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Liquid formulations of daptomycin

Field of the invention

The present invention relates to liquid pharmaceutical compositions comprising
daptomycin, methods of providing such compositions and the use thereof.

Background of the invention

Lipopeptides represent a class of powerful anti-infective drugs which exhibit highly
effective antibacterial action against multi-resistant bacteria, as well as antifungal
activity. A wide variety of lipopeptide drugs, such as daptomycin, are now available on
the market in order to fight invasive and often life-threatening infections.

Daptomycin is the first cyclic lipopeptide antibiotic approved by the U.S. Food and
Drug Administration (FDA) in 2003, for the treatment of infections caused by Gram-
positive pathogens, including methicillin- and vancomycin-resistant strains. Due to
unique mechanism of action distinct from all other antimicrobial agents available in the
market, daptomycin is able to overcome the mechanisms of resistance that many
resistant strains have developed, and considering that rare incidences of clinical
resistance to daptomycin are reported, the drug has become very important for current
clinical practice.

Daptomycin (Figure 1) is composed of a decanoyl side chain attached to the N-
terminus of a 13-amino acid peptide, wherein ten of the amino acids form a cyclic
structure and the other three form a chain.

The cyclic section of the molecule is linked to the side chain through an ester bond

between the C-terminal carboxyl group of kynurenine and the fourth residue (threonine).
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Figure 1. Molecular structure of daptomycin

According to the available literature, it is extremely difficult to stabilize daptomycin in
solutions due to the fact that daptomycin is susceptible to hydrolytic degradation and is

known to degrade by aspartyl transpeptidation at asp-9 residue in mildly acidic solutions.

According to Kirsch et al. Pharmaceutical Research, 1989, Muangsiri et al.,
International Journal of Pharmaceutics, 2005, and Muangsiri et al., Journal of
Pharmaceutical Sciences, 2001, this degradation pathway involves the formation of a
succinimido intermediate (anhydrodaptomycin) formed by attack of carbonyl carbon of
Asp9 side chain and subsequent reversible formation of two aspartic acid isomers formed
by rehydration of the anhydrodaptomycin succinimide.

Kirsch et al. Pharmaceutical Research, 1989, and Muangsiri et al., Journal of
Pharmaceutical Sciences, 2001, page 1067, additionally disclose that unknown, parallel
pathways of daptomycin loss have been observed and are thought to include asparaginyl
deamidation, ester hydrolysis, and/or peptide bond cleavage.

The degradation pathways of daptomycin under acidic, neutral, and alkaline
conditions are known as ester hydrolysis occurring in alkaline condition, aspartyl
transpeptidation as the predominant pathway in the pH range of 3-6 and unknown
degradation pathway which occurs at low pH. Besides dependency of impurity formation
on pH, they are also temperature dependent.
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In light of its instability in solution, daptomycin is currently commercially available
only in a form of lyophilized powder for intravenous infusion (Cubicin® and Cubicin RF®)
which requires reconstitution and subsequent dilution step prior to patient
administration.

Considering that daptomycin is administered intravenously on a daily basis during
long-term treatment, and often only the reconstitution step takes of about 30 minutes
or even more, lyophilized powder is not a convenient and practical form for medical
professionals to handle.

Limited stability of reconstituted and diluted formulations is also an obvious drawback

of such a valuable drug.

Accordingly, formulations of daptomycin that do not require lyophilization and/or

reconstitution and exhibit typical storage physico-chemical stability are needed.

The disclosure provided in W02011063419 discloses powder daptomycin formulations
with improved chemical stability and faster reconstitution times when in the solid state.
However, liquid compositions without the need for lyophilization and being stable for
prolonged time are not disclosed.

W02014041425 also discloses lyophilized daptomycin formulations having improved
reconstitution times. Again, no stable liquid compositions are disclosed without the need
for lyophilization.

Invention described in W02014045296 relates to stable pharmaceutical formulation
comprising daptomycin. However, lyophilization is needed.

WO02013103801 reports powdered formulations comprising daptomycin and
polyethylene glycol.

W02016098009 relates to lyophilized compositions comprising daptomycin.

Kirsch et al. (Pharmaceutical Research, 1989) describe aqueous solutions of
daptomycin with the pH range of 3 to 8, wherein daptomycin degradation products
(anhydrodaptomycin and beta isomer) formations are investigated through different pH
conditions. However, they were unable to stabilize daptomycin in solution and to prevent

degradation formation.
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Liquid compositions of daptomycin have been reported in W02011062676 and
WO02011035108, filed by the same applicant, however those compositions comprise
daptomycin in considerably lower concentrations of up to 25 mg/mL.

Invention disclosed in EP0386951 provides formulations of daptomycin and different
buffers, which allow daptomycin to be prepared in 5% dextrose.

W02016059587 and W02016059592 relate to stable, non-aqueous and ready-to-use
injectable composition of daptomycin. However, according to the description, water
content of such formulations is less than 2%, since it is well known that daptomycin
degrades at fast rate in aqueous solutions.

Summary of the invention

The present invention was made in view of the prior art and current medical
practitioners needs, and is dealing with the problem of providing stable daptomycin liquid
pharmaceutical formulations as a contrast to inconvenient and potentially problematic
methods of lyophilized drug preparation and administration, wherein the liquid
formulations of daptomycin offer the advantage of easiness of handling with a high
degree of patient acceptability and compliance.

Provided herein are stable liquid pharmaceutical formulations comprising daptomycin
and one or more solvents selected from the group consisting of polar protic solvents,
and mixtures thereof.

In accordance of the present invention, provided are stable liquid pharmaceutical
formulations comprising daptomycin, one or more solvents selected from the group
consisting of polar protic solvents and further comprising a polar aprotic solvent, and
mixtures thereof.

Encompassed by the present invention are formulations as disclosed above, further
comprising calcium.

Additionally, compositions of the present invention may further comprise one or more
pharmaceutically acceptable excipients such as carriers, antioxidants, surfactants, lipids,
sugars, organic acids, complexing agents, preservatives, stabilizers, bulking agents,
surfactants, buffers, carriers, diluents, vehicles, solubilizers and binders.

According to the present invention, concentration of daptomycin in solutions may
range from about 10 mg/mL to about 120 mg/mL.
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Surprisingly it was found when daptomycin is formulated in solutions according to the
present invention, degradation products formation is retarded, and accordingly, such
solutions are stable both chemically and physically and provide more flexible storage
conditions and handling.

As a further advantage of the present invention, water content of the disclosed
compositions may be up to about 15% w/V.

