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Somatostatin Receptor Agonist Formulations

FIELD OF THE INVENTION

The present invention relates to formulation precursors (pre-formulations) for the in

situ generation of compositions for the controlled release of peptide active agents,

and methods of treatment with such formulations. In particular, the invention relates

to high-loading pre-formulations of amphiphilic components and at least one peptide

active agent comprising pasireotide for parenteral application, which undergo phase

transition upon exposure to aqueous fluids, such as body fluids, thereby forming a

controlled release composition.

BACKGROUND TO THE INVENTION

Many bioactive agents including pharmaceuticals, nutrients, vitamins and so forth

have a "functional window". That is to say that there is a range of concentrations

over which these agents can be observed to provide some biological effect. Where

the concentration in the appropriate part of the body (e.g. locally or as demonstrated

by serum concentration) falls below a certain level, no beneficial effect can be

attributed to the agent. Similarly, there is generally an upper concentration level

above which no further benefit is derived by increasing the concentration. In some

cases increasing the concentration above a particular level results in undesirable or

even dangerous effects.

Some bioactive agents have a long biological half-life and/or a wide functional

window and thus may be administered occasionally, maintaining a functional

biological concentration over a substantial period of time (e.g. 6 hours to several

days). In other cases the rate of clearance is high and/or the functional window is

narrow and thus to maintain a biological concentration within this window regular

(or even continuous) doses of a small amount are required. This can be particularly

difficult where non-oral routes of administration (e.g. parenteral administration) are

desirable or necessary, since self-administration may be difficult and thus cause

inconvenience and/or poor compliance. In such cases it would be advantageous for

a single administration to provide active agent at a therapeutic level over the whole

period during which activity is needed.



There is an enormous potential in the use of peptides (including proteins) for

treating various disease states, as well as in prophylaxis and in improving general

health and well-being of subjects. However, the performance of administered

peptide agents is generally limited due to poor bioavailability, which in turn is

caused by the rapid degradation of peptides and proteins in biological fluids. This

increases the dose which must be administered and in many cases restricts the

effective routes of administration. These effects are further exaggerated by the often

limited permeability of peptides and proteins across biological membranes.

Peptides and proteins that are administered to the mammalian body (e.g. orally,

intramuscularly etc.) are subject to degradation by various proteolytic enzymes and

systems present throughout the body. Well known sites of peptidase activity include

the stomach (e.g. pepsin), and the intestinal tract (e.g. trypsin, chymotrypsin, and

others) but other peptidases (e.g. aminopeptidases, carboxypeptidases, etc.) are

found throughout the body. Upon oral administration, gastric and intestinal

degradation reduces the amount of peptide or protein which potentially could be

absorbed through the intestinal surface lining and thereby decreases their

bioavailability. Similarly, free peptides and proteins in the mammalian blood stream

are also subject to enzymatic degradation (e.g. by plasma proteases etc.).

Some patients undergoing treatment will typically require a therapeutic dose to be

maintained for a considerable period and/or ongoing treatment for many months or

years. Thus a depot system allowing loading and controlled release of a larger dose

over a longer period would offer a considerable advantage over conventional

delivery systems.

Peptides may be delivered by systems such as the Alkermes Medisorb® delivery

system consisting of microspheres of biodegradable polymers. Such polymer

microsphere formulations must generally be administered by means of a sizable

needle, typically of 20-gauge or wider. This is necessary as a result of the nature of

the polymeric dosing systems used, which are typically polymer suspensions.

Evidently, it would be an advantage to provide a system of low viscosity, such as a

homogeneous solution, dispersion of fine particles, or L2 phase, which could be

administered easily through a narrow needle, thus decreasing the discomfort of the

patient during the procedure. This ease of administration is particularly significant



where patients will be on a self-administration regime and may already be self-

administering several times each day. Providing a sustained formulation with a

duration of a few days, but which is sufficiently complex to administer that it

requires treatment by a healthcare professional will not be an advantage to all

patients over twice-daily or daily self-administration, and is likely to be more costly.

Providing a formulation which gives sufficiently long duration to justify a visit to a

health professional for administration and/or a preparation which can be self-

administered, and reducing preparation time of health-care professionals or patients

prior to the actual administration are all important issues.

The poly-lactate, poly-glycolate and poly-lactate-co-glycolate polymers typically

used for degrading slow-release formulations are also the cause of some irritation in

at least some patients. In particular, these polymers typically contain a certain

proportion of acidic impurities such as lactic and glycolic acid, which will irritate

the injection site on administration. When the polymer then breaks down, lactic acid

and glycolic acid are the degradation products so that further irritation is caused. As

a result of the combined effects of wide-needle administration and irritant contents,

discomfort at the site of administration and the formation of connective scar tissue

are greater than desirable.

From a drug delivery point of view, polymer depot compositions generally have the

disadvantage of accepting only relatively low drug loads and having a "burst/lag"

release profile. The nature of the polymeric matrix, especially when applied as a

solution or pre-polymer, causes an initial burst of drug release when the composition

is first administered. This is followed by a period of low release, while the

degradation of the matrix begins, followed finally by an increase in the release rate

to the desired sustained profile. This burst/lag release profile can cause the in vivo

concentration of active agent to burst above the functional window immediately

following administration, and then drop back through the bottom of the functional

window during the lag period before reaching a sustained functional concentration

for a period of time. Evidently, from a functional and toxico logical point of view

this burst/lag release profile is undesirable and could be dangerous. It may also limit

the equilibrium concentration which can be provided due to the danger of adverse

effects at the "peak" point. The presence of a lag phase may furthermore require

supplementary dosing with repeat injections during the start-up period of depot

treatment in order to maintain a therapeutic dose while the concentrations of active



provided from the depot are sub-functional. For certain polypeptides in particular, it

would be advantageous to minimise the immediate "burst" effect upon

administration of a composition in order to avoid side effects such as

hypoglycaemia.

One class of peptide hormones which benefits particularly from a very "low burst",

stable in vivo concentration are Somatostatin analogues such as Pasireotide

(SOM230). In vivo testing suggests that these peptides are particularly beneficial

when maintained at a steady plasma concentration and as a regulatory hormone,

Pasireotide is particularly likely to benefit from a stable plasma level. This not only

suggests that a depot composition would be an advantage to avoid "spikes" in

concentration upon administration and/or repeated daily dosing, but furthermore that

such a depot composition should have as flat a release profile as possible during the

therapeutic period.

Controlled-release formulations are typically generated from bio-compatible

polymers in the form of, for example, implants or injectable beads. The current

leading formulation of Pasireotide, for example (Pasireotide LAR ) comprises

microparticles of poly (D,L-lactide-co-glycolide). Polymer microsphere

formulations must generally be administered by means of a sizable needle, typically

of 20-gauge or wider. This is necessary as a result of the nature of the polymeric

dosing systems used, which are typically polymer suspensions. It would be an

advantage to provide a system of low viscosity, such as a homogeneous solution,

dispersion of fine particles, or L2 phase, which could be administered easily through

a narrow needle, thus decreasing the discomfort of the patient during the procedure.

Ease of administration is particularly significant when patients will be self-

administering but also reduces the burden on healthcare professionals when they are

conducting the administration.

The manufacture of PLGA microbeads and suspensions is additionally a

considerable difficulty with certain existing depot systems. In particular, since the

beads are particulate they cannot generally be sterile-filtered and furthermore, since

the PLGA copolymer melts at elevated temperature, they cannot be heat-treated for

sterility. As a result, the complex manufacturing process must be conducted

aseptically.



Further issues with biodegradable polymer microspheres include complex

reconstitution prior to injection and limited storage stability, due both to aggregation

and degradation of the delivery system and/or active.

A lipid-based, slow-release composition has been described for certain peptides.

For example, WO2006/131730 discloses a lipid depot system for GLP-1 and

analogues thereof. This is a highly effective formulation, but the concentration of

active agent which can be included in the formulation is limited by its solubility.

Evidently, a higher concentration of active agent allows for the possibility of longer

duration depot products, products maintaining a higher systemic concentration, and

products having a smaller injection volume, all of which factors are of considerable

advantage under appropriate circumstances. It would thus be of considerable value

to establish a way by which higher concentrations of active agents could be included

in a lipid-based depot formulation and to identify combinations of active agent and

delivery system which are particularly effective from the point of view of loading,

stability, manufacturing and/or controlled release..

The present inventors have now established that by providing a pre-formulation

comprising at least one neutral diacyl glycerol, at least one phosphatidyl choline, at

least one biocompatible organic mono-alcoholic solvent, at least one polar solvent,

at least one peptide active agent comprising pasireotide (SOM230) and optionally at

least one antioxidant in a low viscosity phase, such as molecular solution or L2

(reversed micellar) phase, a pre-formulation may be generated addressing many of

the shortfalls of known depot formulations, and which may be applied to provide a

controlled release of the pasireotide active agent. By use of specific components in

carefully selected ratios, and in particular with a mixture of pasireotide, an alcohol

and a polar solvent, a depot formulation can be generated having a combination of

properties exceeding the performance even of previous lipid controlled-release

compositions and providing an advantage over known compositions such as

pasireotide LAR.

In particular, the pre-formulation shows a highly advantageous release profile, is

easy to manufacture, may be sterile-filtered, has low viscosity (allowing easy and

less painful administration typically through a narrow needle), allows a high level of

bioactive agent to be incorporated (thus potentially allowing a smaller amount of

composition and/or active agent to be used), requires shallow injection and/or forms



a desired non-lamellar depot composition in vivo having a "non-burst" release

profile. The compositions are also formed from materials that are non-toxic,

biotolerable and biodegradable, which can be administered by i.m., or s.c. injection

and are suitable for self-administration. The pre-formulation may additionally have

a very low level of irritation on injection and in preferred cases causes no irritation

at the injection site (including transient irritation).

Certain of the formulations of the present invention generate a non-lamellar liquid

crystalline phase following administration. The use of non-lamellar phase structures

(such as non-lamellar liquid crystalline phases) in the delivery of bioactive agents is

now relatively well established. A most effective lipid depot system is described in

WO2005/1 17830, and a highly preferred lipid depot is described in that document.

However, there remains scope for achieving depot formulations having improved

performance in several respects and in particular, surprising improvements can be

achieved by careful selection and optimisation of the range of components and

proportions disclosed in previous work.

Advantages of the compositions of the present invention over polymer formulations,

such as PLGA microspheres, include the ease of manufacture (including

sterilization), handling and use properties combined with low initial release ("non-

burst profile") of active agent. This may be defined such that the area under a

plasma concentration against time the curve during the first 24 hours of a one-month

dosing period is less than 20% of the area under the curve for the entire curve

(measured or extrapolated from time 0 to infinity or from time 0 to the last sampling

time point), more preferably less than 15% and most preferable less than 10%.

Furthermore, it may be defined such that the maximum plasma concentration of

active agent in vivo following injection of the pre-formulation (Cmax) is no more

than 10 times, preferably no more than 8 times and most preferably no more than 5

times the average plasma concentration during the therapeutic period (Cave) (i.e.

Cmax/Cave <10, preferably <8, more preferably <5).

SUMMARY OF THE INVENTION

The present invention provides a pharmaceutical formulation comprising an

appropriate combination of lipid excipients, organic alcoholic solvent, polar solvent,



peptide active agent comprising pasireotide and certain optional components, that

can be used as a depot-precursor formulation (referred to herein for brevity as a pre-

formulation) to address one or more of the needs described above. The inventors

have established that by optimising these components, depot compositions of

pasireotide and corresponding precursor formulations with a highly advantageous

combination of properties can be generated.

In a first aspect, the invention therefore provides a pre-formulation comprising a low

viscosity mixture of:

a . 20-50 wt.% of at least one diacyl glycerol;

b. 20-54 wt.% of at least one phosphatidyl choline (PC);

c . 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d . 1 to 20 wt .% polar solvent

e . 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide (calculated as the free base);

f . optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

wherein the pre-formulation forms, or is capable of forming, at least one liquid

crystalline phase structure upon contact with excess aqueous fluid.

Such compositions will preferably comprise glycerol dioleate (GDO), soy PC and/or

high purity PC, (such as PC with at least 95% PC head groups and at least 95% C16

to C20 acyl groups having 0 to 3 unsaturations), ethanol, water/propylene glycol

and/or EDTA as components a), b), c), d) and f) respectively. Component e)

comprises or consists of pasireotide or a salt thereof preferably wherein said salt is a

biotolerable salt, such as one selected from the chloride, acetate, pamoate and

tartrate salts, most preferably the pamoate salt, as described herein.

In a second embodiment, the invention correspondingly provides a process for the

formation of a pre-formulation suitable for the administration of a peptide

somatostatin receptor agonist comprising pasireotide to a (preferably mammalian)

subject, said process comprising forming a low viscosity mixture of:



a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-215 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 wt .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide (calculated as the free base);

f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

and dissolving or dispersing the at least one peptide somatostatin receptor agonist

(preferably a somatostatin analogue) in the low viscosity mixture, or in at least one

of components a), b), c), d) and optionally f) prior to forming the low viscosity

mixture. Such a pre-formulation will typically be one as described herein.

The preformulations are highly useful for the controlled and sustained release of

peptide active, especially those requiring or benefiting from a very flat release

profile and/or minimal "burst" upon administration. In a corresponding

embodiment, the invention therefore provides for the use of a low viscosity mixture

of:

a) 20-50 w t .% of at least one diacyl glycerol;

b) 20-54 w t .% of at least one phosphatidyl choline (PC);

c) 5-20 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 wt .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide (calculated as free base);

f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

in the manufacture of a pre-formulation for use in the sustained administration of

said peptide somatostatin receptor agonist. Such a low viscosity mixture will

preferably be one described herein.



The peptide somatostatin receptor agonists in the formulations of the present

invention are preferably pharmaceutically active. That is to say that they provide a

therapeutic, palliative and/or prophylactic effect when administered to a suitable

subject (typically being one in need of such an effect). In a further embodiment, the

invention therefore provides a method for the treatment of a human or non-human

mammalian subject comprising administering to said subject a pre-formulation as

described herein.

Such a method may be for the treatment of a human or non-human mammalian

subject in need thereof to combat, (e.g. cure, treat, improve, prevent, palliate and/or

ameliorate the symptoms of) at least one condition selected from Cushing's disease,

acromegaly, type I or type II diabetes mellitus, especially complications thereof, e.g.

angiopathy, diabetic proliferative retinopathy, diabetic macular edema, nephropathy,

neuropathy and dawn phenomenon, and other metabolic disorders related to insulin

or glucagon release, e.g. obesity, e.g. morbid obesity or hypothalamic or

hyperinsulinemic obesity, enterocutaneous and pancreaticocutaneous fistula,

irritable bowel syndrome, inflammatory diseases, e.g. Grave's Disease,

inflammatory bowel disease, psoriasis or rheumatoid arthritis, polycystic kidney

disease, dumping syndrome, watery diarrhea syndrome, AIDS-related diarrhea,

chemotherapy-induced diarrhea, acute or chronic pancreatitis and gastrointestinal

hormone secreting tumors (e.g. GEP tumors, for example vipomas, glucagonomas,

insulinomas, carcinoids and the like), lymphocyte malignancies, e.g. lymphomas or

leukemias, hepatocellular carcinoma as well as gastrointestinal bleeding, e.g variceal

oesophagial bleeding. The preformulations as described herein for use in such

methods form a further aspect of the invention.

