, at least about two

years to about three years,

In further embodiments, the treatment methods of the present disclosure provide
significant decrease in the subject’s fhsting plasma glucose concentration afier implantation of
ihe osmotic delivery device in the subject (relative to the subject’s fasting plasnia glucose
concentration betore implantation of the osmotic delivery device) that is achieved within about
7 days, 6 days, 5 days, 4 days, 3 days, 2 days, 1 day or less after implantation of the osmotic
delivery device in the subject. The significant decrease in fasting plasma glocose is typically
statistically significant as demonstrated by application of an appropriate statistical test or is
considered significant for the subject by a medical practitioner, A significant decrease in fasting
plasma glucose refative to the baseline before implantation is typically maintained over the

administration period,

In sone embodiments, the present disclosure relates to a method of treating a disease
or condition in a subject in need of treatment. The method comprises providing continuous
delivery of a drug from an osmotic delivery device, wherein substantial steady-state delivery
of the drug at therapeutic concentrations is achieved in the subject. The substantial steady-state
delivery of the drug from the osmolic delivery device Is continuous over an adminisiration
period of at least about 3 months, The deug has a known or detenmined hal{-life in a typical
subject. Humauns arve preferred subjects for the practice of ihe methods of the present disclosure.
The present disclosure includes a drug effective for treatinent of the disease or condition, as
well as an osmotic delivery device comprising the deug for use in the present methods of
treating the disease or condition in a subject in need of treatment. Advantages of the methods
of the present disclosure include mitigation of peak-associated drug toxicities and attenuation

of sub-optimal drug therapy associated with troughs.

In some embodiments, the substantial steady-state delivery of a drug at therapeutic
concentrations is achieved within a period of about 1 nwonth, 7 days, 5 days, 3 days or 1 day
after implantation of the osmotic delivery device in the subject,

The disclosure also provides a methed for promoting weight loss in a sebject in need
thercof, a method for treating excess weight or obesity in a subject in need thereof, and/or a
method tor suppressing appetite in a subject in need thereof, The method comprises providing

delivery of an isolated amylin analog polypeptide. In some embodiments, the isolated amylin
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analog polypeptide is continuousty delivered from an imiplaniable osmiotic delivery device. In
sonme embodiments, substantial steady-state delivery of the amylin analog polypeptide from
the osmotic delivery device is achioved and is substantially contingous over an administration

period. In some embodiments, ihe subject is human,

The present disclosure includes an isolated amylin analog polvpeptide, as well as an
osmotic delivery device comprising an iselated amylin analog polypeptide for use in the present

methods in a subject in need of treatment,

In embodiments of all aspects of the present disclosure relating to methods of treating
a discase or condition in a subject, an exemplary osmotic delivery device comprises the
following: an impermeable reservoir comprising inferior and exterior surfaces and fivst and
second open ends: a semi-permeable membrane in sealing relationship with the first open end
of the reservolr; an osmotic engine within the reservoir and adjacent the semi-permeable
membrane; a piston adjacent the osmotie engine, wherein the piston forms a movable seal with
the Interior surface of the reservoir, the piston divides the reserveir into a first chamber and a
second chamber, the first chamber comprising the osmotic engine; a drug formulation or
suspension formulation comprising the drug, wherein the second chamber comprises the drug
fornzutation or suspension formulation and the drug formulation or suspension [ormudation is
flowable; and a diffusion moderator inserted in the second open end of the reservoir, the
diffusion nioderator adjacent the suspension formulation. In preferred embodiments, the

reservolr comprises titanium or a titanium atloy.

In embodiments of all aspects of the present disclosure relating to metheds of treating
a diseasc or condition In a subject, the drug fornmulation can comprise the drug and a vehicle
formudation. Altematively, suspension formulations are used in the methods and can, for
example, comprise 2 particle formulation comprising the drug and a vehicle formwlation,
Vehicle formufations for use in forming the suspension formulations of the present disclosure

can, for example, comprise a selvent and a polymer.

The reservoir of the osmotic delivery devices may, for example, comprise tilanium or

a titantom alioy.

In embodiments of all aspeets of the present disclosure the implanted osmotic delivery

dewvice can be used to provide subcutaneous dehivery.
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In embodiments of all aspects of the present disclosure the continuous delivery can, for

example, be zero-order, controlled contiraous delivery.

In certain embodiments, a continuous administration of an amylin agonist is provided
by an Animas® Vibe™ pump in association with a DexcomG4® PLATINUM conlinuous
glucose monitoring system.  In some embodiments, the punmp adnsinisters both amylin and
mnsulin simultancously. In alternative embodinments, the pump delivers one or other of insutin

r areylin, and another pump or device delivers the remainin ent.
or amylin, and another pump or device delivers the remaining agent

Pharmaceutically acceptable compositions

According o another embodiment, the disclosure provides a composition comprising a
compound, i, isolated polypeptide, of this disclosuwre or a pharmaceutically acceptable
derivative thereofl and a pharmaceutically acceptable carrier, adjuvant, or vehicle. The amount
of compound in compositions of this disclosure is such that is effective to measurably activate
one or more amylin and/or calcitonin receptors, in a biological sample or in a patient. In certain
embodiments, the amount of compound in compositions of this disclosure is such that is
elfective to measurably activate human amylin 3 receptor (hAMY 3} and/or human caleitonin
receptor (RCTR), in the absence or presence of human serum albumin, in a biclogical sample
or in a patient. In certain embodiments, a composition of this disclosure is formwiated for
administration to a patient in need of such composition. In some embodiments, a composition
of this disclesure is formulated for injectable administration to a patient. In some embodiments,
a composition of this disclosure is formulated for administration to a paticnt via an implantable

delivery device such as an osmotic deliver device.

The terms “patient” or “subject™ as used herein, refer to an animal, preferably a

mammal, and most preferably a humaan,

A “pharmaceutically acceptable derivative™ means any non-toxic sali, ester, salt of an
ester or other derivative of a compound of this disclosure that, upon administration to a
recipient, is capable of providing, either directly or indirectly, a compound of this disclosure
or an inlibitorily active metabolite or residue thereof.