Formulations provided herein can be stored at room temperature (25°C), below room
temperature, such as temperature of about 20°C, about 15°C, about 10°C, and
refrigerated conditions such as 2-8°C.

Methods of making and using formulations of daptomycin for treatment of microbial
infections, particularly caused by Gram-positive organisms, are also described.

Other objects, features and advantages of the present invention will become apparent
from the following detailed description and examples. It should be understood, however,
that the detailed description and the examples, while indicating specific embodiments of
the invention, are given by way of illustration only, and are not intended to limit the

breadth or scope of the invention concepts in any manner.
Detailed description of the invention

Stable and pharmaceutically acceptable liquid compositions of daptomycin have been
discovered and reported herein.

Term “stable” as used herein, refers to a pharmaceutical formulation containing
daptomycin having sufficient stability to have utility as a pharmaceutical product.

The disclosed formulations exhibit acceptable stability with regard to retaining the
daptomycin efficacy and potency in solution dosage form, avoid unacceptable
degradation of active substance to undesired related substances, and retain
pharmaceutically desirable appearance such as acceptable color, clarity and no visible
particles.

By terms "pharmaceutical composition” or “pharmaceutically acceptable composition”
as used herein, is meant a composition that it is suitable for veterinary use as well as
human pharmaceutical use, wherein such composition is generally safe, relatively non-
toxic and does not cause unacceptable side effects, and contains pharmaceutically
acceptable excipients, e.g. without limitation to solvents, carriers, antioxidants,
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surfactants, lipids, sugars, organic acids, complexing agents, preservatives, stabilizers,
bulking agents, surfactants, buffers, carriers, diluents, vehicles, solubilizers and binders.

As used herein, the terms “pharmaceutical composition”, “pharmaceutical
formulation”, “composition” and “formulation” are used interchangeably.

In view of excipients, without limitation to solvents, carriers, antioxidants, surfactants,
lipids, sugars, organic acids, complexing agents, preservatives, stabilizers, bulking
agents, surfactants, buffers, carriers, diluents, vehicles, solubilizers and binders etc., as
used herein, “pharmaceutically acceptable” is meant that they are useful in preparing a
pharmaceutical composition that is generally non-toxic and neither biologically nor
otherwise undesirable, further that they do not cause unacceptable loss of
pharmacological activity of the drug in question, and are acceptable for use in treatment
of humans and/or animals.

The language "therapeutically effective amount” of the daptomycin compound, as
used herein, refers to an amount of daptomycin administered to a patient sufficient to
produce a therapeutic response to one or more of the symptoms of the disease being
treated.

As used herein, the term "about" is defined as +10% of the numerical value or range

in question.

Daptomycin degrades upon exposure to liquid(s), especially water, to three main
degradation products.

First degradation product is identified as anhydrodaptomycin (Figure 2.), which forms
by aspartyl transpeptidation at asp-9 residue.

Figure 2. Anhydrodaptomycin impurity
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Second undesirable product of daptomycin degradation is beta (B-aspartyl) isomer
(Figure 3) formed with the rehydration of anhydrodaptomycin.

Figure 3. Beta (B-aspartyl) isomer impurity

Another undesirable compound that daptomycin degrades to is lactone hydrolysis

product (Figure 4).

10
Figure 4. Lactone hydrolysis product impurity

As used herein, “stable” is defined either as no more than about 10% of total

impurities formation, determined by HPLC analysis, or as no more than about 5% of

15  every individual impurity formation, determined by HPLC analysis, under typical storage
conditions.

Analysis of the liquid formulations of the present invention can be performed using

techniques known in the art, including HPLC, gas chromatography, and NMR.
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In preferred embodiments, formulations are stable in view of no more than about
10% of total impurities formation with the second limitation wherein no individual
impurity is more than about 5%, determined by HPLC analysis, under typical storage
conditions.

For example, compositions according to this invention are stable if
anhydrodaptomycin impurity is about 5% or lower, beta about 5% or lower and lactone
hydrolysis product is about 5% or lower and if total impurities are no more than about
10%.

Stable pharmaceutical compositions of daptomycin, according to the present
invention, have sufficient stability to allow typical storage at a convenient temperature,
wherein the typical storage temperature range is from 2°C to 30°C, for a reasonable
period of time.

According to the present invention, disclosed pharmaceutically acceptable
formulations of daptomycin are stable over the course of typical storage conditions,
including time periods of about 7 days (1 week), about 14 days (2 weeks), about 30
days (1 month), about 60 days (2 months), about 150 days (5 months), about 180 days
(6 months), about 12 months (1 year) and longer at temperatures of about 25°C (room
temperature), below room temperatures, and refrigerated temperatures, for example,
about 2-8°C.

Preferably, the liquid formulations of the present invention are stored at refrigerated
temperatures, e.g. 2-8°C.

In preferred embodiments, formulations of the present invention will exhibit 5,0% or
less of anhydrodaptomycin, determined by HPLC analysis, after about 7 days (1 week)
or longer, stored at temperatures of about 2-8°C.

Additionally, formulations of the present invention will exhibit 5,0% or less of
anhydrodaptomycin, determined by HPLC analysis, after being stored about 7 days (1
week) or longer at temperature about 25°C.

In other embodiments of the present invention, formulations described herein will
exhibit about 5,0% or less of beta isomer, as determined by HPLC analysis, after about
7 days (1 week) or longer, stored at temperatures of about 2-8°C.
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Additionally, formulations of the present invention will exhibit 5,0% or less of beta
isomer, determined by HPLC analysis, after being stored about 7 days (1 week) or longer
at temperature about 25°C.

In other embodiments of the present invention, formulations will exhibit about 5% or
less of lactone hydrolysis product, as determined by HPLC analysis, after about 7 days
(1 week) or longer, stored at temperatures of about 2-8°C.

In other embodiments of the present invention, formulations will exhibit about 5% or
less of lactone hydrolysis product, as determined by HPLC analysis, after about 7 days
(1 week) or longer, stored at temperatures of about 25°C.

In certain embodiments of the present invention, formulations according to this
invention will exhibit about 5% or less of anhydrodaptomycin, about 5% or less of beta
isomer and about 5% or less of lactone hydrolysis product, determined by HPLC analysis,
after about 7 days (1 week) or longer, stored at temperatures of about 2-8°C.

In certain other embodiments of the present invention, formulations according to this
invention will exhibit about 5% or less of anhydrodaptomycin, about 5% or less of beta
isomer and about 5% or less of lactone hydrolysis product, determined by HPLC analysis,
after about 7 days (1 week) or longer, stored at temperatures of about 25°C.