Correspondingly, in a further aspect, the present invention provides the use of a low

viscosity mixture of:

a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 wt .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide (calculated as free base);



f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

in the manufacture of a low viscosity pre-formulation medicament for use in the in

vivo formation of a depot for treatment of at least one condition selected from

Cushing's disease, acromegaly, type I or type II diabetes mellitus, especially

complications thereof, e.g. angiopathy, diabetic proliferative retinopathy, diabetic

macular edema, nephropathy, neuropathy and dawn phenomenon, and other

metabolic disorders related to insulin or glucagon release, e.g. obesity, e.g. morbid

obesity or hypothalamic or hyperinsulinemic obesity, enterocutaneous and

pancreaticocutaneous fistula, irritable bowel syndrome, inflammatory diseases, e.g.

Grave's Disease, inflammatory bowel disease, psoriasis or rheumatoid arthritis,

polycystic kidney disease, dumping syndrome, watery diarrhea syndrome, AIDS-

related diarrhea, chemotherapy-induced diarrhea, acute or chronic pancreatitis and

gastrointestinal hormone secreting tumors (e.g. GEP tumors, for example vipomas,

glucagonomas, insulinomas, carcinoids and the like), lymphocyte malignancies, e.g.

lymphomas or leukemias, hepatocellular carcinoma as well as gastrointestinal

bleeding, e.g variceal oesophagial bleeding.

In all appropriate aspects of the invention, the preferred conditions are Cushing's

disease and acromegaly.

One of the advantages of the formulations of the present invention over many other

controlled-release compositions is that they are stable to storage in their final form

and thus little or no preparation is required at the time of administration. This

allows the pre-formulations to be ready-to-administer and also to be supplied in

convenient, ready-to-administer form. In a further aspect, the invention therefore

provides a pre-filled administration device containing a pre-formulation as described

herein. Such a device will generally provide either a single administration or

multiple administrations of a composition which will deliver, for example, a dosage

of somatostatin receptor agonist in the range of 0.2 to 3 mg/day pasireotide.

In a further aspect the invention provides a kit comprising said administration device

according to the invention.



The kit can optionally contain instructions for subcutaneous or intramuscular

administration of said composition. All compositions described herein are suitable

for use in such a kit and may thus be contained therein.

The kits of the invention can optionally include additional administration

components such as needles, swabs, and the like and will optionally contain

instructions for administration.

BRIEF SUMMARY OF THE ATTACHED FIGURES

Figure 1. Flow chart describing the preparation of lipid/SOM230 (pasireotide)

samples for solubility screening.

Figure 2 . Injectabihty (seconds/mL) measured at 20N constant force as a function

of formulation composition and using 1 mL long Luer-Lock glass syringe with 23G

5/8" (16 mm) needle. The formulations numbers refer to the sample ID (last two

digits) in Table 3 . The data points represent the mean of duplicate measurements.

Figure 3 . Injectabihty (seconds per mL), measured at 20N constant force, as a

function of formulation viscosity and using the indicated syringe and needle

configuration.

Figure 4. Comparison of stability data on lipid/pasireotide formulations

differentiated by their respective solvent composition (SPC/GDO weight ratio

constant at 50/50), with three different SOM230 (pasireotide) salt forms (pamoate

(Pm), acetate (Ac) and hydrochloride (CI)) after storage for 2 weeks at 60°C. The

pasireotide free base concentration at start was in all cases approximately 30

mg/mL.

Figure 5. Mean plasma concentrations of SOM230 (pasireotide pamoate) after s.c.

injection in rats. The error bars denote standard deviation (n = 6). Data obtained in

PK-12-437.

Figure 6. Mean plasma concentrations of SOM230 (pasireotide pamoate) after s.c.

injection in rats. The error bars denote standard deviation (n = 6). Data obtained in

PK- 12-43 8 .



Figure 7 . Dose linearity with respect to exposure (AUC) in study PK- 12-43 8. Error

bars represent standard deviation.

Figure 8. Dose linearity with respect to Cmax in study PK- 12-43 8. Error bars

represent standard deviation.

Figure 9. Mean plasma concentrations of SOM230 (pasireotide pamoate) after s.c.

injection in rats. The error bars denote standard deviation (n = 6). Data obtained in

PK- 12-451.

Figure 10. The SOM230 purity after storage at 5°C. The figure legend refers to the

respective batch number as indicated in Table 19.

Figure 11. The SOM230 purity after storage at 25°C/60% RH. The figure legend

refers to the respective batch number as indicated in Table 19.

DETAILED DESCRIPTION OF THE INVENTION

The formulations of the present invention generate a non-lamellar liquid crystalline

phase following administration. The use of non-lamellar phase structures (such as

liquid crystalline phases) in the delivery of bioactive agents is now relatively well

established. A most effective lipid depot system for general use is described in

WO2005/1 17830, and a suitable lipid matrix for use in the present invention is

described in general terms in that document, the full disclosure of which is hereby

incorporated herein by reference. For a description of the most favourable phase

structures of such formulations, attention is drawn to the discussion in

WO2005/1 17830 and particularly to page 29 thereof.

All % are specified by weight herein throughout, unless otherwise indicated.

Furthermore, the % by weight indicated is the % of the total pre-formulation

including all of the components indicated herein where context allows. Weight

percentages of pasireotide will be calculated on the basis of the weight of free acid

irrespective of whether the acid or a salt thereof is used. The pre-formulations can

optionally consist of essentially only the components indicated herein (including

where appropriate additional optional components indicated herein below and in the



attached claims) and in one aspect consist entirely of such components. Where a

formulation is indicated as "consisting essentially of certain components herein,

when the specified components provide the essential nature of that formulation, such

as when the specified components constitute at least 95%, preferably at least 98%,

of the formulation.

The lipid-based systems described herein comprise lipid components a) and b), plus

organic mono-alcoholic solvent (c), polar solvent (d), peptide somatostatin receptor

agonist comprising pasireotide (e) and optional antioxidant (f) components.

Preferably the pre-formulation according to the invention is a molecular solution or

has an L2 phase structure (prior to administration). Preferably the pre-formulation

forms a non-lamellar (e.g. liquid crystalline) phase following administration. Such a

phase change is typically brought about by absorption of aqueous fluid from the

physiological environment, as indicated herein.

The present inventors have now surprisingly established that by appropriate choice

of types, absolute amounts and ratios of lipid components along with a peptide

somatostatin receptor agonist comprising pasireotide and at least two solvents

including an alcohol and at least one polar solvent, the release properties of the

depot compositions formed from the pre-formulations of the invention can be

rendered highly advantageous. In particular, by using a mixture of an alcohol and a

polar solvent (especially at the weight ratios close to 1:1 described herein (e.g.

between 10:1-1:3, preferably 5:1-1:2 and most preferably 2:1-2:3)) the advantages

of the alcohol solvent on the release profile can be maintained while other properties

such as the comfort on administration and/or the viscosity of the formulation can be

improved. Alternatively or in addition to this, the release profile of the somatostatin

receptor agonist can be made remarkably level, with the maximum plasma

concentration in vivo being only a small multiple of the average or even minimum

concentration during the dosing period. Such advantages apply even in comparison

with other lipid depot compositions, which in themselves offer previously

unobtainable standards in controlled release.

It is important, particularly with certain peptide active agents, such as somatostatin

analogues (e.g. pasireotide), to control the peak concentration (Cmax) of drug in the

plasma to a level equal to or less than that tolerable to the subject, for example to



avoid side-effects such as flushing or severe nausea, while providing or achieving a

therapeutically effective level over the desired period of release. Generally, the

average concentration during the period of release before the next dose is

administered, Cave, falls within the therapeutic range. Control over the maximal

(Cmax) and minimum (Cmin) concentrations is also important in order to achieve

the desired treatment over time. In one embodiment, the initial burst (e.g. during the

first 1 hours following administration) is not the Cmax of the release profile.

Whether or not the initial burst is also the Cmax, preferably the Cmax/Cave ratio is

less than 50, preferably less than or equal to 15, more preferably less than or equal to

10, even more preferably less than or equal to 5 . Furthermore, it is preferred that the

Cmax/Cmin ratio is not more than 50, preferably less than or equal to 15, more

preferably less than or equal to 10, even more preferably less than or equal to 5.

Cmax is defined as is known in the art, as the peak or maximal plasma concentration

observed during the period of release before the next dose is administered and Cave

is defined as the average plasma concentration during that period of release. Cmin is

correspondingly the minimal concentration during that period. Cave can be

calculated by calculating the drug present in the plasma as area under the curve

(AUC) over the selected period of time, generally the entire period of release before

the administration of the next dose, and dividing by that period of time.

Component a) - Diacyl Glycerol

Preferable ranges for component a) are 20-80 wt.%, preferably 30-70 wt.%, more

preferably 20-50%, such as 33-60% (e.g. 43-60%, 30 to 43% or 30-40%),

particularly 38 to 43%>, around 32%> (e.g. ±2) and/or around 40%> (e.g. ±2).

Preferable ranges of component b) are 20-80 wt.%>, preferably 30-70 wt.%> (e.g. 30-

45%), more preferably 33-55% (e.g. 35-55%), particularly 38 to 43%.

Ratios of a:b are typically 40:60 to 70:30, preferably 45:55 to 55:45 and more

preferably 40:60 to 54:46 or 42:58 to 48:52. Ratios of around 50:50 (e.g. ±2) and

around 45:55 (e.g. ±3 a:b) are highly effective.

Component "a" as indicated herein is preferably at least one diacyl glycerol (DAG)

and thus has two non-polar "tail" groups. The two non-polar groups may have the



same or a differing number of carbon atoms and may each independently be

saturated or unsaturated. Examples of non-polar groups include C6-C32 alkyl and

alkenyl groups, which are typically present as the esters of long chain carboxylic

acids. These are often described by reference to the number of carbon atoms and the

number of unsaturations in the carbon chain. Thus, CX:Z indicates a hydrocarbon

chain having X carbon atoms and Z unsaturations. Examples particularly include

lauroyl (C12:0), myristoyl (C14:0), palmitoyl (C16:0), phytanoyl (C16:0),

palmitoleoyl (C16:l), stearoyl (C18:0), oleoyl (C18:l), elaidoyl (C18:l), linoleoyl

(CI 8:2), linolenoyl (C18:3), arachidonoyl (C20:4), behenoyl (C22:0) and

lignoceroyl (C24:9) groups. Thus, typical non-polar chains are based on the fatty

acids of natural ester lipids, including caproic, caprylic, capric, lauric, myristic,

palmitic, phytanic, palmitolic, stearic, oleic, elaidic, linoleic, linolenic, arachidonic,

behenic or lignoceric acids, or the corresponding alcohols. Preferable non-polar

chains are palmitic, stearic, oleic and linoleic acids, particularly oleic acid.

Mixtures of any number of diacyl lipids may be used as component a). Preferably

this component will include at least a portion of CI8 lipids (e.g. DAG having one or

more (i.e. one or two) CI8:0, CI8:1, CI8:2 or CI8:3 non-polar groups), such as

glycerol dioleate (GDO) and/or glycerol dilinoleate (GDL). A highly preferred

example is DAG comprising at least 50%, preferably at least 80% and even

comprising substantially 100% GDO.

Since GDO and other diacyl glycerols are products derived from natural sources,

there is generally a certain proportion of "contaminant" lipid having other chain

lengths etc. In one aspect, GDO as used herein is thus used to indicate any

commercial grade of GDO with concomitant impurities (i.e. GDO of commercial

purity). These impurities may be separated and removed by purification but

providing the grade is consistent this is rarely necessary. If necessary, however,

"GDO" may be essentially chemically pure GDO, such as at least 80%> pure,

preferably at least 85% pure and more preferably at least 90% pure GDO.

Component b) - Phosphatidyl Choline

Component "b" in the preferred lipid matrices of the present invention is at least one

phosphatidyl choline (PC). As with component a), this component comprises a

polar head group and at least one non-polar tail group. The difference between



components a) and b) lies principally in the polar group. The non-polar portions may

thus suitably be derived from the fatty acids or corresponding alcohols considered

above for component a . As with component a), the PC will contain two non-polar

groups. Again, CI 8 groups are preferred and may be combined with any other

suitable non-polar group, particularly CI 6 groups.

The phosphatidyl choline portion, even more suitably than any diacyl glycerol

portion, may be derived from a natural source. Suitable sources of phospholipids

include egg, heart (e.g. bovine), brain, liver (e.g. bovine) and plant sources including

soybean. Such sources may provide one or more constituents of component b,

which may comprise any mixture of phospholipids. Any single PC or mixture of

PCs from these or other sources may be used, but mixtures comprising soy PC or

egg PC are highly suitable. The PC component preferably contains at least 50% soy

PC or egg PC, more preferably at least 75% soy PC or egg PC and most preferably

essentially pure soy PC or egg PC.

In one embodiment applicable to all aspects of the invention, component b)

comprises PC. Preferably the PC is derived from soy. Preferably the PC comprises

18:2 fatty acids as the primary fatty acid component with 16:0 and/or 18:1 as the

secondary fatty acid components. These are preferably present in the PC at a ratio

of between 1.5:1 and 6:1. PC having approximately 60-65% 18:2, 10 to 20% 16:0,

5-15% 18:1, with the balance predominantly other 16 carbon and 18 carbon fatty

acids is preferred and is typical of soy PC.

In an alternative but equally preferred embodiment, also applicable to all aspects of

the invention, the PC component may comprise synthetic dioleoyl PC. This is

believed to provide increased stability and so will be particularly preferable for

compositions needing to be stable to long term storage, and/or having a long release

period in vivo. In this embodiment the PC component preferably contains at least

50% synthetic dioleoyl PC, more preferably at least 75% synthetic dioleoyl PC and

most preferably essentially pure synthetic dioleoyl PC. Any remaining PC is

preferably soy or egg PC as above.

In one embodiment, the precursor formulations of the present invention are

comprised at least partially of synthetic DOPC (i.e. PC having at least 95% PC head

groups and at least 90%> oleoyl acyl groups) and has a stability to storage at 15-25°C,



defined as less than 5% peptide degradation as assayed by peptide purity, of at least

6 months, more preferably at least 1 months and most preferably at least 24

months.

Since the pre-formulations of the invention are to be administered to a subject for

the controlled release of a peptide active agent, it is important that the components

are biocompatible. In this regard, the preferred lipid matrices for use in the pre-

formulations of the present invention are highly advantageous since both PC and

DAGs are well tolerated and are broken down in vivo into components that are

naturally present in the mammalian body.