The isolated polypeplides of the disclosure (also referred to herein as “aclive
compounds™), and derivatives, fragments, analogs and homologs thereof, can be incorporated
into pharmaceutical compositions suitable for administration. Such compositions typically
comprise the isolated polypeptide, or a pharmaceutically acceptable salt thereol, and a
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pharmaceutically acceptable carrier. As used herein, the torm “pharmaceutically acceptable
carrier” 1 intended to Include any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying agents, and the like, comypatible with
pharmaceutical administration. Suiiable carriers are described in the most recent edition of
Remington’s Pharmaceutical Sciences, a standard reference text in the field, which i
incorporated herein by reference. Preferred examples of such carriers or diluents include, but
are not fimited to, water, saline, ringer’s solutions, dextrose solution, and 5% hwman scrum
afbuntin. Liposomes and non-agueous vehicles such as fixed oils niay also be used. The use of
such media and agenis for pharmaceotically active substances is well known in the art. Except
msofar as any conventional media or agent is incompatible with the active compound, use
thereot in the compositions i1s coniemplaied. Supplementary active conypounds can also be

incorporated into the compositions.

A pharmaceutical composition of the disclosure is formulated to be compatible with its
intended route of adwsimisiration. Exanpies of rouies of administration include parenteral, e.g.,
mntravenous, intradermal, subdermal, subcutancous, oral {e.g., inhalation), transdermal (ie.,
topical), transuwicosal, rectal, or combinations thercof. In some embodiments, a
pharmacentical composition or an isolated polypeptide of the disclosure is formulated for
administration by topical administration. In some embodiments, a pharmaceutical contposition
or an isolated polypeptide of the disclosure is [ormulated for administration by inhalation
administration. In some embediments, the pharmaceutical composition Is formulated for
administration by a device or other suiiable delivery mechanism that is saitable tor subdermal
or subcntancous implantation and delivers the pharmaceutical composition subcutaneonsiy. In
some cmbodiments, the pharmaceutical composition 1s formulated for adminisiration by an
implant device that is suilable for subdermal or subculaneous implantation and delivers the
pharmaceutical composition subcutancousty. In some embodiments, the pharmaceutical
composition is formulated for administration by an osmolic delivery device, ¢.g., an
inypriantable osmotie delivery device, that is suitable for subdermal or subcutancous placement
or other implantation and delivers the pharmaceutical composiiion subcutaneousty. Solutions
or suspensions used for parenteral application, intradermal application, subdermal application,
subcutaneous application, or combinations thereof can include the lollowing components: a
sterile diluent such as water for injection, saline solution, fixed oils, polyethylene glycols,

glycerine, propylene glycol or other synthetic solvents; aniibacterial agenis such as benayl
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alcohol or miethyl parabens; antioxidanis such as ascorbic acid or sodium bisulfite; chelating
agents such as cthylenediamineietraacetic acid (EDTA); buflers such as acctates, citrates or
phosphates, and agents for the adjestiment of tonicily sach as sodiun chieride oy dextrose. The
pH can be adjusied with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials

made of glass or plastic.

Pharmaceuiical compositions suitable for injectable use inclode sterile aqueous
solutions {where water soloble) or dispersions and sterile powders for the extemporancous
preparation of sterife injectable solutions or dispersion. For intravenous administration, suitable
carriers include physiological saline, bacteriostatic water, Cremophor EL (BASFE, Parsippany,
N1 or phosphate buffered saline (PBS). In all cases, the composition must be sterile and
should be fluid to the exient that casy syringeability exists, It must be stable under the
conditions of manufacture and storage and must be preserved against the contaninating action
of microorganisms such as bacteria and Fungi. The carvier can be a solveni or dispersion
medivm containing, for example, water, ethanol, polvel (for example, glycerol, propylenc
glycol, and liquid polyethylene glycol, and the hike), and suitable myixtures thereofl. The proper
fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
mainlenance of the required particle size in the case of dispersion and by the use of surlactants,
Prevention of the action of microorganisms can be achieved by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thinterosal, and
the like. In many cases, it will be preferable to include isotonic agents, lor example, sugars,
polyaicohois such as manitol, sorbitol, sodium chloride in the composition, Prelonged
absorption of the injectable compositions can be brought about by including in the composition

an agent which delays absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active conipound in
the required amount in an appropriale solvent with cne or a combination of ingredients
erumeraled above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporaiing the aciive conypound nto a sterile vehicle that contains a basic
dispersion medium and the required other ingredients [rom those enumerated above. In the case
of sterile powders for the preparation of sterile injectable solutions, miethods of preparation arc
vacuum drying and freeze-drying that yields a powder of the active ingredient plus any
additional desired ingredient from a previously sterife-filtered solution thereof,
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Qral compositions generally include an inert dilnent or an edible carrier. They can be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapentic
adnnistration, the active compound can be incorporated with excipients and used in the formy
of tablets, iroches, or capsules. Oral compositions can also be prepared using a Iuid cacrier for
use as a mouthwash, wherein the compound in the {luid carrier is applied orally and swished
and expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition, The tablets, pills, capsudes, troches and
the like can contain any of the following ingredients, or compounds of a similar nature: a binder
such as microcrystatline celiulose, gum tragacanth or gelating an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such
as magresium stearate or Slerotes; a glidani such as colloidal silicon dioxide; a sweetening
agent such as sucrose or saccharin; or a flavoring agent such as peppermint, mathyl salicylate,

or ovange flavoring.

For administration by inhalalion, the compounds are delivered in the form of an acrosol
spray from pressured container or dispenser which containg a suitable propellant, e.g., 8 gas

such as carbon dioxide, or a nebulizer,

Systentic adminisiration can alse be by transnmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier lo be
permeated are used in the fornmlation. Such penetrants are generally knowa in the art, and
include, for example, for transimucosal administration, detergents, bile salis, and fusidic acid
derivatives. Transmucosal administration can be acconiplished through the use of nasal sprays
or suppositories, For transdermal administration, the active compounds are formulated into

pintnents, salves, gels, or creams as generally known in the art.

In one embodiment, the active compounds sre prepared with carrigrs that will profect
the compound against rapid climination from the body, such as a controlled release
fornwiation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polvanhvdrides,
polyalycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art. The materials can also be obtained
commercially frony Alza Corporation and Nova Pharmaceulicals, Inc. Liposomal suspensions

can also be used as pharmacentically acceptable carriers, These can be prepared according to
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methods known 1o those skilled in the art, for example, as described in U.S. Patent No.

4,522811.

It is especially advantageous to formulate oral or parenteral compositions in dosage unit
form for case of administration and yniformity of dosage, Deosage unit form as used herein
refers 1o physically discrete units suited as unitary dosages for the subject to be treated; each
unit containing a predetermingd quantity of active compound calculated o produce the desired
therapeatic effect in association with the required pharmaceuwtical carrier. The specificaiion for
the dosage unit forms of the disclosure are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic effect to be achieved, and
the limitations inherent in the art of compounding such an active compound for the treatment

of individuals.