In preferred embodiments of the present invention, formulations according to this
invention will exhibit about 5% or less of anhydrodaptomycin, about 5% or less of beta
isomer and about 5% or less of lactone hydrolysis product, determined by HPLC analysis,
wherein total impurities are no more than about 10%, determined by HPLC analysis,
after about 7 days (1 week) or longer, stored at temperatures of about 2-8°C.

In certain other preferred embodiments of the present invention, formulations
according to this invention will exhibit about 5% or less of anhydrodaptomycin, about
5% or less of beta isomer and about 5% or less of lactone hydrolysis product, determined
by HPLC analysis, wherein total impurities are no more than about 10%, determined by
HPLC analysis, after about 7 days (1 week) or longer, stored at temperatures of about
25°C.
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In one embodiment of the present invention, stable and pharmaceutically acceptable
liquid compositions of daptomycin comprise one or more solvents selected from polar
protic solvents, and mixtures thereof.

In other embodiment of the present invention, stable and pharmaceutically
acceptable liquid compositions of daptomycin comprise one or more solvents selected
from polar protic solvents and polar aprotic solvents, and mixtures thereof.

Pharmaceutically acceptable polar protic solvents, according to this invention, include
alkyl alcohols, ethanol, benzyl alcohol, ethylene glycol, propylene glycol, butylene glycol,
glycerin, glycerol, polysorbates, for example polysorbate 20, polysorbate 40, and
polysorbate 80, cyclodextrins (such as hydroxypropyl-B-cyclodextrin), polyalkylene
glycols, such as polyethylene glycol (PEG), polyethylene glycol 200 (PEG 200),
polyethylene glycol 300 (PEG 300), polyethylene glycol 400 (PEG 400), polyethylene
glycol 600 (PEG 600), polypropylene glycol, and polybutylene glycol, and primary amides
such as niacinamide.

According to the present invention, pharmaceutically acceptable polar aprotic solvents
include, for example ethyl acetate, dimethyl sulfoxide (DMSO), secondary and tertiary
amides, wherein secondary amides are selected from N-ethylacetamide, N-
ethylformamide, and tertiary amides are selected from dimethylacetamide (DMA), N-
methyl-N-vinylacetamide,  N,N-dimethylpropionamide, N,N-diethylacetamide (DEA),
N,N-diisopropylformamide and N,N-dimethyl formamide.

In addition, it was found that stable liquid compositions as disclosed above, can be
obtained with further addition of calcium, wherein calcium in such compositions is added
in the form of calcium chloride (CaCl;), Ca-a-D-heptagluconate, calcium lactate or
calcium acetate.

Therefore, stable and pharmaceutically acceptable liquid compositions of daptomycin
according to the above described embodiments, further comprising calcium are provided.

According to the present invention, calcium is present in a molar ratio of
daptomycin:calcium ranging from about 1:1 to about 1:5, such as about 1:1; about 1:2;
about 1:3, about 1:4 and about 1:5.

Stable liquid compositions of daptomycin, according to any embodiment of the
present invention may further comprise one or more pharmaceutically acceptable
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excipients, such as solubilizers, for example polyoxyl castor oil (Kolliphor® EL), polyoxyl
15 hydroxystearate (Kolliphor® HS 15), and soybean oil.

Formulations of the present invention comprise therapeutically effective amounts of
daptomycin, wherein therapeutically effective amounts include concentrations ranging
from about 10 mg/mL to about 120 mg/mL, such as concentration of about 10 mg/mL,
about 15 mg/mL, about 20 mg/mL, about 25 mg/mL, about 30 mg/mL, about 35 mg/mL,
about 40 mg/mL, about 50 mg/mL, about 60 mg/mL, about 70 mg/mL, about 80 mg/mL,
about 90 mg/mL, about 100 mg/mL, about 110 mg/mL and about 120 mg/mL.

According to the present invention, method for preparing stable liquid formulations
of daptomycin is provided, wherein method comprises dissolving daptomycin in one or
more pharmaceutically acceptable solvents selected from the group of polar protic
solvents and mixtures thereof, to form a solution.

In one aspect of the above mentioned method for preparing stable liquid formulations

of daptomycin, the method further comprises adding calcium to such formed solution.

It was further found that stable liquid compositions of daptomycin can be obtained

by mixing one or more polar protic solvents with one or more polar aprotic solvents.

In a further aspect of the above mentioned method of preparing stable liquid
formulations of daptomycin, the method further comprises adding calcium to such
formed solution.

According to the present invention, any of the above disclosed methods for preparing
stable liquid compositions of daptomycin can additionally comprise adding one or more
pharmaceutically acceptable excipients.

According to the present invention, disclosed formulations will typically comprise
100% or less, by volume of the formulation, of the polar protic solvent, wherein by polar
protic solvent is meant one polar protic solvent, or a mixture of two or more polar protic
solvents.

In one aspect of the present invention, formulations will comprise between about
30% and about 80%, by volume of the formulation, of the polar protic solvent, wherein



10

15

20

25

30

WO 2018/073269 PCT/EP2017/076519

-12 -

by polar protic solvent is meant one polar protic solvent, or a mixture of two or more
polar protic solvents.

According to the present invention, disclosed formulations will typically comprise 60%
or less, by volume of the formulation, of the polar aprotic solvent or mixture of two or
more polar aprotic solvents.

In other embodiments, formulations will comprise between about 5% and about 50%,
by volume of the formulation, of the polar aprotic solvent or mixture of two or more polar
aprotic solvents.

Additionally, formulations according to the present invention may comprise water to
about 15% w/V, wherein content of water can be high as 15% w/V, but also can be
lower than 15% w/V, such as 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1% and 0,5% w/V.

According to the invention, formulations can be further diluted with diluent(s) in order
to achieve lower therapeutically effective concentrations and according to the invention,
the "diluent(s)" of interest herein is one which is pharmaceutically acceptable; safe and
non-toxic for administration to a human, and is compatible for the preparation of a
diluted formulation.

Exemplary diluents include Sterile water for injection, Bacteriostatic water for injection
(BWFI), sterile saline solution (0.9% Sodium Chloride), Ringer's solution or dextrose
solution.

For example, in a typical preparation of diluted formulations, the appropriate volume
of the liquid formulation of the present invention needed for the required therapeutically
effective dose can be aseptically withdrawn and transferred into an infusion bag of 0.9%
Sodium Chloride, or of Sterile water for injection or of Bacteriostatic water for injection
and administrated to a patient via appropriate route of administration.