Synthetic or highly purified PCs, such as dioleoyl phosphatidylcholine (DOPC) and

palmitoyl oleoyl phosphatidylcholine (POPC), as well as the other various high-

purity PCs described herein, are highly appropriate as all or part of component b).

In a highly preferred embodiment, component b) is a "high purity" PC as follows:
b. at least one phospholipid component comprising phospholipids having

i . polar head groups comprising at least 95% phosphatidyl choline, and

ii. two acyl chains each independently having 16 to 20 carbons wherein at least

one acyl chain has at least one unsaturation in the carbon chain, and there are no

more than four unsaturations over two carbon chains;

Typically, this may be PC with at least 95% PC head groups and at least 95% C16 to

C20 acyl chains having 0 to 3 unsaturations..

The synthetic dioleoyl PC is most preferably l,2-dioleoyl-sn-glycero-3-

phosphocholine, and other synthetic PC components include DDPC (1,2-

Didecanoyl-sn-glycero-3-phosphocholine); DEPC(l,2-Dierucoyl-sn-glycero-3-

phosphocholine); DLOPC(l,2-Dilinoleoyl-sn-glycero-3-phosphocholine);

DLPC(1 ,2-Dilauroyl-sn-glycero-3-phosphocholine); DMPC(1 ,2-Dimyristoyl-sn-

glycero-3-phosphocholine); DOPC(l,2-Dioleoyl-sn-glycero-3-phosphocholine);

DPPC(1 ,2-Dipalmitoyl-sn-glycero-3-phosphocholine); DSPC(1 ,2-Distearoyl-sn-

glycero-3-phosphocholine); MPPC(1 -Myristoyl-2-palmitoyl-sn-glycero 3-

phosphocholine); MSPC(l-Myristoyl-2-stearoyl-sn-glycero-3-phosphocholine);

PMPC(l-Palmitoyl-2-myristoyl-sn-glycero-3-phosphocholine); POPC(l-Palmitoyl-

2-oleoyl-sn-glycero-3-phosphocholine); PSPC(l-Palmitoyl-2-stearoyl-sn-glycero-3-



phosphocholine); SMPC(l-Stearoyl-2-myristoyl-sn-glycero-3-phosphocholine);

SOPC(l-Stearoyl-2-oleoyl-sn-glycero-3-phosphocholine); and SPPC(l-Stearoyl-2-

palmitoyl-sn-glycero-3-phosphocholine), or any combination thereof.

In some circumstances, such as the absence of preserving agents such as EDTA, the

use of synthetic or highly purified PCs (e.g. DOPC) may provide greater stability for

the somatostatin receptor agonist in the formulations. Thus in one embodiment,

component b) may comprise (e.g. may comprise at least 75%) synthetic or highly

purified (e.g. purity >90%) PCs (e.g. DOPC). This may particularly be in the

absence of chelating agents such as EDTA. In an alternative embodiment,

component b) may comprise (e.g. comprise at least 75%) naturally derived PCs,

such as soy PC or egg PC. This will particularly be where at least one stabilising

component (such as an antioxidant, chelator etc) is included in the precursor

formulation.

A particularly favoured combination of components a) and b) are GDO with PC,

especially GDO with soy PC and/or "high purity" PC. Appropriate amounts of each

component suitable for the combination are those amounts indicated herein for the

individual components in any combination. This applies also to any combinations

of components indicated herein, where context allows.

The ratio of components a:b is in the range 40:60 to 54:46. Preferably the a:b ratio

is in the range 45:55 to 54:46, more preferably 47:53 to 53:47. Most preferably the

a:b ratio is approximately 50:50.

In one embodiment applicable to all aspects of the invention, it is preferred if the a:b

ratio is in the range 40:60 to 49:5 1. In an alternative embodiment, the ratio may be

in the range 42:58 to 52:48.

Component c) - organic mono-alcoholic solvent

Component c) of the pre-formulations of the invention is an organic mono-alcoholic

solvent. Since the pre-formulation is to generate a depot composition following

administration (e.g. in vivo), typically upon contact with excess aqueous fluid, it is

desirable that this solvent be tolerable to the subject and be capable of mixing with



the aqueous fluid, and/or diffusing or dissolving out of the pre-formulation into the

aqueous fluid. Solvents having at least moderate water solubility are thus preferred.

Most preferably component c) comprises or consists of ethanol, propanol,

ispropanol, benzyl alcohol or mixtures thereof. Most preferably component c)

comprises or consists of ethanol.

In a preferred embodiment, the solvent is such that a relatively small addition to a

mixture comprising a) and b) (i.e. preferably below 15%) gives large viscosity

reductions, of one order of magnitude or more. As described herein, the addition of

10% organic mono-alcohol solvent can give a reduction of two or more orders of

magnitude in viscosity over the solvent-free composition, or over a depot containing

only a polar solvent such as water, or glycerol.

The amount of component c) in the pre-formulation will have a considerable effect

upon several features. In particular, the viscosity and the rate (and duration) of

release will alter significantly with the solvent level. The amount of solvent will

thus be at least sufficient to provide a low viscosity mixture but will additionally be

determined so as to provide the desired release rate. This may be determined by

routine methods in view of the Examples below. Typically a level of 0.1 to 35%,

particularly 5 to 25% solvent will provide suitable release and viscosity properties.

This will preferably be 5 to 16% (e.g. 6 to 14%) and an amount of around 8% (e.g.

8±2%) is highly effective.

As indicated above, the amount of component c) in the pre-formulations of the

invention will be at least sufficient to provide a low viscosity mixture (e.g. a

molecular solution, see above) of components a), b), c) and d) and optionally f) and

will be easily determined for any particular combination of components by standard

methods.

The phase behaviour may be analysed by techniques such as visual observation in

combination with polarized light microscopy, X-ray scattering and diffraction

techniques, nuclear magnetic resonance, and cryo-transmission electron microscopy

(cryo-TEM) to look for solutions, L2 or L3 phases, or liquid crystalline phases or as

in the case of cryoTEM, dispersed fragments of such phases. Viscosity may be

measured directly by standard means. As described above, an appropriate practical



viscosity is that which can effectively be syringed and particularly sterile filtered.

This will be assessed easily as indicated herein.

Typical organic mono-alcoholic solvents suitable for use in the invention include at

least one solvent selected from ethanol, propanol, isopropanol, and benzyl alcohol,

particularly ethanol.

A highly preferred combination for components a), b) and c) is soy PC and/or "high

purity PC", GDO and ethanol. As indicated above, appropriate amounts of each

component suitable for the combination are those amounts indicated herein for the

individual components, in any combination.

It is preferable that little or none of component c) contains halogen substituted

hydrocarbons since these tend to have lower biocompatibility. For example, the

content of halogenated organic solvents may be less than 0.5%, preferably less than

0.1%.

Component c) as used herein may be a single solvent or a mixture of suitable

solvents but will generally be of low viscosity. This is important because one of the

key aspects of the present invention is that it provides pre-formulations that are of

low viscosity and a primary role of a suitable solvent is to reduce this viscosity.

This reduction will be a combination of the effect of the lower viscosity of the

solvent and the effect of the molecular interactions between solvent and lipid

composition. One observation of the present inventors is that the oxygen-containing

solvents of low viscosity described herein have highly advantageous and unexpected

molecular interactions with the lipid parts of the composition, thereby providing a

non-linear reduction in viscosity with the addition of a small volume of solvent.

The viscosity of the "low viscosity" solvent component c) (single solvent or

mixture) should typically be no more than 18 mPas at 20°C. This is preferably no

more than 15 mPas, more preferably no more than 10 mPas and most preferably no

more than 7 mPas at 20°C.

Component ) - Polar solvent



Some of the particular benefits of the compositions of the present invention come

through the unexpected finding that the use of an alcohol solvent in combination

with a polar solvent such as a diol or water allows a significant improvement in the

performance of certain lipid-based controlled-release compositions. In particular,

the addition of a diol (such as propylene glycol) or water has been observed to allow

the proportion of alcohol to be increased without adversely affecting the release

profile and/or allow an improvement in the release profile and/or allow higher

loading of the somatostatin receptor agonist. By "adversely affecting the release

profile" is intended to indicate that the ratio of Cmax/Cave is increased and/or the

ratio of Cmax/Cmin is increased (for example increased by a factor of at least 1.2).

Similarly an improvement in the release profile indicates that the ratio of

Cmax/Cave and/or Cmax/Cmin is decreased (e.g. decreased by a factor of at least

1.2.).

Typical polar solvents will have a comparatively high dielectric constant

corresponding to their high polarity. Thus, suitable polar solvents will generally

have a dielectric constant of at least 28 at 25°C, more preferably at least 30 at 25°C.

Highly suitable examples include water (-80), propylene glycol (-32) and N-

methyl-2-pyrrolidone (NMP, -32).

Although it has previously been suggested that lipid controlled-release compositions

should be formulated substantially in the absence of water, in order to avoid the

conversion to high-viscosity liquid crystalline phases, it has now furthermore been

established that a small and carefully controlled amount of a polar solvent such as

water can provide considerable benefits. In particular, the inclusion of this polar

solvent (preferably comprising water) allows further improvements in controlling

the initial release of somatostatin receptor agonist, allows higher stable loading of

some peptide somatostatin receptor agonists, provides faster depot formation and/or

provides further reduced discomfort upon injection. Any one of these factors

potentially provides a significant improvement in the context of therapeutic drug

delivery, patient health and/or patient compliance.

The pre-formulations of the present invention must thus also contain a polar solvent,

component d). A suitable amount will typically be greater than 1% by weight of the

pre-formulation, for example 1-30 wt.%, particularly 1.2-20 wt.%, especially 2-18

wt.%. More preferably component d) is present in the range 5-15 wt.%, especially



6-12 wt.%. Component d) is preferably water, propylene glycol or mixtures thereof.

In one preferred aspect, the pre-formulations of the invention contain ethanol as

component c) with water and/or propylene glycol as component d).

In one embodiment the pre-formulation comprises at least 1.5% (e.g. at least 4.5%)

water as part of component d) (by weight of the total composition) with the

remainder being propylene glycol. At least 5% water with the balance of component

d) being PG is preferred. Component d) may comprise or consist of water.

In an alternative embodiment, component d) may comprise or consist of propylene

glycol.

Preferably the total level of components c) and d) is not more than 35 wt.%,

preferably not more than 30 wt. %, more preferably not more than 25 wt.%, most

preferably not more than 20 wt. %. For example the total level of components c)

and d) may be in the range 10-30 wt. %, preferably 12-25 wt. %, most preferably 15-

20 wt. %.

The ratio of components c) and d) will also have potential advantages in the

compositions of the invention. In particular, by inclusion of some polar solvent

which is miscible with the mono-alcohol component (especially water), the slight

sensation that may be caused at the injection site from the alcohol content can be

substantially eliminated. Thus, in one embodiment, the ratio of components c):d)

may be in the range 30:70 to 70:30, more preferably 40:60 to 60:40. In one

embodiment, the amount of alcohol component c) by weight is no greater than the

amount of polar solvent d). Ratios of c):d) ranging from 30:70 to 50:50 are thus

appropriate in such an embodiment. Approximately equal amounts of components

c) and d) are highly appropriate.

A highly preferred combination for the lipid matrix aspect is soy PC and/or a C16 to

C20 PC of at least 95% purity such as DOPC (as described herein), with GDO,

ethanol, and water/propylene glycol or mixtures thereof. The solvent may be, for

example, ethanol and water in the absence of PG, ethanol and PG in the absence of

water, or a mixture of all three. As indicated above, appropriate amounts of each

component suitable for the combination are those amounts indicated herein for the

individual components, in any combination.



Component e) - Peptide Active Agent (Somatostatin Receptor Agonist)

The pre-formulations of the present invention contain at least one peptide

somatostatin receptor agonist comprising pasireotide. Suitable peptides for use in

the necessary peptide somatostatin receptor agonists may be naturally occurring or

derived from natural peptides, or may be chemically modified or wholly synthetic

peptide molecules. Any amino acids may be comprised in the peptides including

those described herein, and the peptides may be chemically or enzymatically

modified. Similarly, peptide somatostatin receptor agonists may be linear or

cyclised by means of one or more covalent or non-covalent interactions.

Pasireotide, for example, comprises a cyclic portion of six peptide residues (see

below).

Typical peptide actives will be in the range of 500 to 100,000 amu in molecular

weight and can evidently include protein somatostatin receptor agonists. In one

embodiment, the polypeptides can have at least one cationic charge at neutral and/or

physiological pH, and most preferably will require at least one anionic counter-ion

at pH 6.5 or above, preferably at pH 7.5 or above. This counter-ion will be

physiologically acceptable, and may thus be a halide or the ion of a physiologically

acceptable acid. Acetate, pamoate and tartrate counter ions and/or chloride ions are

particularly preferred and therefore in one embodiment of the invention, the

somatostatin receptor agonist is pasireotide pamoate.

In particular, the present inventors have surprisingly established that pasireotide

pamoate is surprisingly more stable to storage when formulated with the lipid

excipients described herein than is the corresponding acetate or chloride salt. This is

particularly surprising since the acetate is the most commonly used form of many

small peptide active agents, such as the somatostatin analogue octreotide.

Furthermore, the chloride salt has been shown in previous work to be surprisingly

effective in formulations of certain actives, such as octreotide. However, in the

present case, storage at 60°C in formulations of the present invention illustrated a

markedly higher stability for the pamoate over the acetate and even the chloride of

pasireotide (see examples and Figures below). The pamoate salt is thus the

preferred form of the somatostatin receptor agonist comprising pasireotide.



In the peptide actives of the present invention, peptides may contain only amino

acids selected from those 20 a-amino acids indicated in the genetic code, or more

preferably may contain their isomers and other natural and non-natural amino acids,

(generally α, β or γ amino acids) and their analogues and derivatives.

Amino acid derivatives are especially useful at the termini of the peptides, where the

terminal amino or carboxylate group may be substituted by or with any other

functional group such as hydroxy, alkoxy, carboxy (on the N-terminal end), ester,

amide, thio, amido, amino (on the C-terminal end), alkyl amino, di- or tri-alkyl

amino, alkyl (by which is meant, herein throughout C 1-C20 alkyl, preferably Ci-Cis

alkyl e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-, sec- or t-butyl etc.), aryl

(e.g phenyl, benzyl, napthyl etc), heteroaryl, or other functional groups, preferably

with at least one heteroatom and preferably having no more than 20 atoms in total,

more preferably no more than 10 and most preferably not more than 6 atoms

(optionally excluding hydrogens).

In the present invention, the peptide somatostatin receptor agonist comprises

pasireotide, which is a somatostatin analogue. The somatostatin receptor agonist

may also comprise other peptides such as other peptide analogues of somatostatin

and may include octreotide, somatostatin 14 and/or somatostatin 28.