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

together with instructions for administration,

Drug Particle Formulaiions

In sonie embodiments, provided herein is a pharmaceutical composition comprising
any of the disclosed polypeptides formulated as a rifluoroacelate salt, acetate salt or
hvdrochloride salt, In some embodiments, provided is a pharmaceutical composition
comprising any of the disclosed polypeptides formulated as a triftuoroacetate sali. In sone
embodiments, provided is a pharmaceutical composition comprising any of the disclosed
polypepiides formulaied as an acetate salt, In some embodiments, provided is a pharmaceutical

composition comprising any of the disclosed polypeptides formulated as a hydrochloride salt.

Compounds, i.e., 1solated polypeptides or pharmaceutically acceptable salis thereof, for
use in the practice of the methods of the present disclosure are typically added to particle
formulations, which are used o make polypeptide-containing particles that are uniformly
suspended, dissolved or dispersed in a suspension vehicle to form a suspension formulation.
In some embodiments, the amylin analog polypeptide Is formulated in a particle formulation
and converted (e.g,, spray dried) to particles, In some embodiments, the particles comprising
the amvlin analog polypeptide are suspended in a vehiele formulation, resuliing in a suspension
formuiation of vehicle and suspended particles comprising the anyylin analog polypeplide.

Preferably, particle formulations are formable into particles using processes such as
spray drying, lyophilization, desiceation, freeze-drying, milling, granulation, ultrasonic drop
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creation, crystailization, precipitation, or other techniques avatlable in the art for forming
particles from a mixtare of components, In one envbodinient of the disclosure the pariicles are

spray dried. The particles are preferably substantially uniforny in shape and size.

In some enthodiments, the present disclosure provides drug particle formulations for
pharmaceutical use, The particle formulation typically comprises a drug and includes oue or
more stabilizing component (also referred 1o herein as “excipienls™). Examples of stabilizing
components include, but are not limited to, carbohydrates, antioxidants, amino acids, buffers,
inorganic compounds, and surfactants. The amounts of stabilizers in the particle formulation
cant be determiined experimentally based on the activities of the stabilizers and the desired

characteristics of the formulation, in view of the teachings of the present specification.

In any of the ensbodiments, the particle fornmlation may comprise about 50 wt % to
about 90 wt % drug, about 50 wt % to about 85 wt %0 drug, aboul 55 wt % to about 90 wi %
drug, about 60 wt % to about 90 wi % drug, about 65 wt % to about 8BS wt % drug, about 65 wt
%o to about 90 wt % drug, about 70 wi % to aboul 90 wt % drug, about 70 wt % to about 85 wt

% drug, about 70 wi % to about 80 wt % drug, or about 70 wt % to about 75 wt % drug.

Typically, the amount of carbohydrate in the particle formulation is determined by
aggregation concerns, In general, the carbolyydrate amount should ot be toe high so asto avoeid

promoting crystal growth in the presence of water due to excess carbohydrate unbound to drug.

Typically, the amounl of antioxidant in the particle formulation is determined by
oxidaiion concerns, while the amouni of amino acid in the formulation is determined by

oxidation concerns and/or fornwability of particles during spray drying.

Typically, the amount of buffer in the particle formulation i3 determined by pre-
processing concerns, stability concerns, and formability of particles during spray drving. Buffer
may be required to stabilize drug during processing, e.g., solotion preparation and spray drying,

when all stabilizers are solubilized.

Examples of carbohydraies that may be included in the particle formulation include,
but are not limited Lo, monesaccharides (e.g., (ructose, mallose, galactose, glucose, D-mannose,
and sorbose), disaccharides (e.g., lactose, sucrose, trehalose, and cellobiose), polysaccharides

fe.g., raffinose, melezitose, maltodextrins, dextrans, and starches), and alditols {acvelic

polyols; e.g., mannilol, xylitol, maltitol, lactitol, xylitol sorbitol, pyranosyl sorbitol, arsd
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myoinsitol). Suitable carbohydrates include disaccharides and/or non-reducing sugars, such ag

sucrose, trehalose, and raffinose.

Examples of antioxidants that may be included in the particle formulation include, but
are not Hmited to, methionine, ascorbic acid, sodium thiosulfate, catalase, platinum,
ethylenediaminetetraacetic acid (EDTA), citric acid, cysieine, thioglveerol, thioglycolic acid,
thinsorbitol, butylated hydroxanisol, butylaled hydroxyholuene, and propyl gallate. Further,
amino acids that readily oxidize can be used as antioxidanis, for example, cvsicine, methionine,

and tryplophan,

Examples of amino acids that may be incladed in the particle formulation include, but
are not limited to, arginine, methionine, glveine, histidine, alanine, leucine, glutamic acid, iso-
leucine, L-threonine, 2-phenylamine, valine, norvaline, proline, phenyialaning, tryptophan,
serine, asparagines, cysteine, tyrosing, lysine, and norleucine, Suitable amino acids include

those that readily oxidize, e.g., cysteine, methionine, and tryptophan.

Examples of buffers that may be included in the particle formulation include, but are
not limited 1o, citrate, histiding, succinate, phosphate, maleate, tris, acetate, carbohydrate, and

gly-gly. Suitable buffers include citrate, histidine, succinate, and tris,

Exaniples of inorganic compounds that may be included in the particle formulation
inclade, but are not imited to, NaCl, Na2S04, NaHCO3, KCl, KH2PO4, CaCl2, and MgCl12.

In addition, the particle formulation may include other stabilizers/excipients, such as
surfactants and salts, Examples of surfactants include, but are not limited to, Polysorbate 20,
Polysorbate 80, PLURONIC® (BASF Corporation, Mount Olive, N.I.) F68, and sodium
dodecyl sulfate (SDS). Examples of salis include, but are not limtled to, sodium chloride,

calcium chioride, and magnesium chloride.