The liquid formulations of daptomycin described herein are intended to be
administered via injection, for example subcutaneously, intracutaneously, intravenously,
intramuscularly, intraarticularly,  intrasynovially, intrasternally, intrathecally,
intralesionally, intracranially or via infusion.

Also within the scope of the invention are uses of pharmaceutical formulations of
daptomycin, as disclosed herein, for treating diseases caused by Gram positive bacteria
such as complicated skin and soft-tissue infections (cSSTI), Staphylococcus aureus
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bloodstream infections (bacteremia), including those with right-sided infective
endocarditis (RIE).

These uses comprise administering to the patient a therapeutically effective amount
of formulations according to this invention or administering to the patient a
therapeutically effective amount of preparation prepared from a pharmaceutical

formulation of the present invention.

Embodiments encompassed by the present invention:

1. A pharmaceutical formulation comprising daptomycin, one or more polar protic
solvents, and mixtures thereof.

2. A formulation according to embodiment 1, wherein one or more polar protic
solvents are selected from ethanol, benzyl alcohol, 2-methyl-1-propanol, tert butyl
alcohol, ethylene glycol, propylene glycol, glycerol, polysorbates, such as polysorbate
20, polysorbate 40, and polysorbate 80, polyethylene glycol (PEG), polyethylene glycol
200 (PEG 200), polyethylene glycol 300 (PEG 300), polyethylene glycol 400 (PEG 400),
and polyethylene glycol 600 (PEG 600).

3. A formulation according to embodiments 1 and 2, further comprising polar aprotic
solvent.

4. A formulation according to embodiment 3, wherein polar aprotic solvent is selected
from ethyl acetate, dimethyl sulfoxide (DMSO), secondary and tertiary amides, wherein
secondary amides are selected from N-ethylacetamide, N-ethylformamide, and tertiary
amides are selected from dimethylacetamide (DMA), N-methyl-N-vinylacetamide, N,N-
dimethylpropionamide, N,N-diethylacetamide (DEA), N,N-diisopropylformamide and
N,N-dimethyl formamide.

5. A formulation according to any one of the above embodiments, further comprising
source of calcium.

6. A formulation according to embodiment 5, wherein source of calcium is calcium
chloride (CaCl,), Ca-a-D-heptagluconate, calcium lactate or calcium acetate.

7. A formulation according to embodiment 6, wherein the molar ratio of
daptomycin:calcium is from about 1:1 to about 1:5.

8. A formulation according to embodiment 7, wherein the molar ratio of
daptomycin:calcium is about 1:1, about 1:2, about 1:3, about 1:4 or about 1:5.
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9. A formulation according to any of the above embodiments, further comprising
water.

10. A formulation according to embodiment 9, wherein water is present in amount of
about 15% (w/V) or less, such as 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1% and 0,5% w/V .

11. A formulation according to any of the above embodiments, wherein the
concentration of daptomycin is from about 10 mg/mL to about 120 mg/mL, such as
concentration of about 10 mg/mL, about 15 mg/mL, about 20 mg/mL, about 25 mg/mL,
about 30 mg/mL, about 35 mg/mL, about 40 mg/mL, about 50 mg/mL, about 60 mg/mL,
about 70 mg/mL, about 80 mg/mL, about 90 mg/mL, about 100 mg/mL, about 110
mg/mL and about 120 mg/mL.

12. A formulation according to any of the above embodiments, wherein the
concentration of one polar protic solvent or mixture of two or more polar protic solvents
is from about 30% to about 80% (V/V).

13. A formulation according to any of the above embodiments, wherein the
concentration of one polar aprotic or mixture of two or more polar protic solvents is less
than 60% (V/V).

14, A formulation according to any of the above embodiments, wherein the
concentration of one polar aprotic or mixture of two or more polar protic solvents is from
about 5% to about 50%.

15. A formulation according to any of the above embodiments, further comprising
one or more pharmaceutically acceptable excipients.

16. A formulation according to embodiment 9, wherein pharmaceutically acceptable
excipient is a solubilizer selected from polyoxyl castor oil (Kolliphor® EL), polyoxyl 15
hydroxystearate (Kolliphor® HS 15) and soybean oil.

17. A process for preparing pharmaceutical composition of daptomycin comprising
providing a solution of daptomycin according to any of the above embodiments.

18. Pharmaceutical composition of daptomycin according to any of embodiments 1-
16 for use in the treatment of infections caused by Gram-positive pathogens.
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Examples

Unless otherwise indicated, all experimental data and procedures described herein are
obtained or performed at room temperature and atmospheric pressure.

In the Examples and tables presented below, the following abbreviations were used:

Anhydro dap - anhydrodaptomycin impurity

Beta - beta (B-aspartyl) isomer impurity
Ca2+ - source of calcium

DAP - daptomycin

DEA - N,N-diethylacetamide

DMA - dimethylacetamide

DMSO - dimethyl sulfoxide

NA - not available

<RL - less than reporting limit of 0,05%

Example 1a. Daptomycin stability studies when formulated in a concentration of 50
mg/mL in solution mixture of polar aprotic solvent dimethylacetamide and polar protic
solvents selected from ethanol, PEG 400, PEG 300, and mixtures thereof

Daptomycin (1.354 g, given the assay on anhydrous basis of daptomycin of 95.3% and
water content of 3.1%) was weighed, protected from light, into a glass beaker of 50 mL.
A required amount of a polar aprotic solvent DMA was added (to make a 30% final
solution) and the contents were then stirred protected from atmosphere and light using
a magnetic stirrer. From the polar protic solvents, either ethanol, PEG300 or PEG400
were added to the mixture (to make a 60% final solution) while stirring protected from
atmosphere and light. Finally, water was added (8%) to ensure dissolving of daptomycin
while stirring (typically about 5 minutes) protected from atmosphere and light. The
solution was then transferred to a volumetric flask and ethanol absolute was added to
make up to volume of 25 mL. The solution was mixed to ensure homogeneity, filtered
through a 0.2 um filter, aliquoted (briefly overlaid with nitrogen to ensure an inert
atmosphere) and put on stability at 2-8°C for 7 days, protected from light.
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Table 1a — Impurity profiles of liquid compositions according to Example 1a at storage
condition temperature of 2-8°C