Somatostatin has two active forms produced by alternative cleavage of a single pre-

protein: one of 14 amino acids, the other of 28 amino acids. Somatostatin 1-14 is a

cyclic peptide hormone having the sequence Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-

Lys-Thr-Phe-Thr-Ser-Cys, where the two cystine residues are connected by a

disulphide bridge to generate a type II β-turn at the key binding sequence of Phe-

Trp-Lys-Thr. Somatostatin is a natural peptide hormone also known as Growth

Hormone Release Inhibiting Factor and has a role as an antagonist of insulin,

glucogen and certain other hormones in the release of somatotrophin (Human

Growth Hormone). The biological half-life of natural Somatostatin is very short (1-

3 minutes) and so in itself is difficult to formulate as a viable therapeutic. However,

the lipid depot compositions of the present invention are highly effective for short

lived active agents and an increasing number of somatostatin analogues are

becoming available with higher activities and/or longer clearance times in vivo.

Pasireotide is one such analogue and forms the essential peptide active agent of the

compositions of the present invention.



Somatostatin analogues, including pasireotide, but also such as octreotide,

lanreotide, vapreotide and related peptides, are used or indicated in the treatment of

a variety of conditions where they are typically administered over an extended

period. In one embodiment of the invention, the peptide active agent comprises or

consists of pasireotide as well as another somatostatin analogue selected from the

group consisting of octreotide, lanreotide and vapreotide. In one embodiment, the

peptide active agent of the invention comprises or consists of pasireotide and

octreotide. In a further embodiment, pasireotide may form the sole active agent.

Octreotide, for example, is the synthetic octa-peptide with sequence D-Phe-Cys-

Phe-D-Trp-Lys-Thr-Cys-Thr-ol (2-7 disulphide bridge) and is typically administered

as the acetate salt. Several clinical studies also feature the octreotide pamoate. This

derivative retains the key Phe-(D)Trp-Lys-Thr β-turn but, in contrast to the natural

hormone, has a terminal half-life of around 1.7 hours. Octreotide is used in

treatment of conditions including carcinoid tumours and acromegaly, and after an

initial dose is typically given over a sustained period of weeks, or more commonly

many months or years. In addition, somatostatin analogues are indicated in the

treatment of many cancers since a wide variety of tumours are found to express

somatostatin receptors. Of particular interest are those expressing the "sst(2)" and/or

"sst(5)" receptor.

As used herein, the term "somatostatin receptor agonist" is used to indicate a

compound having an agonistic function at one or more somatostatin receptors

(SSTRs). There are five known types of SSTRs (SSTR1-SSTR5), showing equally

high affinity for SST-14. The most investigated somatostatin receptor agonists,

including octreotide, show high selectivity for SSTR2 and SSTR5. Thus in one

preferred embodiment, somatostatin receptor agonists as indicated herein have an

agonistic function at somatostatin receptors including SSTR2 and/or SSTR5.

The most common "simple" formulation of Octreotide is "Sandostatin" (RTM) from

Novartis. This is a solution for subcutaneous (s.c) injection and a 10(^g dose

reaches a peak concentration of 5.2 ng/ml at 0.4 hours post injection. The duration

of action can be up to 12 hours but s.c. dosing is generally carried out every 8 hours.

Evidently, s.c. injection 3 times daily for periods of months or years is not an ideal

dosing regime.



In order to avoid the need for multiple daily injections of octreotide, a further

formulation is available; "Sandostatin LAR"(RTM), again from Novartis. This is a

formulation of octreotide in poly lactic co-glycolic acid microspheres which, after

reconstitution in an aqueous diluent, may be administered by intra muscular (i.m.)

injection.

Pasireotide is a multireceptor-targeted somatostatin analogue with high affinity for

somatostatin receptor subtypes sstrl,2,3 and sstr5 that has been developed for the

treatment of neuroendocrine diseases. Two formulations of pasireotide have

currently been developed: an immediate-release formulation for subcutaneous (sc)

injection and a long-acting-release (LAR) formulation. The structure of pasireotide

is as follows:

Pasireotide was initially developed by Novartis Pharma as a treatment for Cushing's

disease/syndrome and acromegaly, but has potential applicability in the treatment of

several conditions for which somatostatin analogues such as octreotide are indicated,

including carcinoid tumours.



Following a single subcutaneous dose of pasireotide, human plasma levels typically

peak quickly, at around 15 minutes to 1 hour after dosing, with an initial half- life of

2-3 hours following that peak. Although clearance half-life is greater for later

phases of the decline, it is clear that the Cmax/Cave for such a delivery will be

rather high.

Pasireotide LAR is a long acting formulation of pasireotide which addresses some of

the above issues. However, this is a polymer microparticle based system with the

inherent limitations of such a system, as are known in the art and described herein

above.

Carcinoid tumours are intestinal tumour arising from specialised cells with paracrine

functions (APUD cells). The primary tumour is commonly in the appendix, where it

is clinically benign. Secondary, metastatic, intestinal carcinoid tumours secrete

excessive amounts of vasoactive substances, including serotonin, bradykinin,

histamine, prostaglandins, and polypeptide hormones. The clinical result is carcinoid

syndrome (a syndrome of episodic cutaneous flushing, cyanosis, abdominal cramps,

and diarrhea in a patient with valvular heart disease and, less commonly, asthma and

arthropathy). These tumours may grow anywhere in the gastrointestinal tract (and in

the lungs) with approximately 90% in the appendix. The remainder occurs in the

ileum, stomach, colon or rectum. Currently, treatment of carcinoid syndrome starts

with i.v. bolus injection followed by i.v. infusion. When sufficient effect on

symptoms has been established, treatment with a depot formulation of octreotide

formulated in poly lactic-co-glycolic acid (PLGA) microspheres is started. However,

during the first two weeks or more after injection of the depot, daily s.c. injections

with octreotide are recommended to compensate for the slow release from the PLGA

spheres.

Acromegaly is a rare chronic and insidious hormonal disorder that occurs when the

pituitary gland produces excess growth hormone (GH). It most commonly affects

middle-aged adults and may lead to premature death.

Diabetes mellitus, hypertension, and increased risk of cardiovascular disease are the

most serious health consequences of acromegaly. In addition, patients with

acromegaly are at an increased risk of developing colon polyps, which can become

cancerous. The prevalence of acromegaly is approximately 60 cases per million



population, and the incidence is 3.3 new cases per million per year. The word

acromegaly comes from the Greek words for "extremities" (aero) and "great"

(megaly), because one of the most common symptoms of this condition is abnormal

growth of the hands and feet.

Acromegaly is caused by prolonged overproduction of growth hormone (GH) and

excessive production of insulin-like growth factor-I (IGF-I). In 98 percent of cases,

the overproduction of GH is caused by a pituitary adenoma. The rate of GH

production and the aggressiveness of the tumour vary from patient to patient.

Generally, more aggressive tumours are seen in younger patients.

Acromegaly is a severe disease often diagnosed late. Morbidity and mortality rates

are high, in particular, because of associated cardiovascular, cerebrovascular, and

respiratory disorders and malignancies.

Current treatment of acromegaly is typically initiated by a period of s.c. injections

three times per day (optimal daily dose = 300 µg octreotide). After the last s.c. dose

and providing a suitable effect is observed then treatment with a depot formulation

of octreotide formulated in poly lactic-co-glycolic acid (PLGA) microspheres is

started. Dose adjustments are made after measurement of biomarkers (HG and IGF-

1), typically after around 3 months.

The existing octreotide slow release formulation relies upon a well-established

degrading-polymer type of depot formulation. Typically such formulations are

based on a biodegradable polymer such poly (lactic acid) (PLA) and/or poly (lactic-

co-glycolic acid) (PLGA) and may be in the form of a solution in an organic solvent,

a pre-polymer mixed with an initiator, encapsulated polymer particles or (as in the

case of octreotide) polymer microspheres.

In one typical embodiment, the peptide somatostatin receptor agonist comprising

pasireotide will generally be formulated as 0.02 to 12% by weight of the total

formulation. Typical values will be 0.1 to 10%, preferably 0.2 to 8%, more

preferably 0.5 to 6%> (e.g. 1 to 3%). These levels may be applied to all aspects of the

invention, where context allows. A further preferred range is between 0.5 to 4 wt. %,

more preferably 1-3 wt. %, and most preferably 1.5-2.5 wt. %.



In one embodiment of the present invention, the concentration of Pasireotide in the

precursor formulations of the present invention is greater than 4% and the ratio of

components a)/b) is less than 1. That is to say the weight percentage of component

a) is less than that for component b). In particular, in this embodiment of high

Pasireotide content, the ratio of a) to b) may be between 49:51 and 40:60, preferably

48:52 to 42:58.

In a related embodiment, the peptide somatostatin receptor agonist may be

formulated at a level which cannot easily be achieved in the absence of the polar

solvent component of the mixture. In such an embodiment, the pasireotide content

is typically at least 0.7%, preferably at least 1%, more preferably at least 1.8% or at

least 2% by weight of formulation. Levels of at least 3% and at least 4% are

achievable with the present invention, as are loading levels up to 8, 10 or 12%.

Such compositions of the present invention typically not only contain a very high

level of peptide somatostatin receptor agonist as indicated, but are additionally

stable to storage with no or low degradation of the somatostatin receptor agonist

(e.g. less than 5%) for considerable periods, as indicated herein. Such periods will

generally be at least a month at 25°C or at least a month at 5°C, preferably at least 3

months, more preferably at least 6 months, most preferably 12 to 24 months at 5°C

or alternatively at 25°C. These degrees of stability are applicable to all aspects of

the invention, where context allows and relate to stability both of the somatostatin

receptor agonist and of the phase behaviour of the pre-formulation.

In a related embodiment, in the situation where a peptide somatostatin receptor

agonist is highly soluble in the alcohol component, it may be an advantage to limit

this solubility of this agent. Without being bound by theory, it is thought that

excessive solubility in this alcohol component may result in the alcohol transporting

a significant quantity of somatostatin receptor agonist out of the depot composition

as it forms in vivo. Therefore, in one embodiment of the present invention, the polar

solvent is used to control the solubility of the somatostatin receptor agonist in the

pre-formulation so as to aid control of the release profile.

In a further aspect, the present invention therefore provides a method for controlling

the solubility of a peptide somatostatin receptor agonist comprising pasireotide in a

low viscosity mixture comprising:



a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

by inclusion of a polar solvent component d) to form a depot precursor formulation.

Use of a polar solvent in such a method forms a further aspect.

The pre-formulations and components of the mixture, as well as their performance

etc will evidently correspond to those described herein for other aspects.

Similarly, the present invention provides a method for improving the release profile

of a peptide somatostatin receptor agonist comprising pasireotide from a depot

composition formed by injection of a low viscosity mixture comprising:

a) 20-50 w t .% of at least one diacyl glycerol;

b) 20-54 wt .% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

by inclusion of a polar solvent component d) in said low-viscosity mixture to form a

depot precursor formulation. Use of a polar solvent in such a method forms a

further aspect.

The pre-formulations and components of the mixture, as well as their performance

etc will evidently correspond to those described herein for other aspects.

Corresponding methods and uses provide for the reduction of injection-site

discomfort, reduction of viscosity of the pre-formulation, and/or reduction in initial

"burst" release of a low viscosity mixture comprising:



a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

by inclusion of a polar solvent component d) in said low-viscosity mixture to form a

depot precursor formulation. Use of a polar solvent in such a method forms a

further aspect.

All of the above uses and methods for improving the various properties of the pre-

formulation and/or the resulting depot composition are preferably applied without

negatively affecting the release profile of the peptide somatostatin receptor agonist.

The peptide somatostatin receptor agonist comprises pasireotide, hence suitable

doses for inclusion in the formulation, and thus the volume of formulation used, will

depend upon the release rate (as controlled, for example by the solvent type and

amount used, the antioxidant content and so forth) and release duration, as well as

the desired therapeutic level, the activity of the specific agent, and the rate of

clearance of the particular active chosen. Typically an amount of around 0.05 to 40

mg per week of depot duration, preferably 0 .1 to 20 mg per week duration (e.g. 1 to

5 mg per week) for a duration of 1 to 24 weeks, preferably 2 to 16 (e.g. 3, 4, 8, 10 or

12) weeks. In an alternative embodiment the pre-formulation may be formulated for

dosing weekly (e.g. every 7±1 days). A total dose of 0.05 to 250 mg per dose would

be suitable for providing a therapeutic level for between 7 and 168 days. This will

preferably be 0.1 to 200 mg, e.g. 0.2 to 150 mg, 0.1 to 100 mg, 20 to 160 mg etc.

Evidently, the stability of the active and effects on the release rate will mean that the

loading to duration may not be a linear relationship. A depot administered every 30

days might have, for example 0.2 to 20 mg, or a 90 day depot might have 30 to 60

mg of somatostatin receptor agonist.

Evidently also, the biological half-life of the specific active will be particularly

important. The half-life of somatostatin, is less than 5 minutes, and so for sustained



release, a relatively large amount (e.g. towards the higher end of the range) will be

needed. For an analogue such as pasireotide, with a much longer half-life (2-3 hours

at least), the amount needed will evidently be lower. Appropriate levels for the

specific actives will be established easily by those of skill in the art by reference to

the known therapeutic level, the desired duration of action and the volume which is

to be injected. A good base calculation would be to multiply a typical daily dose of

the active agent by the number of days' duration of the depot. The formulation can

then be tested for linearity of release and adjusted as appropriate.

In a highly preferred embodiment, the lipid matrix aspect is soy PC or "high purity"

PC (such as DOPC), GDO, ethanol, and water/propylene glycol or mixtures thereof,

and the peptide somatostatin receptor agonist comprises pasireotide. As indicated

above, appropriate amounts of each component suitable for the combination are

those amounts indicated herein for the individual components, in any combination.

In one preferred embodiment, GLP-1, GLP-1 analogues and GLP-1 receptor

agonists and/or GLP-1 receptor antagonists are not present in the precursor

formulations of the invention..

Optional Component f) - Antioxidant

Component f) is an antioxidant. Most preferably it is selected from ascorbic acid,

ascorbyl palmitate, ethylenediaminetetraacetic acid (EDTA) and salts thereof and

citric acid.

In all aspects of the invention, component f) is typically present at a weight ratio of

antioxidant to peptide somatostatin receptor agonist of 1:50 to 1:6000, preferably

1:100 to 1:1300, and most preferably 1:150 to 1:1250. Since typical antioxidants are

of lower molecular weight that the peptide somatostatin receptor agonists, the

proportion by weight of antioxidant may be relatively small. For example, with a

small molecular weight antioxidant (e.g. less than 500 amu), 0.0001 to 0.5% of the

composition may be antioxidant, preferably 0.0005 to 0.2%, more preferably 0.0008

to 0.1%, e.g. 0.001 to 0.02%.



Unfortunately, many common antioxidants are not highly compatible with lipid

systems. Indeed, the present inventors have previously established that some

antioxidants commonly used in previous systems can cause increased degradation of

active agents in a lipid system. This applies particularly to peptide active agents.