The particles are typically sized such that they can be delivercd via an implantable
osmoltic delivery device. Uniform shape and size of the particles typicaily helps to provide a
consistent and uniform rale of release from such a delivery device; however, a particle
preparation having a non-normal particle size distribution profile may aiso be used. For
example, in a typical implantable osmotic delivery device having a delivery orifice, the size of
the particles is less than about 30%, more preferably is less than about 20%, more preferably
is less than about than 1099, of the diameter of the delivery orifice. In an entboadintent of the
particle formuation for use with an osmotic defivery system, wherein the delivery orifice
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diameter of the implant is about 0.5 mm, particle sizes may be, for example, less than about
150 microns to about 50 microns, In an embodiment of the particle formulation for use with an
osmotic delivery system, wherein the delivery orifice diameter of the tmplant is gbout 0.1 mm,
pariicle sizes may be, lor example, less than about 30 microns to about 10 microns. In one
embodinient, the orifice is aboud 6.25 mm (250 microns) and the particie size is about 2 nyicrons

to about 5 nticrons,

Those of ordinary skill in the art will appreciate ihat a population of pariicles follow
principles of particle size distribution. Widely used, art-recognized methods of describing
particle size distributions include, for example, average diameters and D values, such as the
D30 value, which is commonly used to represent the mean diameter of the range of the particle

sizes of a given sample,

Particles of a particle lormulation have diameters of between about 2 microns 10 about
150 micron, ¢.g., less than 150 microns in diameter, less than 100 microns in diameter, less
than 30 microns in diameter, less than 30 microns in diameter, less than 10 microns in diameter,
less than 5 microns in diameter, and aboui 2 microns i diameter. Preferably, particles have

diameters of between about 2 microns and about 30 microns,

Particles of a particle formulation comprising an isolated amvlin analog polypeptide
have average diameters of between about 0.3 niicrons to about 130 microns. Particles of a
particle formulation comprising an isolated amylin analog polypeptide have average diameters
of between about 2 microns to about 150 microns, e.g, less than 150 microns in average
diameter, less than 100 microns in average diameter, less than 50 microns in average diameter,
less than 30 microns in average diameier, less than 16 microns in average diameter, less than
5 microns in average diameler, and about 2 microns in average diameter. In some embodiments,
pariicles have average diameiers of between about 0.3 microns and 50 microns, for example,
between about 2 microns and about 50 microns. In some embodiments, the particles have an
average diameter between 0.3 microns and 50 microns, for example, between about 2 microns
and about 50 microns, where each particle is less than about 50 microns in diameter,

Typically, the particles of the pagticle fornmudations, when incorporated 10 a suspension
vehicle, do not settle in less than about 3 moanths, preferably do not settle in less than about 6
months, more preferably do not settle in fess than about 12 months, more preferably do not

settle in less than about 24 months at delivery temperature, and most preferably do not settle in
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less than about 36 months at delivery temperature. The suspension vehicles typically have a
viscosity of between about 5,000 to abooi 30,000 poise, preferably between about 8,000 to
about 25,000 poise, more preferably between about 10,000 to about 20,000 peise. In one
enthodinent, the suspension vehicle has a viscosity of about 15,000 poise, plas or minus about
3,000 poise. Generally speaking, smaller particles tend to have a lower settling rate in viscous
suspension vehicles than larger particles. Accordingly, micron- to nano-sized particles are
typically desirable. In viscous suspension formulation, particles of about 2 microns to abowt 7
microns of the present disclosure will not setile for at least 20 years at room temperature based
on simulation modeling studies. In an emabodiment of the padticle formulation of the preseni
disclosure, for use in an implantable osmotic delivery device, comprises particles of stzes less
than about 30 microns, more preferably less than about 10 microns, move preferably tu a range

from abowt 2 microns lo about 7 microns.,

o summary, disclosed polypeptides, or pharmaceutically acceptable salts thereof, are
formudated into dried powders in solid state pariicles, which preserve maximum chemical and
biological stability of the drug. Particles offers long-ternm storage stability at high temperature,
and therefore, allows delivery to a subject of stable and biologically effeciive drag for exiended

periods of time. Particles are suspended in suspension vehicles for administration to patients,

Puarticle suspensions in vehicles

In one aspect, the suspension vehicle provides a stable environment in which the drug
particle formulation is dispersed. The drug particle formulations are chemically and physically
stable (as described above) in the suspension vehicle. The suspension vehicle typically
comprises one or more polymer and one or mote solvent that form a solution of sufficient
viscosity to untformly suspend the particles comprising the drug. The suspension vehicls may
comprise further components, including, but not limited to, surfactants, antioxidants, and/or

other compounds sofuble in the vehicle,

The viscosity of the suspension vehicle is typically sufficient to preveat the drg
particle formulation from settling during storage and use in a method of delivery, for example,
in an unplantable, osmotic delivery device. The suspension vehicle is biodegradable in that the
suspension vehicle disintegrates or breaks down over a period of time in response © a
biological environment, while the drug particie is dissolved in the biological environment and

the active pharmaceutical ingredient (i.e., the drug) in the particle is absorbed.
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In embodiments, the suspension vehicle is a “single-phase” suspension vehicle, which
is a solid, semisolid, or Hiquid homogeneous systen that is physically and chensically uniform

thronghout,

The solvent in which the polymer is dissolved may alfect characteristies of the
suspension foramdation, such as the behavior of drug particle Tormulation during storage. A
sotvent may be selected in conbination with a polymer so that the resuliing suspension vehicle
exhibits phase separation upon contact with ihe aqueous environment, In some embodiments
of the disclosurg, the solvent may be selected in combination with the polymer so that the
resulting suspension vehicle exhibits phase separation upon contact with the agueous

environment having less than approximately about 10% water,

The solveat may be an acceptable solvent that is not miscible with water. The solvent
may also be selected so thai the polymer is soluble in the solvent ai high concentrations, such
as at a polymer concentration of greater than about 30%. Examples of solvents useful in the
practice of the present disclosure include, but are not Himited to, lauryl alcohol, benzyl
benzoate, benzyl alechol, lauryl {actate, decanol (also called decyl aleohol), ethyl hexyl lactate,
and long chain (C§ to C24) aliphatic alcohols, esters, or mixtures thereof, The solvent used in
the suspension vehicle may be “dry,” in that it has a low moisture content. Preferred solvents
for use in formulation of the suspension vehicle include lanryl lactate, lauryl alcohol, benzyl