Composition Lactone
: Water Time point Anhydra Beta hydrolysis | . Tot?l. Appearance
24 Molar ratio N N DAP impurities
Ca DAP : Ca?* 1 2 3 product
(w/V)
Clear yellow solution
absolute START 0,66 0,05 0,11 3,5 free of visible
NONE / DMA 30% / 8% ethanol ad 25 particles
vV mL Clear yellow solution
7 days 1,5 0,05 0,12 4,6 free of visible
particles
START 0,62 0,05 0,10 a5 |Clearyellow solution
DMA 30% PEG300 60% absolute free of particles
NONE / V) ) 8% ethanol ad 25 Clear yellow solution
mL 7 days 1,1 0,05 0,13 4,2 free of visible
particles
Clear yellow solution
absolute START 0,65 0,06 0,12 3,6 free of visible
DMA 30% PEG400 60% particles
NONE / v/v) vNV) 8% ethanr:ILad % Clear yellow solution
7 days 1,1 0,06 0,11 4,0 free of visible
particles

Results of the stability studies performed for daptomycin compositions according to
Example la provide evidence for daptomycin stability after 7 days in view of less than
2% of anhydrodaptomycin formation, no increase of beta (B-aspartyl) isomer impurity
detected (less than 1%), as well as no significant increase (less than 1%) in lactone
hydrolysis product impurity detected. Maximum total impurities are below 10%.
Accordingly, compositions of Example 1a are stable at storage temperatures of 2-8°C.

Example 1b. Daptomycin stability studies when formulated in a concentration of 50
mg/mL in solution mixture of polar aprotic solvent dimethylacetamide and polar protic
solvents selected from ethanol, PEG 400, PEG 300, and mixtures thereof with the
presence of calcium chloride

Calcium chloride hexahydrate (5,477g) was dissolved in 25 mL of water to provide a 1
M aqueous solution of calcium chloride. Daptomycin (1.354g, given the assay on
anhydrous basis of daptomycin of 95.3% and water content of 3.1%) was weighed,
protected from light, into a glass beaker of 50 mL. A required amount of a polar aprotic
solvent DMA was added (30%), where applicable, followed by the required amount of
polar protic solvents ethanol, PEG300 or PEG400 (60%), depending on the formulation,
while stirring protected from atmosphere and light using a magnetic stirrer. Finally, a
water solution of calcium chloride was added to provide 1:1 molar ratio of Ca?* to
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daptomycin (772 L) and water to make up to 8% of total aqueous phase. The mixture
was stirred to ensure dissolving of daptomycin (typically about 5 minutes), protected
from atmosphere and light. The solution was then transferred to a volumetric flask and
ethanol absolute was added to make up to volume of 25 mL. The solution was mixed to
ensure homogeneity, filtered through a 0.2 um filter, aliquoted (briefly overlaid with
nitrogen to ensure an inert atmosphere) and put on stability at 2-8°C for 7 days; 2 and/or
3 and/or 6 weeks; 1 and/or 2 months, protected from light and/or at 25°C for 7 days; 2
and/or 3 weeks and/or 1 month.

Table 1b — Impurity profiles of liquid compositions according to Example 1b at storage
condition temperature of 2-8°C

Composition
? Time point Anhydro Beta hL:‘::Ineis Total
Molar ratio Water content P DAP yorolys impurities

DAP : Ca?* Solvent 1 wiv) Solvent 2 product

Appearance
cal+

Clear yellow solution free of

START 0,54 <RL 0,09 33 L .
visible particles
7 days 0,58 <RL 0,00 34 Clear ye.ll.ow solut.wn free of
visible particles
absolute Clear yellow solution free of
CaCla 1:1 / 8% ethanolad 25 | 3 weeks 0,66 <RL 0,11 38 M L. )
mL visible particles
6weeks | 091 0,06 0,11 438 Clear yellow solution free of
visible particles
2 months 11 0,05 0,12 5.2 Clear yellow solution free of

visible particles
START NA NA NA NA NA
Clear yellow solution free of

7 days 063 0,05 01 36 visible particles
absolute Clear yellow solution free of
CaCl, 11 Dh(/l\;A /3;)% 8% ethanol ad 25 14 days 067 0,05 o011 36 visible particles
mL i
1 month 076 <AL 0,11 37 Clear ye.ll_ow solutilon free of
visible particles
2 months 11 0,05 0,13 43 Clear yellow solution free of

visible particles

Results of the stability studies performed for daptomycin compositions according to
Example 1b provide evidence for daptomycin stability after 2 months in view of less than
2% of anhydrodaptomycin formation, no increase of beta (B-aspartyl) isomer impurity
detected (less than 1%), as well as no significant increase (less than 1%) in lactone

hydrolysis product impurity detected. Maximum total impurities are below 10%.

Accordingly, compositions of Example 1b are stable at storage temperatures of 2-8°C.
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Table 1b - continued
Composition
Lactone
Mol i Water T::;::t Anl;\x:ro Beta hydrolysis imT:tria:ies Appearance
ca* olarra zI? Solvent 1 Solvent 2 content Solvent 3 P product P
DAP: Ca
(w/v)
Clear yellow solution free of
PEG400 60% absolute START 0,56 <RL 0,09 33 visible particles
cact: L1 / (V/V) 8% ethanol ad Clear yellow solution free of
25mL | 1month | 073 <RL 0,12 37 yel i
visible particles
START NA NA NA NA NA
7 days 06 0,05 01 35 Clearyelll.ow soluthlon free of
visible particles
oma 30% | PEGa00 s0% absolute 14 days 059 0,05 011 35 Clear yellow solution free of
CaCl, 11 V) ) 8% ethanol ad ! ! ! ’ visible particles
25mL 1
1 month 06 <AL 011 34 Clearye.ll.ow solut.lon free of
visible particles
2months | 0,81 0,05 0,12 37 Clearyellow solution free of
visible particles
START 0,54 0,06 0,11 34 Clearye.ll.ow solut.lon free of
visible particles
7 days 06 0,05 0,1 34 Clearye.ll.ow solut.lon free of
bsolut visible particles
absolute )
cacl 11 DMA 30% | PEG300 60% 8% ethanolad | 14days | 0,63 0,05 01 35 Clear yellow solution free of
(v/v) (v/v) 25 mL visible particles
1month | o068 <RL 011 35 Clearyellow solution free of
visible particles
2months | 0,92 0,05 0,13 3,9 Clear yellow solution free of
visible particles

Results of the stability studies performed for daptomycin compositions according to
Example 1b, shown in Table 1b-continued, provide further evidence for daptomycin
stability after 2 months in view of less than 1% anhydrodaptomycin formation, no
increase of beta (B-aspartyl) isomer (less than 1%) detected, as well as no significant
detected increase in lactone hydrolysis product impurity. Maximum total impurities are
below 5%.