The present inventors have therefore analysed a variety of potential antioxidant

compounds and classes for use with lipid based matrix systems and have

surprisingly found that one particular class of antioxidants is unusually well suited

for use in these systems.

The antioxidant component is generally included in the range 0.0001 to 0.5% by

weight of the total pre-formulation. Around 0.0005 to 0.015% of antioxidant

(particularly EDTA) is particularly preferred, especially in combination with the

other preferred components and ranges indicated herein above and below.

Stability data using a number of different antioxidants demonstrate that EDTA

antioxidants are surprisingly more efficient than other antioxidants in suppressing

the oxidative degradation of bioactive agents. EDTA as antioxidant can also show a

synergistic effect in combination with the antioxidants of the present invention, in

maintaining the chemical and physical stability of the peptide active agent and

complete pre-formulation. EDTA has a stabilising effect on the active agent.

By "stabilising" is indicated an increase in the physical and chemical stability of the

dissolved or dispersed somatostatin receptor agonist. An increase in stability may

be demonstrated by the chemical and/or physical stability of a peptide somatostatin

receptor agonist in a lipid formulation for a greater period than would be observed in

the absence of an antioxidant. This would preferably be tested under conditions of

typical storage, such as 2-8°C, 25°C and/or ambient temperature. This is further

described herein below.

In a preferred embodiment of the invention, antioxidants are excluded from the pre

formulations.

Optional additional components

In one particularly preferred embodiment of the present invention, the compositions

(preformulations and resulting depots) do not include fragmentation agents, such as



polyethyleneoxide or poly(ethylene glycol) (PEG) fragmentation agent, e.g. a PEG

grafted lipid and/or surfactant.

For example, the compositions preferably do not include fragmentation agents such

as Polysorbate 80 (P80, polyoxyethylene (20) sorbitan monooleate), or other

Polysorbates (e.g. Polysorbate 20), PEGylated phospholipids (PEG-lipids such as

DSPE-PEG(2000), DSPE-PEG(5000), DOPE-PEG(2000) and DOPE-PEG(5000)),

Solutol HS 15, PEGylated fatty acids (e.g. PEG-oleate), block co-polymers such as

Pluronic® F127 and Pluronic® F68, ethoxylated castor oil derivatives (e.g.

Chremophores), PEGylated glyceryl fatty acid esters (such as TMGO-15 from

Nikko Chemicals) and PEGylated tocopherols (such as d-alpha tocopheryl

poly(ethylene glycol) 1000 succinate known as Vitamin E TPGS from Eastman.

Single-dose formats must remain stable and potent in storage prior to use, but are

disposable after the single use. In one embodiment, a single dose format is stable at

refrigerated conditions (e.g. 0-5 or 2-8°C) for at least 12 months. Furthermore such

a pre-formulation may be stable at room temperature (e.g. 25°C) for at least 12

months. Multi-dose formats must not only remain stable and potent in storage prior

to use, but must also remain stable, potent and relatively free of bacteria (and

particularly essentially free of bacterial growth) over the multiple-dose use regimen

administration period after the first use in which a seal has been compromised. For

this reason multi-dose formats often require an anti-microbial or microbial- static

agent, e.g. bacteriostatic agent, preservative.

However, the production of preserved pharmaceutical preparations containing

protein or peptide actives has often proven difficult, as when preservatives are used,

these give rise to stability problems. Often the proteins are inactivated and

aggregates are formed, which may sometimes lead to reported injection site

intolerance or immunogenicity to the active. This can be further aggravated by

additional excipients or formulation components.

In one aspect each of the embodiments herein can optionally contain an

antimicrobial or microbial- static agent, which includes bacteriostatic agents and

preservative. Such agents include benzalkonium chloride, m-cresol, benzyl alcohol

or other phenolic preservatives. Typical concentrations as known in the art can be

used.



Additional components above those mentioned as components a) to f will, where

present at all, preferably be present in an amount of 0 to 5% (e.g. 0.01% to 5%) by

weight, preferably no more than 2% by weight and more preferably no more than

1% by weight.

In one embodiment, components a) and b) (allowing for any impurity inherent in the

nature of these components) make up at least 95% of the lipid components of the

composition. Preferably at least 99% of the total lipid content of the pre-formulation

consists of components a) and b). Preferably the lipid component of the pre-

formulation consists essentially of components a) and b).

Administration

The pre-formulations of the present invention are generally formulated to be

administered parenterally. This administration will generally not be an intra

vascular method but will preferably be subcutaneous (s.c), intracavitary or

intramuscular (i.m.). Typically the administration will be by injection, which term is

used herein to indicate any method in which the formulation is passed through the

skin, such as by needle, catheter or needle-less (needle-free) injector.

Preferred parenteral administration is by i.m or s.c. injection, most preferably by s.c.

injection. An important feature of the composition of the invention is that it can be

administered both by i.m. and s.c. and other routes without toxicity or significant

local effects. It is also suitable for intracavital administration. The s.c. injection has

the advantage of being less deep and less painful to the subject than the (deep) i.m.

injection used for some current depots and is technically most suitable in the present

case as it combines ease of injection with low risk of local side effects. It is a

surprising observation of the present inventors that the formulations provide

sustained release of active agent over a predictable time period by both

subcutaneous and intramuscular injection. This therefore allows the site of injection

to be varied widely and allows the dose to be administered without detailed

consideration of the tissue depth at the site of injection.

The preferred lipid pre-formulations of the present invention provide non-lamellar

liquid crystalline depot compositions upon exposure to aqueous fluids, especially in

vivo. As used herein, the term "non-lamellar" is used to indicate a normal or more



preferably reversed liquid crystalline phase (such as a reversed cubic or hexagonal

phase) or the L3 phase or any combination thereof. The term liquid crystalline

indicates all hexagonal, all cubic liquid crystalline phases and/or all mixtures

thereof. Hexagonal as used herein indicates "normal" or "reversed" hexagonal

(preferably reversed) and "cubic" indicates any cubic liquid crystalline phase unless

specified otherwise. The skilled reader will have no difficulty in identifying those

compositions having appropriate phase behaviour by reference to the description and

Examples provided herein, and to WO2005/1 17830, but the most favoured

compositional area for phase behaviour is where ratio of components a:b are in the

region of 40:60 to 70:30, preferably 45:55 to 55:45 and more preferably 40:60 to

54:46. Ratios of around 50:50 (e.g. ±2) are highly preferred for most formulations

(although certain exceptions are noted herein), most preferably around 50:50.

It is important to appreciate that the pre-formulations of the present invention are of

low viscosity. As a result, these pre-formulations must not be in any bulk liquid

crystalline phase since all liquid crystalline phases have a viscosity significantly

higher than could be administered by syringe or similar injecting dispenser. The

pre-formulations of the present invention will thus be in a non-liquid crystalline

state, such as a solution, L2 or L3 phase, particularly solution or L2. The L2 phase as

used herein throughout is preferably a "swollen" L2 phase containing greater than 5

wt%, preferably greater than 7 %, and most preferably greater than 9% of organic

mono-alcoholic solvent (component c) having a viscosity reducing effect. The pre-

formulations of the invention which are in L2 phase form one preferred set of pre-

formulations and these will generally contain at least 2% water as polar solvent.

As used herein, the term "low viscosity mixture" is used to indicate a mixture which

may be readily administered to a subject and in particular readily administered by

means of a standard syringe and needle arrangement. This may be indicated, for

example by the ability to be dispensed from a 1 ml disposable syringe through a

small gauge needle. Preferably, the low viscosity mixtures can be dispensed through

a needle of 19 gauge, preferably smaller than 19 gauge, more preferably 23 gauge

(or most preferably even 27 gauge) needle by manual pressure. In a particularly

preferred embodiment, the low viscosity mixture should be a mixture capable of

passing through a standard sterile filtration membrane such as a 0.22 µιη syringe

filter. A typical range of suitable viscosities would be, for example, 0.1 to 5000



mPas, preferably 1 to 1000 mPas, more preferably 10 to 750 mPas and most

preferably 25 to 500 mPas at 20°C.

It has been observed that by the addition of small amounts of low viscosity organic

mono-alcoholic solvent, as indicated herein, a very significant change in viscosity

can be provided. For example, the addition of only 5% solvent to a lipid mixture

can reduce viscosity 100-fold and addition of 10% may reduce the viscosity up to

10,000 fold. In order to achieve this non-linear, synergistic effect in lowering

viscosity it is important that a solvent of appropriately low viscosity and suitable

polarity be employed. Such solvents include those described herein infra. Preferred

low-viscosity mixtures include molecular solutions, including dispersions of the

peptide somatostatin receptor agonist in a molecular solution of the other

components.

Upon administration, the preferred lipid-based pre-formulations of the present

invention undergo a phase structure transition from a low viscosity mixture to a high

viscosity (generally tissue adherent) depot composition. Generally this will be a

transition from a molecular mixture, swollen L2 and/or L3 phase to one or more

(high viscosity) liquid crystalline phases such as reversed hexagonal or cubic liquid

crystalline phases or mixtures thereof. Further phase transitions may also take place

following administration. Obviously, complete phase transition is not necessary for

the functioning of the invention but at least a surface layer of the administered

mixture will form a liquid crystalline structure. Generally this transition will be

rapid for at least the surface region of the administered formulation (that part in

direct contact with air, body surfaces and/or body fluids). This will most preferably

be over a few seconds or minutes (e.g. from 1 second up to 30 minutes, preferably

up to 10 minutes, more preferably 5 minutes of less). The remainder of the

composition may change phase to a liquid crystalline phase more slowly by

diffusion and/or as the surface region disperses.

Without being bound by theory, it is believed that upon exposure to excess aqueous

fluid, the pre-formulations of the invention lose some or all of the organic solvent

included therein (e.g. by diffusion) and take in aqueous fluid from the bodily

environment (e.g. the in vivo environment). For lipid pre-formulations, at least a

part of the formulation preferably generates a non-lamellar, particularly liquid

crystalline phase structure. In most cases these non-lamellar structures are highly



viscous and are not easily dissolved or dispersed into the in vivo environment. The

result is a monolithic "depot" generated in vivo with only a limited area of exposure

to body fluids. Furthermore, because the non-lamellar structure has large polar,

apolar and boundary regions, the lipid depot is highly effective in solubilising and

stabilising active agents such as peptides and protecting these from degradation

mechanisms. As the depot composition formed from the pre-formulation gradually

degrades over a period of days, weeks or months, the active agent is gradually

released and/or diffuses out from the composition. Since the environment within the

depot composition is relatively protected, the pre-formulations of the invention are

highly suitable for active agents with a relatively short biological half-life (see

above).

By incorporation of at least 5% (e.g. at least 10%) of a polar solvent (especially at

least 5% water and/or PG) into the pre-formulations, it is believed that the rate of

phase transition to a non-lamellar (e.g. liquid crystalline) phase at the surface of the

injected pre-formulation can be enhanced in comparison with compositions

containing organic solvents in the substantial absence of water. The performance of

the resulting depot is thus improved and further control over the release of active

agent achieved.

The depot systems formed by the formulations of the present invention are highly

effective in protecting the active agent from degradation and thus allow an extended

release period. The formulations of the invention thus may provide in vivo depots of

peptide somatostatin receptor agonists which require administration only once every

5 to 90 days preferably 5 to 60 days, more preferably 6 to 32. Evidently, a longer

stable release period is desirable for patient comfort and compliance, as well as

demanding less time from health professionals if the composition is not to be self-

administered. Where the composition is to be self-administered, patient compliance

may be aided by a weekly (e.g. every 7 days, optionally ± 1 day) or monthly (e.g.

every 28 or 30 days (optionally ± 7 days) administration so that the need to

administer is not forgotten.

A considerable advantage of the depot precursors of the present invention is that

they are stable homogeneous phases. That is to say, they may be stored for

considerable periods (preferably at least 6 months) at room or refrigerator

temperature, without phase separation. As well as providing advantageous storage



and facile administration, this allows for the dose of peptide somatostatin receptor

agonist (e.g. pasireotide) to be selected by reference to the species, age, sex, weight,

and/or physical condition of the individual subject, by means of injecting a selected

volume.

The present invention thus provides for methods comprising the selection of a

dosing amount specific to an individual, particularly by subject weight. The means

for this dose selection is the choice of administration volume.

In one preferred aspect, the present invention provides a pre-formulation comprising

components a), b), c), d), f and at least one peptide somatostatin receptor agonist

comprising pasireotide as indicated herein. The amounts of these components will

typically be in the range 30-60% a), 30-70% b), 5-20% c) and 1-20% d), with the

peptide somatostatin receptor agonist comprising pasireotide present at 0.01% to

10%, (such as 36-44% a), 36-44% b), 3-18% c) and 5-18% d) (preferably including

at least 2% water), with the peptide somatostatin receptor agonist comprising

pasireotide present at 1% to 8%), wherein the ratio of a:b is in the range 40:60 to

54:46.

Typically, component f) is present at an antioxidant to peptide somatostatin receptor

agonist molar ratio of 1:50 to 1:6000, preferably 1:100 to 1:1300, and most

preferably 1:150 to 1:1250. Since typical antioxidants are of lower molecular

weight than peptide somatostatin receptor agonist (e.g. somatostatin analogue, e.g.

octreotide), the proportion by weight of antioxidant may be relatively small. For

example, with a small molecular weight antioxidant (e.g. less than 500 amu), 0.001

to 5% of the composition may be antioxidant, preferably 0.002 to 2%, more

preferably 0.002 to 0.15%, e.g. 0.002 to 0.015%.

The pre-formulations of the present invention are highly advantageous in that they

are stable to prolonged storage in their final "administration ready" form. As a

result, they may readily be supplied for administration either by health professionals

or by patients or their carers, who need not be fully trained health professionals and

may not have the experience or skills to make up complex preparations. This is

particularly important in long-duration, slow-effecting diseases such as diabetes.



The pre-formulation of the invention will preferably exclude any GLP-1, GLP-1

analogues and GLP-1 receptor agonists and/or antagonists. The pre-formulations of

the invention will preferably exclude the following pre-formulations:

where EtOH is ethanol, PC is LIPOID SI00 soybean phosphatidylcholine or

LIPOID E 80 egg phosphatidylcholine (marked with *) and GDO is glycerol

Devices

In a yet further aspect, the present invention provides a disposable administration

device (which is also to include a device component) pre-loaded with a measured

dose of a pre-formulation of the present invention. Such a device will typically

contain a single dose ready for administration, and will generally be sterile-packed

such that the composition is stored within the device until administration. Suitable

devices include cartridges, ampoules and particularly syringes and syringe barrels,

either with integral needles or with standard (e.g. luer) fittings adapted to take a

suitable disposable needle. Similarly appropriate devices include a needle-less

injector, a multi- or single-use autoinjector combined with a pre-filled syringe, a

cartridge, optionally combined with a multi-use pen device, or a vial. Evidently,



such pre-filled syringes and cartridges may be for any appropriate injecting device,

such as a multi-use or single-use injector or needle-less injection unit.