benzoate, and mixtures thereof,

Examples of polymers for formulation of the suspension vehicles of the preseat
disclosure include, bwt are not limited to, a pelyester (e.g., polylactic acid and
polyvlacticpolyglycolic acid), a polymer comprising pyrrolidones (e.g., polyvinvlpyreolidone
having a molecular weight ranging from approximately 2,006 to approximately 1,000,000),
ester or ether of an unsaturated alcohol {e.g., vinyl acetate), polyoxyethylenepolyosypropylene
block copolymer, or mixtures thereof. Polyvinyipyrrolidene can be characterized by its K-value
(e.g, K-17), which is a viscosity index. In one cmbodiment, the polymer is
polyvinylpyrrolidone having a molecular weight of 2,000 to 1,000,000, In a preferred
embodiment, the polymer is polyvinylpyrrolidone K-~17 {typically having an approximate
average molecular weight range of 7,900-10,808). The polymer used in the suspension vehicle
may include one or mwore different polymers or may include different grades of a single
polymer. The polymer used in the suspension vehicle may also be dry or have a low moisture

content.
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Generally speaking, a suspension vehicle for use in the preseat disclosure may vary in
composition based on the desired performance characieristics. 1o one embodimeni, the
suspension vehicle may comprise about 46 wt %o 1o about 80 wi % polymer(s) and about 20 wt
% to about 60 wt % solvent(s). Preferred embodiments of a suspension vehicle include vehicles
formed of polymer(s) and solveni(s) combined at the following ratios; about 25 wt % solvent
and about 75 wt % polvmer; about 50 wi % solvent and about 50 wt % polymer; about 75 wt
% solvent and about 25 wi % polymer. Accordingly, in some embodiments, the suspension
vehicle may comprise selected components and in other embodiments consist essentially of

selected components.

The suspension vehicle may exhibit Newtonian behavior, The suspension vehicle 8
typically formulated to provide a viscosity that maintains a uniform dispersion of the particle
formulation for a predetermined period of time. This helps faciliate making a suspension
formulation tailored fo provide controfled delivery of the deug contained in the drug particle
formulation. The viscosity of the suspension vehicle may vary depending on the desired
application, the size and type of the particle formudation, and the loading of the particle
foromulation in the suspension vehicle, The viscosity of ihe saspension vehicle may be varied

by altering the type or relative amount of the sobvent or polymer used,

The suspension vehicle may have a viscosity ranging from about 100 poise to about
1,000,000 poise, preferably from about 1,000 poise to about 100,000 poise. In preferred
cmbodiments, the suspension vehicles Lypically have a viscosity, at 33° C., of batween about
5,000 to about 30,000 poise, preferably between about 8,000 to about 23,000 poise, more
preferably between about 10,000 to about 20,000 poise. 1n one embodiment, the suspension
vehicle has a viscosity of about 15,000 poise, plus or minus about 3,000 poise, at 33° C, The
viscosity may be measured at 33° C., at a shear rate of 10-d/sec, using a parallel plate

rheoimeter.

The suspension vehicle may exhibit phase separation when contacted with the agueous
environment; however, lypically the suspension vehicle exhibits substantially no phase
scparation as # function of femperature. For example, at a temperature ranging from
approximately 0° C. to approximately 70° C. and upon iemperaiure cyveling, such as cvcling

fromy 4% C. 10 37° €. to 4% (., the suspension vehicle typically exhibits no phase sepasation.
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The suspension vehicle niay be prepared by combining the polymer and the solvent
under dry conditions, such as in a dry box. The polyuer and solvent may be combined at an
elevated femperature, such as from approximately 40° €. {0 approximately 70% €., and aliowed
io liquefly and lorm the single phase. The ingredients may be blended under vacuum io remove
air bubbles produced from the dry ingredients. The ingredients may be combined using a
conventional mixer, such as a dual helix blade or similar mixer, set at a speed of approximately
40 rpm, However, higher speeds may also be used to mix the ingredients. Onee a Hguid solution
of the ingredients is achieved, the suspension vehicle may be cooled to room temperature.
Differential scanning calorimetry {(DSC) may be used to verify that the suspension vehicle is a
single phase. Further, the components of the vehicle (e.g., the solvent and/or the polymer) nyay
be treated fo substantially reduce or substantially remove peroxides (e.g., by treatment with

nwethionine; see, e.g., ULS., Patent Application Publication No. 2007-0027103).

The drug particle formulation is added to the suspension vehicle to form a suspension
formulation. ln some embodiments, the suspension formulation may comprise a drug pariicle
fornyutation and a suspension vehicke and in other embodiments consist essentiafly of a drog

particte formuolation and a suspension vehicle.

The suspension Tornwlation may be prepared by dispersing the parlicle formulation (n
the suspension vehicle. The suspension vehicle may be heated and the particle formulation
added io the suspension vehicle under dry conditions. The ingredients may be mixed uader
vacuum at an elevated temperature, such as (rom about 40° C. to about 70% €. The ingredients
may be mixed at a sufficient speed, such as from about 40 rpm to about 120 rpm, and for a
sulficient amount of time, such as about 15 minules, to achieve a uniform dispersion of the
particle formulation in the suspension vehicle. The mixer may be a dual helix blade or other
suitable mixer. The resulting mixture may be removed from the mixer, sealed in a dry container
lo prevent water fron: contaminating the suspenston (ormulation, and allowed to cool to room
temperature before further use, for example, loading inte an tplantable, drug delivery device,

unit dose containes, or multipie-dose container,

The suspension formulation typicaily has an oversll moisture content of less than about

10 wt %o, preferably less than about 5 wi %, and more preferably less than about 4 wt %,
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In preferred embodiments, the suspension formulations of the present disclosure are
substantially homogeneous and flowable to provide delivery of the drug particle formulation

from the osmotic delivery device to the subject.

In summary, the components of the suspension vehicle provide biocompatibility.
Components of the suspension vehicle offer suitable chemico-physical propetties to form siable
suspensions of drug particle formulations. These properties inchude, but are not limited to, the
following: viscosity of the suspension; purity of the vehicle; residual moisture of the vehicle;
density of the vehicle; compatibility with the dry powders; compatibility with implantable
devices; molecular weight of the polymer; stability of the vehicle; and hydrophobicity and
hydrophilicity of the vehicle, These properties can be manipulated and controlled, for example,
by variation of the vehicle composition and manipulation of the ratio of components used in

the suspension vehicle.