Accordingly, compositions of Example 1b are stable at storage temperatures of 2-8°C.
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Table 1c¢ — Impurity profiles of liquid compositions according to Example 1b at storage
condition temperature of 25°C/60%RH

Composition
Time Anhyd Lactone Total
Y -
2« | Molar ratio . Water . point DAP Beta hydrolysi impurities Appearance
Ca DAP : Ca?* 1 2 3 s product
i (w/v)
START 0,54 <RL 0,09 33 Clear ye‘II.ow soluthlon free of
visible particles
absolute Clear yellow solution free of
CaClz 11 / / 8% ethanclad | 7 DAYS 1,1 0,06 0,11 4,7 y. " N
25 mL visible particles
3w 22 0,09 0,15 77 Clear ye.ll.ow solut.lon free of
visible particles
START 0,56 <RL 0,09 33 Clearyelll.ow soluthlon free of
visible particles
PEGA400 60% absolute Clear yellow solution free of
CaClz 11 / 8% ethanclad | 7 DAYS 1,2 0,06 0,13 4,7 y. N N
(v/v) 25 mL visible particles
™ 28 <RL 0,17 7.8 Clearyelll.ow soluthlon free of
visible particles
START | 0,65 <AL 0,11 35 Clear yellow solution free of
bsolut visible particles
absolute :
cacl, 11 DMA30% |PEGA0060% | g0 ethanolad | 7DAYs | 098 0,05 012 41 Clearyellow solution free of
vV vv) 25 mL visible particles
14 DAYS 14 0,07 0,14 47 Clear ye.ll.ow solut.lon free of
visible particles
absolute START NA NA NA NA NA
CaClz 11 DI\(II\;\ /3;] % PEG&O;\)I;; 0% 8% ethanol ad
25mL 1M 23 0,08 017 68 Clearye.ll.ow solut.lon free of
visible particles
START 0,54 0,06 0,11 34 Clearye.ll.ow solut.lon free of
visible particles
bsol 7 DAYS 12 006 012 a4 Clear yellow solution free of
DMA30% |PEG300 60% absolute ’ / g g visible particles
CaCl, 11 ) V) 8% ethanol ad a I ution f £
25mL | 1apavs | 17 0,06 0,13 49 earyeTow solutlon free o
visible particles
M 29 0,10 0,18 66 Clearye.ll.ow solut.lon free of
visible particles

Results of the stability studies performed for daptomycin compositions according to
Example 1c provide evidence for daptomycin stability after 3 weeks.

Accordingly, compositions of Example 1c are stable at storage temperatures of
25°C/60%RH.

Example 2. Daptomycin stability studies when formulated in a concentration of 50
mg/mL in solution mixture of Kolliphor EL and polar protic solvents selected from ethanol,
benzyl alcohol, and mixtures thereof with the presence of calcium chloride

Calcium chloride hexahydrate (169mg) was dissolved in a required mass of absolute
ethanol (5.925 g or 3.358 g, respectively) in a glass beaker by stirring using a magnetic
stirrer protected from atmosphere until the dissolution of calcium chloride hexahydrate.
The required amount of daptomycin was weighed protected from light and added (1.354
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g, given the assay on anhydrous basis of daptomycin of 95.3% and water content of
3.1%) to the calcium chloride hexahydrate solution in ethanol and the contents of the
beaker was stirred protected from light and atmosphere. Water was added to the mixture
to ensure dissolving of daptomycin (1 g) and the mixture was stirred protected from light
and atmosphere. The required amount of either Kolliphor EL (16.25 mL) or Kolliphor EL
(16.25 mL) solution with benzyl alcohol (4.5 mL) was then added to the daptomycin
solution. The solution was stirred, protected from the environment (light and
atmosphere), and then transferred to a volumetric flask and water was added to make
up to volume of 25mL. The solution was mixed to ensure homogeneity, filtered through
a 0.2 um filter, aliquoted (briefly overlaid with nitrogen to ensure an inert atmosphere)
and put at 2-8°C for 7 days and 5 months and at 25°C for 7 days, protected from light.

As visible from results of the stability studies performed for daptomycin compositions
according to Example 2 presented below, compositions of Example 2 are stable at
storage temperatures of 2-8°C and of 25°C/60%RH.

Table 2a — Impurity profiles of liquid compositions according to Example 2 at storage
condition temperature of 2-8°C

Composition Lactone
Anhydro Total
2 | Molar ratio - . Water Time point DAP Beta | hydrolysis Impurities Appearance
Ca 2+ | Solubilizer 1 2 product
DAP: Ca
w/v)
START 0,59 <RL 01 34 Clear ye.ll.ow solut.lon free of
ultrapure visible particles
Kolliphor EL absolute water ad Clear yellow solution free of
cacl, 1:1 65% (V/V) ethanol 30% / 25mL 14 days 0,75 <RL 0,11 37 visible particles
(w/v) (ca. 5% w/V) Clear yellow solution free of
5 months 24 0,05 0,18 6,0 L :
visible particles
START 0,59 <RL 011 35 Clear yellow solution free of
ultrapure visible particles
Kolliphor EL absolute benzyl water ad Clear yellow solution free of
CaCl 11 P ethanol 17% | alcohol 18% 14 days 0,64 0,05 0,09 35 ve !
65% (V/V) 25mL visible particles
(w/) v (ca. 5% w/V) Clear yellow solution free of
' Smonths | 1,2 <AL 0,13 46 ve !
visible particles
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Table 2b — Impurity profiles of liquid compositions according to Example 2 at storage
condition temperature of 25°C/60%RH

Composition Lactone
. Water T"E'e Anhydro Beta | hydrolysis | . Tm?'. Appearance
5. | Molar ratio N N point DAP impurities
ca 2+ | Solubilizer 1 2 product
DAP: Ca
(w/V)
ultrapure | sTART 0,59 <RL 0,10 34 Clear yellow solution free of
. absolute visible particles
Kolliphor EL water ad
CaCly L1 65% (V/V) ethanol 30% / 25mL
(w/V) Clear yellow solution free of
{ca. 5% w/V) | 7 DAYS 18 0,07 0,16 53 visible particles
ultrapure |  START 0,59 <AL 011 35 Clear yellow solution free of
- absolute benzyl visible particles
Kolliphor EL water ad
CaCl; 1:1 65% (V/V) ethanol 17% alcohol 18% 25mL
(w/V) (v/v) Clear yellow solution free of
{ca. 5% w/V) | 7 DAYS 12 0,06 013 45 visible particles