The devices of the invention may preferably contain the pre-formulation of the

invention which delivers a dosage in the range of 5 to 150 mg/ml, preferably 10 to

100 mg/ml, most preferably 10 to 70 or 10 to 90 mg/ml, for example 20 to 60 or 20

to 80 mg/ml, such as 20 to 60 or 30 to 60 mg/ml.

In one embodiment applicable to all aspects of the invention, the devices of the

invention may contain a single dose of 1 to 200 mg, for example 1 to 150 mg (e.g. 1

to 120 mg) of peptide somatostatin receptor agonist comprising pasireotide,

preferably pasireotide pamoate.

The devices of the invention may contain peptide somatostatin receptor agonist

comprising pasireotide, preferably pasireotide pamoate, at around 0.1 to 6mg (e.g.

0.2 to 4 mg) per day between scheduled administrations, for example around 0.6

(e.g. 0.6 to 3) mg per day, particularly 1 to 2 mg/day.

The devices of the invention may contain a total volume for administration of no

more than 5 ml, for example no more than 2 ml, such as approximately 1.5 ml.

The pre-filled devices of the invention may also suitably be included in an

administration kit, which kit also forms a further aspect of the invention. In a still

further aspect, the invention thus provides a kit for the administration of at least one

peptide somatostatin receptor agonist comprising pasireotide, said kit containing a

measured dose of a formulation of the invention and optionally an administration

device or component thereof. Preferably the dose will be held within the device or

component, which will be suitable for i.m. or preferably s.c. administration. The

kits may include additional administration components such as needles, swabs, etc.

and will optionally and preferably contain instructions for administration. Such

instructions will typically relate to administration by a route as described herein

and/or for the treatment of a disease indicated herein above.

Kits



The invention provides for a pre-filled administration device as indicated herein and

a kit as indicated herein comprising a pre-formulation as described herein.

In an alternative aspect of the present invention, the "kit" may contain at least two

vessels, a first containing a low viscosity mixture of components a) to d), as

described here, and a second containing a measured dose of at least one peptide

somatostatin receptor agonist comprising pasireotide as described herein. The

antioxidant component f) may be formulated with the active agent, or more

preferably as part of the low viscosity mixture, which will then comprise

components a) to d) and f).

Such a "two component kit" may comprise the peptide somatostatin receptor agonist

as a powder formulation in one vial or pre-filled syringe and components a) to d)

(and optionally f)) in a second vial or pre-filled syringe. In the case of two syringes,

before injection, the pre-filled syringes are connected and the powder comprising

active agent is mixed with the matrix formulation by moving the syringe barrels

back and forth, forming a solution or suspension which is injected. Alternatively,

the liquid lipid formulation is drawn from one vial, or is pre-filled into a syringe,

and is injected into a vial containing peptide powder. This formulation may

subsequently be mixed by hand shaking or other suitable reconstitution method (e.g.

vortex mixing etc.). The solvent component may be present in either or both vessels

(e.g. vials or syringes). Where the solvent is at least partially constituted with the

active agent, this will generally be in the form of a solution or suspension.

In this aspect, the invention therefore provides a two component kit comprising

i) a first vessel containing a low viscosity mixture of components a) to d) as

described herein;

ii) a second vessel containing at least one peptide somatostatin receptor agonist

comprising pasireotide,

iii) an antioxidant component f) optionally in a third vessel, preferably in the

second vessel, or most preferably in the first vessel;

iv) optionally and preferably at least one of:

1) at least one syringe (which may be one or both of said first and

second vessels);

2) a needle for administration, such as those described herein;



3) instructions for generation of a composition of the invention from the

contents of the first and second vessels;

4) instructions for administration, whereby to form a depot as described

herein.

Preferred Features and Combinations

In combination with the features and preferred features indicated herein, the pre-

formulations of the invention may have one or more of the following preferred

features independently or in combination:

All proportions indicated herein may optionally be varied by up to 10% of the

amount specified, optionally and preferably by up to 5%;

Component a) comprises, consists essentially of or preferably consists of GDO;

Component b) comprises, consists essentially of or preferably consists of soy PC

and/or "high purity PC" such as DOPC;

Component c) comprises, consists essentially of or preferably consists of a 1, 2, 3 or

4 carbon alcohol, preferably isopropanol or more preferably ethanol;

Component d) comprises, consists essentially of or preferably consists of a polar

solvent such as water, propylene glycol, or mixtures thereof;

Component f comprises, consists essentially of or preferably consists of ascorbic

acid, ascorbyl palmitate, ethylenediammetetraacetic acid (EDTA), and/or citric acid;

The pre-formulation contains at least one peptide somatostatin receptor agonist

comprising pasireotide, preferably pasireotide pamoate;

The pre-formulation has a low viscosity as indicated herein.

The pre-formulation comprises forms a liquid crystalline phase as indicated herein

upon in vivo administration.



The pre-formulation generates a depot following in vivo administration, which depot

releases at least one somatostatin receptor agonist at a therapeutic level over a period

of at least 7 days, preferably at least 28 days, more preferably at least 60 days.

The pre-formulation has a higher loading of peptide somatostatin receptor agonist

comprising pasireotide than is stable in the same formulation in the absence of

component d)

The pre-formulation has a higher loading of peptide somatostatin receptor agonist

comprising pasireotide than is obtainable by equilibration at 25°C of the same

formulation in the absence of component d).

In combination with the features and preferred features indicated herein, the

method(s) of treatment of the present invention may have one or more of the

following preferred features independently or in combination:

The method comprises the administration of at least one formulation with one or

more preferred features as indicated above;

The method comprises the administration of at least one formulation as indicated

herein by i.m., s.c. or preferably deep s.c. injection;

The method comprises administration by means of a pre-filled administration device

as indicated herein;

The method comprises administration through a needle no larger than 20 gauge,

preferably smaller than 20 gauge, and most preferably 23 gauge or smaller;

The method comprises a single administration every 20 to 100 days, preferably 28 to

60 days (for example 30-45 days).

In combination with the features and preferred features indicated herein, the use(s)

of the pre-formulations indicated herein in the manufacture of medicaments may

have one or more of the following preferred features independently or in

combination:



The use comprises the use of at least one formulation with one or more preferred

features as indicated above;

The use comprises the manufacture of a medicament for administration of at least

one formulation as indicated herein by i.m., s.c. or preferably deep s.c. injection;

The use comprises the manufacture of a medicament for administration by means of

a pre-filled administration device as indicated herein;

The use comprises the manufacture of a medicament for administration through a

needle no larger than 20 gauge, preferably smaller than 20 gauge, and most

preferably 23 gauge or smaller;

The use comprises the manufacture of a medicament for administration once every

20 to 100 days, preferably 28 to 60 days, more preferably 30 to 45 days.

In combination with the features and preferred features indicated herein, the pre-

filled devices of the invention may have one or more of the following preferred

features independently or in combination:

They contain a preferred formulation as indicated herein;

They comprise a needle smaller than 20 gauge, preferably no larger than 23 gauge;

They contain a single dose of 1 to 300 mg of peptide somatostatin receptor agonist

comprising pasireotide, preferably 1 to 200 mg, more preferably 5-150 mg, for

example 10-100 mg, most preferably 20-70 mg and especially preferably 30-60 mg.

They contain a homogeneous mixture of a composition of the invention in ready-to-

inject form.

They contain a formulation of components a) to c) for combination with a peptide

somatostatin receptor agonist comprising pasireotide whereby to form a pre-

formulation of the invention.



They contain a peptide somatostatin receptor agonist comprising pasireotide for

combination with a formulation of components a) to d) and optionally f), whereby to

form a pre-formulation of the invention.

They contain a total volume for administration of no more than 5 ml, preferably no

more than 3 ml, for example no more than 2 ml, more preferably no more than 1.5

ml.

In combination with the features and preferred features indicated herein, the kits of

the invention may have one or more of the following preferred features

independently or in combination:

They contain a preferred formulation as indicated herein;

They contain a pre-filled device as indicated herein;

They contain a needle smaller than 20 gauge, preferably no larger than 23 gauge;

They contain a single dose of 1 to 300 mg of peptide somatostatin receptor agonist

comprising pasireotide, preferably 1 to 200 mg, more preferably 5-150 mg, for

example 10-100 mg, most preferably 20-70 mg and especially preferably 30-60 mg;

They contain a "two compartment kit" comprising at least two vessels containing a

lipid formulation of the invention and a peptide somatostatin receptor agonist

comprising pasireotide powder, respectively.

They contain a total volume for administration of no more than 5 ml, preferably no

more than 3 ml, for example no more than 2 ml, more preferably no more than 1.5

ml.

They contain instructions for administration by a route and/or at a frequency as

indicated herein;

They contain instructions for administration for use in a method of treatment as

described herein.



The Invention will now be further illustrated by reference to the following

limiting Examples and the attached Figures.



EXAMPLES

Materials
SPC Soy phosphatidylcholine (Lipid SI00) - Lipoid

GDO Glycerol dioleate (Rylo DG19 Pharma) - Danisco

DOPC Dioleoyl phosphatidylcholine - NOF

EtOH Ethanol - Solveco

PG Propylene glycol - Fischer

WFI Water for injection - Apoteket

EDTA Ethylenediaminetetraacetic acid, disodium salt - Sigma Aldrich

SOM230(Pm) SOM230 pamoate (Pasireotide pamoate)- Novartis Pharma

SOM230(Ac) SOM230 acetate (Pasireotide acetate) - Novartis Pharma

Example 1: Solubility Screening

Placebo lipid mixture formulations as well as formulations of the single respective

lipid alone were prepared in 10R vials according to Table 1. The sample size was 6

g . Samples of SOM230 (pasireotide pamoate) of the respective formulation type

with a drug load of 3 wt% (corrected for peptide purity and content) were prepared

in 2R vials, except for Formulation type 15 where only 1 wt% S230 was evaluated.

The samples were allowed to equilibrate at ambient room temperature; samples with

formulation types 1-8 on end-over-end rotation and samples with formulation types

9-12 on magnetic stirring. The flow chart in Figure 1 describes the sample

preparation process. The screening covered the following formulation variables:

• Lipid weight ratio (SPC/GDO weight ratio)

• Co-solvent nature and concentration

• Single lipid formulations

• Single solvent (only PG)



Table 1. Compositions of placebo lipid formulations (wt%) used for solubility

screening.

The samples were studied by visual inspection and the appearance was noted.

Additional SOM230 drug powder in steps of 1 wt% (corrected for peptide purity and

content according to CoA) was added to any homogenous and transparent sample

with the exception of Formulation type 15. Mixing at ambient room temperature and

visual observation continued after addition of more SOM230 drug powder.



The results of the solubility screening are summarized in Table 2 . It is concluded

that a dose strength of up to at least 10 wt% or approximately 100 mg SOM230 free

base/mL is attainable for some formulation types. Furthermore, PG appears to be a

relatively good solvent for SOM230 (> 1 wt%) in comparison to the poor solubility

in EtOH (« 1 wt%).

Higher drug loads of SOM230, up to 10 wt% (or approximately 100 mg/mL

(corrected)), were achieved using a co-solvent combination of EtOH/PG at

concentrations of 10 wt% each. Formulations comprising EtOH only as co-solvent

were not as effective as the combination of EtOH/PG or EtOH/WFI for SOM230

loading. Formulations comprising only the single respective lipid excipient

(Formulation types 13 and 14) displayed lower drug loading capability (< 3 wt%)

compared to lipid mixtures with equivalent solvent composition indicating strong

synergistic solubility enhancing effects by combining the components of the

formulation of the invention.



Table 2. Results of the solubility screening. For formulation compositions, see

Table 1.

The solubility screening results are summarized as follows:



• Multiple formulation types were found to allow for drug load levels of 30-60
mg/mL

• Increased co-solvent levels and combination of EtOH and PG or EtOH and
water increased SOM230 solubility

• A drug load of (at least) 10 wt% (ca 100 mg/mL) was verified for at least one
formulation variant

• The combination of SPC and GDO increased SOM230 solubility in a
synergistic way compared with the single lipid mixtures

• PG appeared to be a relatively good solvent for SOM230

Example 2 - Injectability, density and viscosity

Formulations according to Table 3 were prepared and used for evaluation of

injectability, density and viscosity. The lipid/SOM230 formulations with drug loads

of 3 and 6 wt%, respectively, were prepared in 15R injection glass vials.



Table 3. Compositions of lipid/SOM230 formulations (wt%).

*Pamoate salt; 4.3, 5.9, 7.4 and 8.6 wt% SOM230 pamoate salt corresponds to ca 30, 40, 50 and 60

mg SOM230 free base/g, respectively, when corrected for peptide purity and

content.

The preparation procedure of the samples was as described in Figure 1. A magnetic

stirring bar was added to the samples (sample size 6 g) followed by magnetic stirring

at ambient room temperature. The samples were studied by visual inspection and the

approximate time to complete dissolution was noted.

The formulations with 30 mg/g were transparent and homogenous within 48 h . The

samples with 60 mg/g were homogenous and transparent within 3 days. No special

efforts (such as increasing the stirring rate) were made to speed up dissolution times

for these preparations.



Injectability (flow rates)

The injectability or flow rate of each formulation was evaluated according to the

following method: a constant force is applied to the selected syringe configuration

filled with the respective formulation. The injection is then performed at ambient

room temperature into an empty vial and the weight of the injected formulation is

noted and the time to complete the injection is measured. The injection volume per

injection test was approx. 0.4-0.6 mL and duplicate tests were performed. The

constant force applied was 20 N . The syringe and needle format used for the

injectability tests are given in Table 4 .

Table 4. Syringe and needle configuration.

Stoppers used were from West (4432/50 grey B240 Westar®) with plunger rod

55103 supplied by Fresenius Kabi (FKA).

Injectability results are summarized in Figure 2 . The injectability is given as seconds

per mL (inverse of the flow rate). The values were converted from seconds per gram

to seconds per mL by the use of formulation density values (see below). The time

for injection, using the 20 N constant force, varied between approximately 8-30

seconds depending on formulation.

Density

The density of each formulation was determined using an Anton Paar density meter

DMA 4500 M (1360) at 20°C. Single tests were performed on each formulation.

The results are presented in Table 5 .



Table 5. Density measurements on lipid/SOM230 formulations. Formulation

compositions are provided in Table 3 .

Viscosity

The viscosity was measured using a Bohlin Visco 88 BV instrument (rotating inner

cylinder, stationary outer cylinder) at three speed settings (three shear rates). Single

tests were performed for each formulation.

The measurements were performed at room temperature (ambient). The results are

shown in Table 6 as mean viscosity for the different speed settings. No difference in

viscosity values (within experimental variation) could be observed between the

different shear rates indicating Newtonian behaviour.