The suspension formulations described herein may be used in an implantable, osmotic
delivery device to provide zero-order, continuous, controlled, and sustained delivery of a
compound over an extended period of time, such as over weeks, months, or up to about one
year or more, Such an implantable osmotic delivery device is typically capable of delivering
the suspension formudation, comprising the drug, at a desired flow rate over a desired period
of time. The suspension formulation may be loaded into the uimplantable, osmotic delivery

device by conventional technigoes,

Implantable Delivery

A dose and delivery rate can be selected to achieve a desired blood concentration of a
drug generally within less than about 6 halflives of the drug within the subject afier
implantation of the device. The blood concentration of the drug is selected to give the optimal
therapeutic effects of the drug while avoiding undesirable side effects that may be induced by
excess concentration of the drug, while at the same fime avoiding peaks and troughs that may

mduce side effects associated with peak or trough plasma concentrations of the drug.

The implantable, osmotic delivery device typically includes a reservoir having at least
one orifice through which the suspension formulation is delivered. The suspension formufation
niay be stored within the reservoir. In a preferred embodiment, the implantable, drug delivery
device is an osmotic delivery device, wherein delivery of the drug 1s osmotically driven. Some

osmotic delivery devices and their component parts have been described, for example, the
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DUROSE delivery device or similar devices (see, e.g., U.S. Pat. Nos. §,609,885; 5,728,396;
5,985,305; 5,997,527; 6,113,938; 6,132,420; 6,156,331; 6,217,906; 6,261,584; 6,270,787,
6,287,295; 6,375,978; 6,395,292, 6,508,808; 6,544,252; 6,635.268; 6,682,522, 6,923,800;
6.939,556; 6,976,981; 6,997,922: 7,014,636; 7,207,982; and 7,112,335; 7.163,688; U.S. Patent
Publication Nos, 2005/0173701, 2007/0281024, 20080091176, and 2009/0202608).

The osmotic delivery device typically consists of a cylindrical reservolr which contains
the osnolic engine, piston, and drog formulation, The reservoir is capped at one end by a
controlled-rate, semi-permeable membrane and capped at the other end by a diffusion
mioderator through which suspension formulation, comprising the drug, is released from the
drug reservoir, The piston separates the drug formudfation from the osmotic engine and utilizes
a seal to prevent the water in the osmotic engine compartment from entering the drug reservoir,
The ditfusion moderator is designed, in conjunction with the drug formulation, to prevent body

uid from eatering the drug reservoir through the onifice.

The osmotic device releases a drug at a predetermined rate based on the principle of
osmosis, Extracelfular fluid enters the osmotic delivery device through a semi-permeable
membrane directly into a salt engine that expands to drive the piston at a slow and even delivery
rate. Movement of the piston forces the drug formulation to be released through the oritice ot
exit port al a predetermyined shear rate. In one embodiment of the present disclosure, the
reservoir of the osmotic device is loaded with a suspension formulation wherein the device s
capable of delivering the suspension fornmudation to a sabject over an extended period of time
{e.n., about 1, about 3, about 6, about 9, about 10, and abous 12 months) at a pre-determined,

therapeuatically effective delivery rate.

The release rate of the drug from the osmotic delivery device typically provides a
subject with a predetermined target dose of a drug, for example, a therapewtically effective
daily dose dehivered over the course of & day; that is, the release rate of the drug [rom the
device, provides substantial steady-state delivery of the drug at a therapeutic concentration to

the subjeet.

Typicaily, for an osmotic delivery device, the volume of a beneficial agent chamber
comprising the beneficial agent formulation is between about 100 pi to about 1000 pl, more
preferably between about 120 ul and about 500 pd, more preferably between about 150 pl and

about 200 pl.
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Typically, the osmotic delivery device is implanted within the subject, for example,
subdermally or subcutanecusly io provide subcutancous drog delivery. The deviee(s) can be
mplanted subdermally oy subcutaneously into either or both arms (e.g., in the inside, cutside,
or back of the upper arm) or the abdomen. Preferred locations in the abdominal area are under
the abdominal skin in the area extending below the 1ibs and above the belt line. To provide a
number of locations for implantation of one or more osmotic delivery device within the
abdomen, the abdominal wall can be divided into 4 quadrants as follows: the upper right
quadrant extending at least 2-3 centimeters below the right ribs, ez, at least about 5-8
certimeters below ihe right ribs, and at {east 2-3 centimeters to the right of the midline, e.g., at
least about 3-8 centimeters 1o the right of the midiine; the lower right quadrant extending at
least 2-3 centimeiers above the belt line, e.g., at icast aboni 5-8 centimeters above the belt ling,
and at least 2-3 centimaters to the right of the midline, e.g., at least about 3-8 centimaters to the
right of the midline; the upper left quadrant extending at least 2-3 centimeters below the left
ribs, e.g., at feast about 5-8 centimeltery below the left ribs, and at least 2-3 centimeters to the
left of the midline, e.g., at least about 5-8 centimeters to the left of the midline; and the fower
left quadrant extending at {east 2-3 centimeters above the belt line, e.g. at least about 3-8
centimeters above the belt line, and at feast 2-3 centimeters to the feft of the midhine, e.g., at
least aboui 3-8 centimeters 1o the lefi of the undline. This provides muliiple available locations
for implantation of ong or more devices on one or more occasions. Implantation and removal
of osmotic delivery devices are generally carried out by medical professionals using local

anesthesia (e.g., lidocaing),

Termination of treatment by removal of an osmotic delivery device [rom a subject (s
straighiforward, and provides the inyportant advantage of inwmediaie cessation of delivery of

the drug to the subject.

Preferably, the osmotic delivery device has a (ail-safe micchanism to prevent an
inadvertent excess or bolus delivery of drug in a theoretical situation like the plugging or
clogging of the outlet (diffusion moderator} through which the drug formulation is delivered.
To prevent an inadvertent excess or bolus delivery of drog the osmotic delivery device is
destgned and constructed such that the pressure needed to partiatly or wholly dislodge or expel
the diffusion moderator from the reservoir exceeds the pressure needed to partially or whelly
dislodge or expel the semi-permeable membrane to the extent necessary to de-pressurize the

reservolr, I such a scenario, pressure would build within the device until it would push the
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semi-permeable membrane at the other end outward, thereby releasing the osmotic pressure.
The osmoiic delivery device would then become static and no longer deliver ihe drug

formuiation provided that the piston is in a scaling relationship with the reservoty,

The suspension fornwlations may alse be used in infusion pumps, for examiple, the
ALZET® (DURECT Corporation, Cupertino, Calill} osmolic panips which are miniature,

mnfusion pumps for the continuous dosing of laboratory animals (e.g., mice and rats).
Kits

The present disclosure also provides a kif for treating type 1 diabetes, comprising an
amylin anatog, in a unit dosage that is (1) at least 5 pg per kilogram of the subject per day or
(i} at or greater than the ED75 dose of the amylin analog. In some embodiments, the kits

provide the amylin analog in a form that is compatible with continnous administration,

In cerlain embodinwents, the kit comprises a pharmaccutical composition of the
disclosure. In some embodiments, the kit comprises a pharmaceutical composition comprising
an amylin analog of the disclosure and a pharmaceutically acceptable carrier, adjuvant, or

vehicle.