Example 3. Daptomycin stability studies when formulated in a concentration of 50
mg/mL in solution mixture of polar, aprotic solvents selected from N, N-diethylacetamide
(DEA), N-ethylacetamide and N,N-dimethylpropionamide and polar protic solvent ethanol

with the presence of calcium chloride

Daptomycin (1.354g, given the assay on anhydrous basis of daptomycin of 95.3% and
water content of 3.1%) was weighed, protected from light, into a glass beaker of 50 mL.
A required amount of a polar aprotic solvent DEA, N-ethylacetamide or N,N-
dimethylpropionamide was added (30%) to the beaker, followed by absolute ethanol,
1M aqueous solution of calcium chloride (772 L) and water (228 pL) and the contents
were then stirred protected from atmosphere and light using a magnetic stirrer until
daptomycin was dissolved (typically around 5 minutes). The solution was then
transferred to a volumetric flask and absolute ethanol was added to make up to volume
of 25 mL. The solution was mixed to ensure homogeneity, filtered through a 0.2 ym
filter, aliquoted (briefly overlaid with nitrogen to ensure an inert atmosphere) and put
either at 2-8°C for 7 days, 2, 3, 4 and/or 6 weeks protected from light or at 25°C for 7
days, 3 and/or 6 weeks protected from light.

As visible from results presented below, compositions of Example 3 are stable at storage
condition temperature of 2-8°C, as well as at 25°C/60%RH for more than 7 days.
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Table 3a — Impurity profiles of liquid compositions according to Example 3 at storage
condition temperature of 2-8°C

. Lactone
C it
omposition Time Anhydro hydrolys| Total
n N Beta . . e Appearance
ca? Molar ratio Solvent 1 Water content Solvent 2 point DAP is impurities
DAP : Ca** (w/V) product
START 0,55 <AL 0,10 34 Clear yellow solut.lon free of visible
particles
7 days 0,58 <AL 01 34 Clear yellow solut.mn free of visible
particles
. absolute ethanol Clear yellow solution free of visible
CaClz 11 DEA 30% (V/V) 8% ad 25 mL 3 weeks 0,64 <RL 0,11 3,6 particles
6 weeks 0,78 <AL 0,11 44 Clear yellow solut.lon free of visible
particles
2 months 11 <AL 0,11 46 Clear yellow solut.lon free of visible
particles
N- START 0,57 <AL 0,11 33 Clear yellow solut.lon free of visible
. absolute ethanol particles
CaClz 11 ethylacetamide 8% ad 25 mL d " Lution f £ visibl
30% (V/V) 7 days 0,67 <RL 011 35 ear yellow solution free of visible
particles
START 073 <RL 0,09 35 Clear yellow solut.lon free of visible
particles
! N,N- ) 7 days NA NA NA NA Clear yellow solut.lon free of visible
cacl, 1 dimethylpropion 2% absolute ethanol particles
) amide ad 25 mL 14 days NA NA NA NA Clear yellow solution free of visible
30% (V/V) ¥: particles
1 month 071 <RL 011 38 Clear yellow solut.lon free of visible
particles

Table 3b — Impurity profiles of liquid compositions according to Example 3 at storage
condition temperature of 25°C/60%RH

Lactone
Composition
P Time Anhydro hydrolys| Total
Beta Appearance
ca* Molar ratio Solvent 1 Water content Solvent 2 point DAP is impurities
DAP : Ca** (w/V) product
START 0,55 <RL 01 34 Clear yellow solut.lon free of visible
particles
bsolute thanol 7 DAYS 0,89 <AL 0,12 43 Clear yellow saah::il:::ln:sfree of visible
cacl 11 DEA 30% (V/V) 8% a 5‘;: zesemLa ° Clear vel P e of visib
aw 15 <RL 013 6 ear yellow solution free of visible
particles
6W 24 01 0,14 85 Clear yellow solut.lon free of visible
particles
N- START 0,57 <RL 0,11 33 Clear yellow solut.lon free of visible
. absolute ethanol particles
Cacle L1 ethylacetamide 8% ad 25 mL Clear yellow solution free of visible
30% (V/V) 7 DAYS 15 006 | 012 51 yellow solut b
particles
START 0,73 <RL 0,09 35 Clear yellow solut.lon free of visible
N,N-dimethyl- particles
cacl, 1 propionamide 8% absolute ethanol 7 DAYS 13 0,07 013 48 Clear yellow solut.lon free of visible
30% (V/V) ad 25 mL particles
M 28 0,09 0,17 76 Clear yellow solut.lon free of visible
particles
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Example 4. Daptomycin stability studies when formulated in a concentration of 50
mg/mL in various solution mixtures of polar aprotic solvents and/or polar protic solvents
with the presence of calcium chloride in different molar ratios to daptomycin and

additionally when solubilizer is present

Calcium chloride hexahydrate (5,477 g) was dissolved in 25 mL of water to provide a 1
M aqueous solution of calcium chloride. Daptomycin (1.354 g, given the assay on
anhydrous basis of daptomycin of 95.3% and water content of 3.1%) was weighed,
protected from light, into a glass beaker of 50 mL. A required amount of a polar aprotic
solvent DMA was added (7.5 mL or 1.5 mL) to the beaker, where required, and the
contents of the beaker were stirred using a magnetic stirrer protected from light and
atmosphere. Where required, PEG400 (20.0 mL) was added to the solution, followed by
the addition of 1M calcium chloride aqueous solution (772 or 1544 L) and water (1228
or 456 L) and the contents were stirred protected from atmosphere and light using a
magnetic stirrer until daptomycin was dissolved (typically around 5 minutes). The
solution was then transferred to a volumetric flask and absolute ethanol was added to
make up to volume of 25 mL. The solution was mixed to ensure homogeneity, filtered
through a 0.2 um filter, aliquoted (briefly overlaid with nitrogen to ensure an inert
atmosphere) and put either at 25°C for 7 days and 14 days, where applicable, protected
from light.

Alternatively, the solutions with Kolliphor HS 15 were prepared in the following way: A
required mass of Kolliphor HS 15 (12.5 g) was weighed into a 50 mL glass beaker and
dissolved in absolute ethanol (11.628 g) by stirring protected from atmosphere and light
using a magnetic stirrer. Following, the solution of Kolliphor HS 15 in ethanol was added
to the weighed amount of daptomycin (1.354 g, given the assay on anhydrous basis of
daptomycin of 95.3% and water content of 3.1%). Following, calcium chloride
hexahydrate was added (169 mg) and water (1 mL) and contents were stirred protected
from atmosphere and light, using a magnetic stirrer, until the dissolution of all solid
substances. The solution was then transferred to a volumetric flask and, where
applicable, soybean oil was added (0.1 mL) and the volume was made up to 25 mL using
either water or absolute ethanol. The solution was mixed to ensure homogeneity, filtered
through a 0.2 um filter, aliquoted (briefly overlaid with nitrogen to ensure an inert



10

WO 2018/073269 PCT/EP2017/076519

-24-

atmosphere) and put either at 25°C for 7 days and 14 days, where applicable, protected
from light.