Table 6. Viscosity measurements on lipid/SOM230 formulations. Formulation

compositions are provided in Table 3 .

It may be noted that by doubling the SOM230 drug load from ca 30 to 60 mg/mL,

the viscosity almost doubled for formulations with EtOH/PG whereas the viscosity

increase for the corresponding EtOH/WFI formulations was only about 20%.

The link between injectability and viscosity is illustrated in Figure 3 . As expected

for these types of formulations, the injectability (calculated as time for 1 mL

injection) is close to linearly proportional to viscosity.

Example 3 - Comparative formulation studies with SOM230 acetate and

SOM230 hydrochloride

Preparation of SOM230 hydrochloride

The SOM230 hydrochloride salt was prepared from SOM230 acetate using an ion

exchange process. The ion exchange column was prepared by putting glass wool

(HPLC grade) in the bottom of a 200 mL glass chromatography column from

Sigma-Aldrich. A mixture of approximately 20 mL of Dowex 1x2 chloride form

(Sigma-Aldrich) and distilled water (volume ratio 1:1) was added followed by a

piece of glass wool on the top of the column. The column was rinsed with distilled

water and the conductivity was measured. When the conductivity was below 35

µ / η, a volume of 40 mL WFI was added to the column.

For the ion exchange, a SOM230 acetate (SOM230(Ac)) sample was prepared in a

100 mL Pyrex flask. The sample was diluted with WFI to a final volume of 65.55

mL and a concentration of 3.8 mg SOM230(Ac)/mL. The SOM230(Ac) solution



was transferred to the ion exchange column using a plastic disposable pipette. The

Pyrex flask was rinsed with an additional 20 mL of WFI which was also transferred

to the column. Sample fractions of 20 mL were collected as the column was rinsed

with WFI. The conductivity was measured in each fraction and fractions were

collected until the conductivity was below 75 µ / . All fractions were pooled

together in a 1000 mL round bottom flask (pooled volume ca 180 mL).

The round bottom flask from the previous step was kept at 2-8°C until further use.

The flask was mounted on a Rotavapor and put on approximately 80% of maximum

rotation speed. The solution was shell-frozen by lowering the rotating flask in an

EtOH bath containing dry ice and a mixture of 99.5% and 96% EtOH (volume ratio

1:1) for 10 minutes. After shell-freezing, the round bottom flask was kept at -80°C

for 30 min before the freeze-drying was started.

The material was freeze-dried for almost 30 h . The SOM230 hydrochloride

(SOM230(C1)) powder obtained was thereafter transferred and weighed into a 250

mL Pyrex flask. The total amount of SOM230(C1) recovered was 0.215 g, resulting

in a 86%o yield of the ion exchange process. The peptide powder was stored in a

freezer (< -15°C) until further use.

Pharmaceutical analysis of SOM230 hydrochloride

A comparison of the purity data (HPLC) for the SOM230(Ac) and the SOM230(C1)

indicated that the integrity of the SOM230 material remained intact through the ion

exchange process. The chloride content was determined by HPLC to 5.15 wt%

which corresponded well to the determined acetate content of 8.90 wt% in the

original SOM230(Ac) drug powder when the acetate/chloride weight ratio is taken

into account. The analysis of the SOM230(C1) drug powder did not detect any

presence of acetate ions, demonstrating a successful and complete ion exchange

process.

Solubility

Lipid formulations with SOM230(Ac) and SOM230(C1), respectively, were

prepared as described in Example 1 according to Tables 8 and 9 . The target

concentration was a SOM230 (free base) concentration of approximately 30 mg/mL.



Table 8. Compositions (wt%) of lipid/SOM230(Ac) formulations.

Table 9 . Compositions (wt%) of lipid/SOM230(Cl) formulations.

The samples were allowed to equilibrate at room temperature on a magnetic stirrer

(500 rpm) after brief vortex mixing. Visual inspection was performed after 1.5 and

24 hours. All formulations indicated in Tables 8 and 9 were transparent and

homogenous after 24 h mixing indicating good solubility of both the acetate and the

hydrochloride salt forms. Formulations of SOM230 pamoate (SOM230(Pm)) with

identical lipid and co-solvent composition to those described in Tables 8 and 9 were

prepared according to the same procedure.

Stability comparison

The lipid/SOM230(Pm), lipid/SOM230(Cl) and lipid/SOM230(Ac) formulations

were divided into two 2R vials which were placed at 60°C and the remaining

amount from the preparation was assayed by HPLC (time point zero).



The samples stored at 60°C were pulled out after 2 weeks of storage for visual

inspection and HPLC analysis.

The results of the HPLC analysis are provided in Figure 4 and shows the difference

in stability profile between the salt forms for the investigated formulation variants

(because the SPC/GDO weight ratio was equivalent for all salt forms, formulation

variants are differentiated by their solvent composition in Figure 4). The results after

storage for 2 weeks at 60°C clearly indicate that SOM230 pamoate is the most stable

salt form in the lipid formulations. The hydrochloride salt of SOM230 was also

more stable than the acetate salt but not as stable as the pamoate salt.

Example 4 - In vivo PK studies I and II

Formulations

Formulations used for in vivo pharmacokinetic (PK) study I in rat (study no. PK-12-

437) are outlined in Table 10. A constant SOM230 load (pamoate salt)

corresponding to 30 mg SOM230 free base/mL was selected for all formulations.

Combinations of different solvents, EtOH, EtOH/PG and EtOH/WFI, were

investigated. The primary aim was to characterize the PK profiles of the different

formulation variants of SOM230 pamoate.

Table 10. Lipid/SOM230 formulations selected for PK study I (PK- 12-437).

Compositions are provided in wt%.

* The SOM230 pamoate concentration corresponds to 30 mg SOM230 free base/mL when corrected
for peptide purity and content and formulation density.

Formulations used for in vivo PK study II in rat (study no. PK- 12-43 8) are outlined

in Table 11. The primary aim was to characterize effects of increasing the SOM230

load on the PK profile. For this study a combination of EtOH and water (WFI) was

used as solvent for the formulations at a fixed concentration of 10 wt% of each



component as indicated in Table 11. Formulation 4071S230-C was investigated in

both PK studies providing a bridge between the studies.

Table 11. Lipid/SOM230 formulations selected for PK study II (PK- 12-438).

Compositions are provided in wt%.

* The SOM230 pamoate concentrations correspond to 30, 40, 50 and 60 mg SOM230 free base/mL,
respectively, when corrected for peptide purity and content and formulation density.

Manufacturing of the formulations in Tables 10 and 11 was performed essentially as

described in Example 1 with the addition of a sterile filtration step after complete

mixing into homogenous liquid formulations. The formulations were sterile filtered

under 2.5 bar nitrogen pressure using a PVDF 0.2 micron membrane filter from

Millipore.

In vivo study performance

The formulations in Table 10 (PK- 12-43 ) were injected subcutaneously to male

Sprague-Dawley rats (body weight ca 330 g) at a dose volume of 0.2 mL per animal

(6 mg SOM230/animal) whereas the formulations in Table 11 (PK-12-438) were

injected at a dose volume of 0.1 mL/animal corresponding to 3, 4, 5 and 6 mg

SOM230/animal for 4071S230-C, 4071S230-E, 4071S230-F and 4071S230-G,

respectively. Blood for pharmacokinetics were collected pre-dose, and 1 hour, 6

hours, 1 day, 7 days, 14 days, 2 1 days, 28 days and 35 days after dosing. Blood

samples of 0.5 mL were collected by sub-lingual bleeding into EDTA-treated test

tubes (Capiject 3T-MQK, Terumo Medical Corporation). The blood was placed on

ice immediately after collection and centrifuged (approximately 1500 g, at 5 °C for

10 min) within 30 to 60 minutes. The plasma was transferred into properly labelled

translucent 1.5-mL propylene test tubes (Microcentrifuge tubes, Plastibrand, Buch &

Holm) and stored below -70 °C until bioanalysis by ELISA assay.



Pharmacokinetics

The PK profiles of the respective formulations in Tables 10 and 11 are provided in

Figures 5 and 6 .

As is clear from the data in Figure 5, the PK profiles are very flat with Cmax/C28d

plasma concentration ratios between about 3.1-4.9, where Cmax is the maximum

plasma concentration observed and C28d is the plasma concentration observed at 28

days post injection. In terms of Cmax/Caverage ratios, where Caverage is the

average plasma concentration over the target 28 days duration, this ratio is even

lower than the respective Cmax/C28d ratio. Thus, the initial release (or burst) is low

followed by consistent plasma levels, fulfilling the PK requirements for effective

depot formulations. The main PK-parameters obtained in PK-12-437 are tabulated in

Table 12.

TableH. PK parameters obtained in PK study no. PK-12-437. Formulation

compositions are provided in Table 10.

The data in Figure 6 show again that the release rate is consistent over time resulting

in very flat PK profiles. Cmax/C28d plasma concentration ratios were between

about 3.4-9.2 for the formulations indicated in Table 11. In terms of Cmax/Caverage

ratios, this ratio is even lower than the respective Cmax/C28d ratio. The main PK-

parameters obtained in PK- 12-43 8 are tabulated in Table 13.



Table 13. PK parameters obtained in PK study no. PK-12-438. Formulation

compositions are provided in Table 11.

Dose linearity with respect to exposure (AUC) was clearly indicated as shown in

Figure 7 (R2 = 0.977). Dose linearity with respect to Cmax was also shown as

indicated in Figure 8 (R2 = 0.975).

Example 5 - Explorative stability testing

The formulations evaluated in the PK studies (Tables 10 and 11) were also subjected

to explorative stability testing. In addition to these formulations, one additional

formulation was manufactured comprising the antioxidant disodium

ethylenediamine tetraacetic acid (EDTA). The formulation composition of the

additional formulation is provided in Table 14 (see Tables 10 and 11 for

compositions of the other formulations).

Table 14. Lipid/SOM230 formulation comprising antioxidant included

explorative stability testing. Composition in wt%.

*The SOM230 pamoate concentration corresponds to 30 mg SOM230 free base/mL when corrected
for peptide purity and content and formulation density.
**0.1 mg disodium EDTA/mL in WFI.

Summary of explorative stability study set-up

Each formulation was filled in 2R vials with 0.8 g per vial followed by flushing with

nitrogen for 5 seconds and closing with Teflon-coated rubber stoppers and

aluminum crimp caps. The storage conditions for formulations provided in Tables



10 and 14 were 5°C, 25°C/60% RH, 40°C/75% RH and 60°C whereas the

formulations provided in Table 11were only evaluated at 5°C and 25°C/60% RH.

The samples were always allowed to equilibrate for 60 min at ambient RT before

start of the HPLC UV-DAD (diode array detection) analysis.

Results

The assayed (HPLC UV-DAD) peptide contents after up to 8 weeks of storage are

summarized in Tables 15 and 16 whereas the peptide purity results, calculated as the

area of the SOM230 peak divided by the total area of the SOM230 peak and related

substances, are summarized in Tables 1 and 18.

Table 15. SOM230 content analysis (by HPLC UV-DAD) of formulations (see

Tables 10 and 14) stored at 5, 25, 40 and 60°C up to 8 weeks.

t = t = 2 weeks t = 4 weeks t = 8 weeks

Batch / SOM230 Storage SO 23 of S 23 % of SO 23 % of
Sample no. content conditions content start content start content start

(mg g) (mg g) value (mg/g) value (mg/g) value

5°C 31.9 105.3 31.4 103.7

B4071S230 25°C/60% RH 31.8 105.0 30.8 101.7
30.3

-1202-01 40°C/75% RH 30.7 101.3 30.7 101.2 29.2 96.2

60°C 27.1 89.5 25.1 82.9

5°C 32.5 106.3 31.3 102.4

B4071S230 25°C/60% RH 32.1 104.9 31.0 101.3
30.6

-1202-02 40°C/75% RH 30.9 100.8 31.6 103.2 29.2 95.4

60°C 26.4 86.1 26.0 84.9

5°C 32.1 104.6 31.2 101.6

B4071S230 25°C/60% RH 31.8 103.5 30.6 99.7
30.7

-1202-03 40°C/75% RH 30.4 99.0 29.2 101.6 29.3 95.3

60°C 26.9 87.5 27.1 88.3

5°C 30.1 104.7 29.4 102.6

B4071S230 25°C/60% RH 29.8 104.0 29.2 101.9
28.7

-1202-04 40°C/75% RH 29.1 101.4 29.2 101.6 27.9 97.1

60°C 25.9 90.3 23.4 81.6

5°C 32.8 107.7 31.3 102.9

4071S230- 25°C/60% RH 31.8 104.5 30.9 101.5
30.4

1202-109 40°C/75% RH 30.7 100.9 31.2 102.7 30.0 98.6

60°C 28.3 91.2 27.4 90.1



Table 16. SOM230 content analysis (by HPLC UV-DAD) of formulations (see

Table 11) stored at 5 and 25°C up to 8 weeks.

Table 17. SOM230 purity analysis (by HPLC UV-DAD) of formulations (see

Tables 10 and 14) stored at 5, 25, 40 and 60°C up to 8 weeks.

t = t = 2 weeks t = 4 weeks t = 8 weeks
Batch / Rei. Area Storage

Sample no. SO 23 conditions Rel. Area Rel. Area Rel. Area

(%) SO 23 (%) SUM 2 3 (%) SOM230 (%)

5°C 98.8 98.8

B4071S230- 25°C/60% RH 98.4 98.3
98.9

1202-01 40°C/75% RH 98.1 96.9 96.1

60°C 91.4 86.2

5°C 98.7 98.8

B4071S230- 25°C/60% RH 98.3 98.2
98.9

1202-02 40°C/75% RH 97.9 96.8 95.4

60°C 90.1 85.4

5°C 98.8 98.9

B4071S230- 25°C/60% RH 98.3 97.7
99.1

1202-03 40°C/75% RH 97.0 95.6 94.9

60°C 90.4 85.8

5°C 98.7 98.7

B4071S230- 25°C/60% RH 98.3 98.1
98.6

1202-04 40°C/75% RH 98.1 96.9 96.0

60°C 91.3 85.7

5°C 99.0 99.1

4071S230- 25°C/60% RH 98.6 98.7
99.1

1202-109 40°C/75% RH 98.5 97.6 96.3

60°C 92.9 88.3



Table 18. SOM230 purity analysis (by HPLC UV-DAD) of formulations (see Table

11) stored at 5 and 25°C up to 8 weeks.

The following conclusions were drawn based on the peptide content and purity data:

No change in SOM230 content or purity at 5°C was detected (within experimental

variability).

Only small changes in the peptide content and purity were detected at 25°C.

Depending on formulation type, peptide purity decreased by 2.6-4.2% after 8 weeks

at 40°C with a trend towards decreasing degradation rate with storage time.

A positive effect of the inclusion of EDTA was detected as shown by comparing

B4071S230-1202-03 (without EDTA) and 4071S230-1202-109 (with EDTA).