In certain embodiments, the kit comprises an implantable, osmotic delivery device of
the disclosure. In certain crubodiments, the kit comprises an amylin analog of the disclosure oy

a pharmaceutical composition thereof.
In some embodiments, the kit further comprises an insudin.

In certain embodiments, the kit includes a sealed container approved for the storage of
pharmaceutical compositions, the container containing one of the above-described
pharmaceutical compositions. I some cuibodiments, the sealed container minimizes the
contact of air with the ingredients. An instruction for the use of the composition and the

information about ihe composition are to be included i the kit.

The kits provided herein may inchude prescribing information, for example, to a
patient or health care provider, or as a label in a packaged pharmacentical fornmlation,
Prescribing information may include, for example, efficacy, dosage and admimstration,
contraindication and adverse reaction information pertaining to the pharmaceutical

formulation,

.
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A kit provided herein can be designed {or conditions necessary 1o properly maintain
the coraponents housed therein (e.g., refrigeration or freczing). A ki can contain a fabel or
packaging insert including identifying information for the componguts therein and
instructions lor their use {e.g., dosing parameters, clinical pharmacology of the active
ingredient(s), including mechanisni(s) of action, pharmacokinctics and pharmacodynamics,

adverse effectls, contraindications, et¢. ),

Each component of the kit can be enclosed within an individual container, and all of
the various containers can be within a single package. Labels or inserts can inchude
nuanufacturer infornation such as lot numbers and expiration dates, The label or packaging
mnsert can be, €., mtegrated into the physical structure housing the components, contained

separately within the physical structure, or aflixed o a component of the kit,

Example

The following example is pul forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to practice the methods of the present
disclosure and is not intended to limit the scope of what the inventors regard as the invention.
Efforts have been made to ensure accuracy with respect 10 numbers used (e.g., amounts,
concenirations, and percent changes) but some experimental ervors and deviations should be
accounted for. Unless indicated otherwise, temperature is in degroes Centigrade and pressure

is at or near atmospheric,

Example I1; Preclinical assessment of constant high amylin analog activity in association

with insulin therapy for treatment of type 1 diabetes
Methods
Antnal Model

Male Wistar rats are implanted intraperitoneally (sensor in abdominal aorta) with an
HD-XG continuous glucose monitor {Data Sciences, St Paul, MN) (Brockway, Tiesma et al.
2015). This sysiem allows up to 8 weeks of continuous capture of blood glucose concenirations,

Upon recovery from surgery and resumption of normal food inlake, capture of glicose

readings begins 50 as to include at least 4 days of non-diabetic record for each rat,
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To induce insulinopenic (type 1) diabetes, rats are fasted overnight and administered an
intravenons dose of streptozotocin (STZ) of 60 mg/kg (Gajdosik, Gajdosikova el al. {999).
(lueose readings from the telemetry system are nsed to enhavce survival post-STZ, by s.e.
glucose supplementation in the event ol hypoglycemia that ofterr accompanies an initial release
of insulin folfowing B-cell toxicity. The telemetry is then vsed to affirm hyperglycemia (mean
plasma glucose >300 mg/dL), and to determine if a second STZ treatment is necessary for rats
that are not sufliciently hyperglyceniic,

Upon becoming hyperglyceniic, aninsals are treated daily with a sliding-scale of a fong-
geting insulin (insulin detemir; Levemir NOVQ) so as to eliminate wrinary ketones, but
maiatain 5% glycosuria, as determined by dady KETOSTIX and GLUCOSTIX testing,

respectively (Young, Crocker ¢f al. 1991},
Freatments

Animals are assigned to one of 3 cohorts of insulin dosing (n=5/cohort). One cohort is
defined as that necessary 1o attain ~ve urinary ketones and +ve urinary glucose, as just
described, but not greater than a total dose of 2 U/day. A sccond cohort is a high insulin dose
cohort, 3x greater than cohort 1. A third cohort is one where insulin dose is 30% of that of
cohort 1,

Following at least T week of insulin dose stabilization, animals are entered into cach of
5 supplemiental ireatmenis comprising admvinistration of the long-acting amylin agonist,
compound AZ, at doses of 1, 3, 10, 30 or 100 pg/day as a single daily injection, i addition lo
the fixed daily Levemir dose. (Alternatively, these studies could utilize relatively short-acting
pramiintide as an amylin analog.) The % of compound A2 is 32-37 hours in the ral, similar to
that of albumin-bound insulin detemir. Daily dosing of cach thercfore maintains relatively
constant concentrations of each, and a relatively ratio of concentrations.

Each dose level of compound A2 1s miaintained for 1 week, during which glucose daia
1% captured via telemetry, The order in which doses of compound A2 are changed is determined
by & 5% 5 orthogonal latin square. That is, cach animal receives each dose of compound A2, but
in an order thal is unique relative to that of the other 4 ammals 1 the same insulin cohort. This
treatment balances out time-dependent or order-dependent changes in metabolic statas of each
animal, such as regeneration of insulin seeretory capacity, and accommodation (o the effects

of an amylin agenist. An example of such a latin square is shown in Table 3.
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Table 3. Qrder of each of § treatmenis (1-3} shown top-to-bottom in columny jor each of 3

different rats.

112]3|4]5
21315114
3|S]42]1
41112]5]|3
S141113]2

Datg Analysis

Plasma glucose values from the final 4 days of cach insulin/A2 combination are
aggregated and analyzed according to frequency of occurrence {cumulative distributions).
Analogous 1o the time-in-range (TIR) assessment of clinical benefit {sometimes termed
“clinical utility”} in human diabetes trials (Beck, Bergenstal et al. 2018), glucose values are
categorized within bins (<70, 70-188, and >180 mg/di.). Further cuts (>250 mg/dL.) are also
made. Parametric descriptors ol glucose values are also derived for each combination {(mean
and SD vahues, linear ard logarithnyic, where data are not normal but are log-normal}).

Data interpretation

Higher benefit (i.e., utility) is indicated when TIR is greatest, with the proviso that values
below 70 mg/dL are not more frequent. Higher benefit is also indicated when the SD for the
distribution of glucose values is feast.

Potential Results: Distribution of pre- and post-STZ blood glucose values

The cumulative distribution of blood gluocose values before and after STZ treatment is
shown in Figure 1. The range 70-180 mg/dl. is shown by the vertical dotied lings. 98.5% of
pre-STZ values fell within the range (TIR = 98.8%). The value post-STZ treated with 2U/day
2

Levemir was 64.9%: 5.8% of values were <70 mg/dL..

Hazard Indices
Blood Glucose Concentrations. Time Below 70 mg/dL thypoglyeemic)

Higher insudin doses, in ihe absence of compound A2, markedly increase the propostion
of time spent below 70 mg/dl.. Higher numerical values indicale greater intensity of the hazard

indicia,
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Table 4: Ratios of insulin (U/day) and compound A2 (ng'kg'day) separately co-administered.

Values in each cell correspond to “hazard fndices”™ wherein higher values are ascribed to less

etficacious ratios that promote hypoglycemia.

wnits (U) A2 administration in gghg'day
fisulin gty 13 10 130 160
per day

Pre STZ { 0.6

Thday (1.2 112 |12 312 111 110
20/day 158 158 |58 157 153 146
6U/May 1 183 1183 | 182 117911721146

Note from Table 4 that relatively high doses of fong acting insulin (6U/day) correspond to

less efficacious ratios that perimit relatively high “hazard indices™ for the onset of

hypoglycemia.

Blood Glucose Concentrations: Time dbove 180 mgidL ¢hyperglycemic)

Lower insulin doses, in general, are associated with a greater proportion of glucose

values being greater than 180 mg/dl.. This proporlion is reduced with concomitant

administration of compouwnd A2, Higher numerical values indicate greater intensity of the

hazard indicia,

Table 5: Ratios of insulin (Usday) and compound A2 {(pg'kg/day) separately co-adminstered

wnits (U} A2 administration in pgke'day
insulin 1oty l3 0 qgp 130 100
per day

Pre STZ 0.2

1U/Mday (602 1598 399 15601476 18.1
2U/day 12941202 | 28812731232 88
6UMay {28 128 |27 126 122 10K

Note from Table 5 that relatively low doses of long acting insulin (6U/day) and low doses of

compound AZ (0-10 pg'kg/day; correspond to less elficacions ratios thatl permil relatively

high “hazard indices” for the onset of hyperglycemia.
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Benefit Indices

Time in Range

Proportion of time spent above 70, but below 180 mg/dL is shown below. The highest
nuntber occurred with high insulin dosing and high compound A2 dosing. However, the high
inselin dosing also carried a nnch higher risk of hypoglycemia. Therefore, a time-in-range
index of benefit is generated (Table 6). Higher numerical values indicate greafer intensity of

the benefit indicia (Le., where TIR is greatest),

Table 6: Ratios of insulin (1/day) and compound A2 (pg'ke/day) separately co-administered

units {L7) A2 administration in pgkesday

imsulin 1o Ly |3 10 130 160
per day
Pre STZ { 99.2
Hiday 139513901399 :428:351,3:81.0
2U/day 1649 1650 | 655 167017131865
6U/ay [ 789 179.0| 79.1 1 79.5 { 80.6 | 84.5

Note from Table 6 that relatively high doses of compound A2 {100 pg/'kg/day), even when
separately co-administered with low doses of long acting insulin (1U/day) correspond to
niore etficactous ratios that permit relatively high “benefit indices™ for time-in-range {TIR,
1.e., the time during which a type 1 diabetic patient maintains blood glucose concentrations of

approximately 70 mg/dL to 180 mg/dl).

Hypo dvoidance Index

The time-in-range benefit index of Table 6, often used to describe the benefit of
different therapeutic interventions, falls to accommodate the reality that the hazards of
hvpergiveemia and hypogiveemia are not necessarily symmetrical.  Prolonged pertods of
hyperglycemia promote irreversible microvascular disease, and are to be avoided in gencral.
Hyperglycemia also invokes osmotic and clectrolyte disturbances and is to be avoided on that
basis. However, exeursions into the hyperglycemic range for periods of an hour, for example,
do not convey the hazard as excursions inte the hypoglycemie range of the same duration. The
hazard of hypoglvcemia is rarely cytotoxie, but is more typicaily contaxtual, and relates to foss

of volitional control in situations where control is necessary. Examples wctude driving,
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operating machinery, or during childcare. To accommodate a supreme need to avoid acute
hypoglycemia, an index is constructed here to reflect the asymmetry of hazards, This benefit
index is weighted such that the hazard of being below 70 mg/dl. is 5x greater than the hazard
of being over 180 mg/dl., Higher nunmerical values indicate greater intensity of the benefit
indieia (1.¢., where TIR i3 greatest, accounting for the weighted reduction of hazards). The
most beneficial ratios now shift to lower insulin dosing and high lxed dosing of compound

A2, in contrast o the pattern shown in Table 6 for ime-in-range;

Table 7: Ratios of insulin (Uiday) and compound A2 (pg'ke/day) separately co-administered

unity (U} | A2 administration in ugke'day
fisulin gLy 3 10 130 160
per day
Pre STZ { 988
TU/day (338134235113 46.8 1 77.1
i/day 1416141914244

7

1
4214951 68.0
OUMay 157 159 |63 J 11181260

Note from Table 7 that relatively high doses of compound A2 (100 pekep/day)y and low doses
of long acting insulin (1U/day) correspond to more efficacious ratios that pernit relatively

kigh “benefit indices” for TIR.

Summary

Combinations of a fixed dose of an amylin analog and variable dosing of insulin affect
the distribotions of glucose values differently. lndividuals with insulin-dependent diabetes
{type | diabetes. and end-stage type 2 diabeies) need to balance minimizing the long-term
hazard of microvascular disease from sustained hyperglycenyia versus the acute hazards of
hypogiyeemia, which include not only its corporal effects, bul also the sifuational hazards

invoked during neuroglycopenia.

It a higher weighting is applied to the hazard of hypoglycemia, it is apparent that the
gréatest benelli is observéd with reduced doses of insulin in cowmbination with high

{supraphysiologic) amylin activity.
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Other Embodiments

While the methods of the disclosure have been described in conjunction with the
detailed description thereof, the foregoing description is intended to iHlustrate and not limit the
scope of these methods, which are defined by the scope of the appended claims. Other aspects,

advaniages, and modifications are within the scope of the following claims,