Example 6 - In vivo PK study III (PK-12-451)

Formulations

Formulations used for in vivo pharmacokinetic (PK) study III in rat (study no. PK-

12-451) are outlined in Table 19. The SOM230 concentrations investigated

correspond to 40 mg and 50 mg SOM230 free base/mL for the respective

formulations. A combination of ethanol (EtOH) and propylene glycol (PG) was used

for all formulations. The primary aim was to characterize the PK profiles of the

different formulation variants of SOM230 pamoate.



Table 19. Lipid/SOM230 formulations selected for PK study III (PK- 12-451).

Compositions are provided in wt%.

*The SOM230 pamoate concentration corresponds to 40 mg SOM230 free base/mL for 4071S230-H,

-J and -K and 50 mg/niL for 4071S230-I when corrected for peptide purity and content and

formulation density.

Manufacturing of the formulations in Table 19 was performed essentially as

described in Example 1 with the addition of a sterile filtration step after complete

mixing into homogenous liquid formulations. The formulations were sterile filtered

under 2.5 bar nitrogen pressure using a PVDF 0.2 micron membrane filter from

Millipore.

In vivo study performance

The formulations in Table 19 (PK- 12-451) were injected subcutaneously to male

Sprague-Dawley rats (body weight ca 330 g) at a dose volume of 0 .1 mL per animal

(6 mg SOM230/animal) corresponding to 4 and 5 mg SOM230/animal for

4071S230-H, 4071S230-J, 4071S230-K and 4071S230-I, respectively. Blood for

pharmacokinetic analysis was collected 1 hour, 6 hours, 1 day, 3 days, 7 days, 14

days, 2 1 days, 28 days and 35 days after dosing. Blood samples of 0.5 mL were

collected by sub-lingual bleeding into EDTA-treated test tubes (Capiject 3T-MQK,

Terumo Medical Corporation). The blood was placed on ice immediately after

collection and centrifuged (approximately 1500 g, at 5 °C for 10 min) within 30 to

60 minutes. The plasma was transferred into properly labelled translucent 1.5-mL

propylene test tubes (Microcentrifuge tubes, Plastibrand, Buch & Holm) and stored

below -70 °C until bioanalysis by ELISA assay.

The PK profiles of the respective formulations in Table 19 are provided in Figure

10.



As is clear from the data in Figure 9, the PK profiles are generally flat with

somewhat higher plasma levels over the first 14 days for 4071S230-I. The

Cmax/C28day plasma concentration ratios varied in the range 2.6-8.4 depending on

formulation variant.

A noteworthy result is the fact that the lowest Cmax/C28day plasma level ratio and

hence for this perspective the most attractive PK profile was obtained for 4071S230-

J comprising DOPC instead of SPC (see Table 19 for compositions).

The main PK-parameters obtained in PK- 12-451 are tabulated in Table 20.

Table 20. PK parameters obtained in PK study PK- 12-45 1. Formulation

compositions are provided in Table 19.



Example 7 - Further explorative stability testing

Summary of explorative stability testing

The compositions of the formulations investigated in the stability study are provided

in Table 19. Each formulation was filled in 2R vials with 1.0 g per vial followed by

flushing with nitrogen for 5 seconds and closing with Teflon-coated rubber stoppers

and aluminium crimp caps. The storage conditions were 5°C and 25°C/60% RH

(ICH compliant). The samples were always allowed to equilibrate for 60 min at

ambient RT before start of the HPLC UV-DAD (diode array detection) analysis.

SOM230 purity analysis (by HPLC UV-DAD) up to 12 weeks

The results from the SOM230 purity analysis after storage up to 12 weeks are

presented in Figures 10 and 11. No change in the SOM230 purity was detected at

5°C. The total related substances (RS = 100% - found peptide purity) observed after

12 weeks at 25°C was in the range of 1.4-1 .9% with the starting values at release

(time zero) being in the range from 0.9-1.1%. The SOM230 (pamoate) drug powder

was found to contain about 0.7%> related substances and hence this level should be

taken as the reference level. Adjusted for the SOM230 drug powder reference level,

the total related RS, or total degradation products, found after 12 weeks at 25°C was

in the range of 0.7-1 .3% whereas the increase of total RS up to 12 weeks, with time

zero as reference, was in the range 0.3-0.9% with the DOPC-based formulation

(B4071S30-1206-1 1, see Table 19) showing the lowest total RS.

Example 8 - Further SOM230 compositions comprising DOPC

Lipid formulations of SOM230 comprising DOPC were prepared as described in

Example 1 resulting in homogenous liquids after the mixing process. The

formulation compositions are provided in Table 21.

Table 21. Lipid/SOM230 formulations comprising DOPC. Compositions are

provided in wt%.

*The SOM230 pamoate concentration corresponds to 60 mg SOM230 free base/mL when corrected

for peptide purity and content and formulation density.



The formulations (0.2 g) were injected into 5 mL phosphate buffered saline (PBS pH

7.4) using a 1 mL disposable Luer-Lock syringe equipped with a 23G thin wall 16

mm needle. All formulations formed coherent liquid crystal gels in contact with

PBS.

Example 9 - SOM230 compositions comprising DOPC and different solvent
content

Lipid formulations of SOM230 comprising DOPC and different solvent content

were prepared essentially as described in Example 1 with the addition of a sterile

filtration step after complete mixing into homogenous liquid formulations. The

formulations were sterile filtered under 2.5 bar nitrogen pressure using a PVDF 0.2

micron membrane filter from Millipore. The formulation compositions are provided

in Table 22.

Table 22. Lipid/SOM230 formulations comprising DOPC and different solvent

content. Compositions are provided in wt%.

The formulations (0.2 g) were injected into 5 mL phosphate buffered saline (PBS pH

7.4) using a 1 mL disposable Luer-Lock syringe equipped with a 23G thin wall 16

mm needle. All formulations formed coherent liquid crystal gels in contact with

PBS.

Example 10 - High drug load SOM230 compositions

High loading lipid formulations of SOM230 comprising DOPC and different solvent

content are prepared essentially as described in Example 1 with the addition of a

sterile filtration step after complete mixing into homogenous liquid formulations.



The formulations are sterile filtered under 2.5 bar nitrogen pressure using a PVDF

0.2 micron membrane filter from Millipore. The formulation compositions are

provided in Table 23.

Table 23. High SOM230 drug load lipid compositions

The formulations (0.2 g) are injected into 5 mL phosphate buffered saline (PBS pH

7.4) using a 1 mL disposable Luer-Lock syringe equipped with a 23G thin wall 16

mm needle. All formulations form coherent liquid crystal gels in contact with PBS.



CLAIMS:

1) A pre-formulation comprising a low viscosity mixture of:

a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 w t .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

wherein the pre-formulation forms, or is capable of forming, at least one liquid

crystalline phase structure upon contact with excess aqueous fluid.

2) A pre-formulation as claimed in claim 1 wherein the peptide somatostatin

receptor agonist comprises or consists of pasireotide or a salt thereof, preferably

wherein said pasireotide salt is selected from the group consisting of pasireotide

chloride, pasireotide acetate, pasireotide pamoate and pasireotide tartrate, and most

preferably consisting of pasireotide pamoate.

3) The pre-formulation as claimed in claim 1 or 2, wherein the peptide

somatostatin receptor agonist consists of pasireotide and optionally octreotide.

4) A pre-formulation as claimed in any of claims 1 to 3 wherein said pre-

formulation comprises a peptide somatostatin receptor agonist dosage in the range of

10 to 100 mg/ml, more preferably 10 to 70 mg/ml, for example 20 to 60 mg/ml,

most preferably 30 to 60 mg/ml.

5) A pre-formulation as claimed in any of claims 1 to 4 wherein component a)

comprises or consists of glycerol dioleate (GDO).



6) A pre- formulation as claimed in any of claims 1 to 5 wherein component b)

comprises or consists of soy PC or PC with at least 95% PC head groups and at least

95% C16 to C20 acyl chains having 0 to 3 unsaturations.

7) A pre- formulation as claimed in any of claims 1 to 6 wherein component c)

comprises or consists of ethanol, propanol, isopropanol or mixtures thereof,

preferably ethanol.

8) A pre- formulation as claimed in any of claims 1 to 7 wherein component d)

comprises water or propylene glycol or mixtures thereof and preferably comprises at

least 2% water.

9) A pre- formulation as claimed in any of claims 1 to 8 wherein the antioxidant

is ascorbic acid, ascorbyl palmitate, EDTA or citric acid, preferably EDTA.

10) A pre- formulation as claimed in any of claim 1 to 9 wherein the antioxidant

is excluded, in particular wherein ascorbic acid, EDTA and/or citric acid are

excluded.

11) A pre- formulation as claimed in claim 10 wherein component b) comprises

or consists of DOPC; DPPC, DSPC; MPPC; MSPC; PMPC; POPC; PSPC; SMPC;

SOPC; SPPC and mixtures thereof.

12) A pre- formulation as claimed in any of claims 1 to 11 wherein said pre-

formulation excludes fragmentation agents, particularly polyethyleneoxide grafted

lipids, such as polyoxyethylene (20) sorbitan monooleate (P80).

13) A pre- formulation as claimed in claims 1 to 12 wherein component a) is

present at a level of 30-40%> by weight.

14) A pre- formulation as claimed in claims 1 to 13 wherein component b) is

present at a level of 30-45%> by weight.

15) A pre- formulation as claimed in claims 1 to 14 wherein component c) is

present at a level of 5-12 wt.%.



16) A pre-formulation as claimed in claims 1 to 15 wherein component d) is

present at a level of 1.2 to 20 % by weight, preferably 5 to 20 wt.%, more preferably

5-18 wt.%, most preferably 8-15 wt.%.

17) A pre-formulation as claimed in any of claims 1 to 16 wherein components

c) and d) combined are present at a total level less than or equal to 30 % by weight,

preferably 25% by weight, more preferably 20 % by weight, for example in the

range 15-30 wt. %.

18) A pre-formulation as claimed in any of claims 1 to 17 wherein the ratio of

components a:b is in the range 45:55 to 54:46.

19) A pre-formulation as claimed in any of claims 1 to 18 wherein d) is water or

aqueous fluid and the ratio of components c:d is preferably in the range 40:60 to

70:30.

20) A pre-formulation as claimed in any of claims 1 to 18 wherein d) is PG and

the ratio of components c:d is preferably in the range 90:10 to 25:75.

21) A pre-formulation as claimed in any of claims 1 to 20 wherein said pre-

formulation has an L2 phase structure.

22) A pre-formulation as claimed in any of claims 1 to 2 1 comprising at least one

formulation selected from those listed in Tables 1-3.

23) A pre-formulation as claimed in any of claims 1 to 22 wherein GLP-1, GLP-

1 analogues and GLP-1 receptor agonists and/or antagonists are not present.

24) A pre-filled administration device containing a pre-formulation as claimed in

any of claims 1 to 23.

25) The device as claimed in claim 24 being a syringe or syringe barrel, a

needle-less injector, a multi- or single-use injector, a cartridge or a vial.



26) The device of any of claims 24 to 25 containing a single dose of 1 to 200 mg,

preferably 1 to 150 mg, of peptide somatostatin receptor agonist, preferably

pasireotide pamoate.

27) The device of any of claims 24 to 26 containing peptide somatostatin

receptor agonist, preferably pasireotide pamoate, at around 0.2 to 4 mg per day

between scheduled administrations, preferably around 0.6 to 3 mg per day,

particularly 1 to 2 mg/day.

28) The device of any of claims 24 to 27 containing a total volume for

administration of no more than 5 ml, preferably no more than 2 ml, more preferably

around 1.5 ml.

29) A kit comprising an administration device as claimed in any of claims 24 to

28.

30) A process for the formation of a pre-formulation suitable for the

administration of a peptide somatostatin receptor agonist to a (preferably

mammalian) subject, said process comprising forming a low viscosity mixture of:

a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 wt .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

and dissolving or dispersing at least one peptide somatostatin receptor agonist in the

low viscosity mixture, or in at least one of components a), b), c), d) and optionally f)

prior to forming the low viscosity mixture.

31) The process as defined in claim 30 wherein the pre-formulation formed is a

pre-formulation as defined in any of claims 1 to 23.



32) Use of a low viscosity mixture of:

a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 wt .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

in the manufacture of a pre-formulation for use in the sustained administration of

said peptide somatostatin receptor agonist.

33) The use as claimed in claim 32 wherein the low viscosity mixture is as

defined in any of claims 1 to 23.

34) A method for the treatment of a human or non-human mammalian subject

comprising administering to said subject a pre-formulation as claimed in any of

claims 1 to 23.

35) The method of claim 34 for the treatment of a human or non-human

mammalian subject in need thereof, wherein said subject has Cushing's disease,

acromegaly, type I or type II diabetes mellitus, and/or complications thereof,

irritable bowel syndrome, inflammatory diseases, inflammatory bowel disease,

psoriasis or rheumatoid arthritis, polycystic kidney disease, dumping syndrome,

watery diarrhea syndrome, AIDS-related diarrhea, chemotherapy-induced diarrhea,

acute or chronic pancreatitis and gastrointestinal hormone secreting tumors,

lymphocyte malignancies or gastrointestinal bleeding.

36) The method of claim 34 for the treatment of a human or non-human

mammalian subject in need thereof, wherein said subject has Cushing's disease or

acromegaly. .



The method of any of claims 34 to 36 comprising administration by:

i) i.m. injection

ϋ) s.c. injection

iii) deep s.c. injection

iv) intravitreal

v) other parenteral administration routes.

38) The method of any of claims 34 to 37 comprising administration by means of

a pre-filled administration device, preferably a device as claimed in any of claims 24

to 29.

39) The method of any of claims 34 to 38 comprising a single administration

every 20 to 100 days, preferably 28 to 60 days, more preferably 30 to 45 days.

40) Use of:

a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-54 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

d) 1 to 20 wt .% polar solvent

e) 5 to 150 mg/ml of at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

wherein the ratio of components a:b is in the range 40:60 to 54:46;

in the manufacture of a low viscosity pre- formulation medicament for use in the in

vivo formation of a depot for treatment of at least one condition selected from

Cushing's disease and acromegaly.

41) The use according to claim 40 wherein the pre-formulation used is a pre-

formulation as defined in any of claims 1 to 23.

42) A pre- formulation as claimed in any of claims 1 to 23 for use in a method as

claimed in any of claims 34 to 39.



43) Use of a polar solvent in a low viscosity mixture comprising:

a) 20-50 wt.% of at least one diacyl glycerol;

b) 20-5480 wt.% of at least one phosphatidyl choline (PC);

c) 5-15 wt.% of at least one biocompatible, organic mono-alcoholic

solvent;

e) 5 to 150 mg/ml at least one peptide somatostatin receptor agonist

comprising pasireotide;

f) optionally at least one antioxidant;

to reduce the discomfort on injection, decrease the viscosity and/or improve the

release profile, without negatively affecting the release profile.
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