Finally, solutions of daptomycin in ethanol were prepared in the following way: Absolute
ethanol was weighed in a glass beaker of 50 mL (around 10 g) and calcium chloride
hexahydrate (169 mg) was added to it and dissolved by stirring, using a magnetic stirrer,
protected from atmosphere (typically around 5 minutes). Daptomycin (1.354 g) was
added, followed by addition of water (1 or 2 mL), while stirring protected from light and
atmosphere. The solution was then transferred to a volumetric flask and the volume was
made up to 25 mL using absolute ethanol. The solution was mixed to ensure
homogeneity, filtered through a 0.2 pm filter, aliquoted (briefly overlaid with nitrogen to
ensure an inert atmosphere) and put either at 25°C for 7 days, protected from light.

Table 4 — Impurity profiles of liquid compositions according to Example 4 at storage
condition temperature of 25°C/60%RH

Composition
Lactone
Solvent 2 Anhydro Total
ca* Molar ratio | Solvent 1or or c‘:,:t:e;t Solvent 3 Time point DAP Beta h:::::lv::s Impurities Appearance
DAP:Ca* | Solubilizer1 | Solubilizer
) (w/v)
absolute START 0,98 0,05 0,10 39 CIeaz;fneilsli‘l)-z‘l';s‘::tti:’I:sfme
/ / / / 10,8%  |ethanolad 25 Cemoeh P o
mL 7pays | 107 0,28 024 171 ear yelow solution free
of visible particles
avsoire | sTaRT | 058 | AL | oos | 33 [CeryelRsIe e
cacl, 11 / / 2%  |ethanolad 25 Clemron P o s
mi 7pAYs | 073 0,05 0,10 44 ar yeTow solution free
of visible particles
absolute | START | 055 <RL 0,09 33 | Clear vellow solution free
of visible particles
CaClz 1:1 / / 8% ethanol ad 25 a I lution f
mL 7 DAYS 12 0,08 0,12 51 ear yelow solution free
of visible particles
START 0,67 0,05 01 35 | Clear vellow solution free
of visible particles
absolute Clear yellow solution free
CaCl2 1:1 DMA 30% (V/V) / 8% ethanol ad 25| 7 DAYS 1,1 0,06 0,12 4,5 v L :
mL of visible particles
14 DAYS 17 0,08 0,14 55 Clear yellow solution free
of visible particles
Clear yellow solution free
ethyl acetate absolute START 059 005 0,10 38 of visible particles
CaClz 1:2 15% (V/V) / 8% ethanol ad 25 al f lution f
mL 7 DAYS 0,64 0,06 0,09 48 ar yeflow solutlon Tree
of visible particles
absolute | START 0,61 0,05 0,09 3g | Clear vellow solution free
DMSO 30% of visible particles
Cac 12 (v/V) / 8% ethanol ad 25 Clear yellow solution free
mL 7DAYs | 085 0,07 0,10 44 yerow sout
of visible particles
START 0,61 0,06 011 37 | Cleer yellow solution free
bolut of visible particles
absolute
. PEG400 Clear yellow solution free
CaCl> 1:2 DMA 6% (V/V) 80% (V/V) 8% ethan;ILad 25| 7DAYS 0,79 0,08 0,13 46 of visible particles
1M 12 0,06 025 96 Clear yelll'ow solut'lon free
of visible particles
START 0,65 0,07 012 38 Clear ye_ll_ow solut_lon free
absolute of visible particles
u
. PEG400 Clear yellow solution free
cacl, 1:1 DMA 6% (V/V) | oo e 8% ethan:'ILad 25| 7DaAvs 1,1 0,08 0,13 4,5 of vislble particles
1M 27 0,08 0,19 83 Clear ye.ll_ow solut_lon free
of visible particles




WO 2018/073269 PCT/EP2017/076519

Composition
Lactone
Solvent 2 Anhydro Total
ca* Molar ratio | Solvent 1 or or c‘:,:t:e;t Solvent 3 Time point DAP Beta hycri;::lv::s Impurities Appearance
DAP:Ca* | Solubilizer1 | Solubilizer P
2 (w/V)
START 0,64 0,05 011 37 | Clearvellow solution free
of visible particles
PEG400 absolute Clear yellow solution free
CaClz 1:2 / 80% (V/V) 8% ethan:‘ILad 25| 7 DAYS 0,8 0,05 0,14 4,6 of visible particles
Clear yellow solution free
im 11 0,07 020 75 of visible particles
Clear yellow solution free
: ultrapure
Kolliphor ethanol waterZ d25 START 0.56 <RL 0,08 34 of visible particles
CaClz 11 HS 15 46.5% mL /
50% (w/V) w/v) Clear yellow solution free
(ca. 12% w/V) 7DAYS 15 0,07 012 51 of visible particles
Cl Il lution fi
Kolliphor 0.4% absolute | START 0,54 0,05 0,09 34 ea;f‘ﬁsmzz:ﬂ';:s ree
CaClz 11 HS 15 soybean oil 4% ethanol ad 25 a " ution fi
50% (w/V) v/v) mi 7 DAYS 14 0,05 012 51 ar yeTow solution free
of visible particles
absolute | START 06 0,06 0,10 3 | Clear vellow solution free
glycerol 15% of visible particles
CaClz 1:1 v / 8% ethanol ad 25 Clear vellow solution free
mL 7 DAYS 23 0,07 014 64 yerow sout
of visible particles
Clear yellow solution free
START 0,62 0,05 0,11 35 L :
glycerol 15% PEG400 absolute of visible particles
CaCl, 11 vV 60% (V/V) 14% ethanol ad 25 Clear yellow solution free
mL 7 DAYS 27 0,08 017 65 yerow sout
of visible particles
N- absolute | START 0,63 0,05 012 a7 | Clear vellow solution free
. of visible particles
CaClz 1:1 ethylformamide / 8% ethanol ad 25 Clear yellow solution free
30% (V/V) mL 7 DAYS 27 0,08 015 73 of visible particles

Example 5. Daptomycin stability studies when formulated in a concentration of 50
mg/mL in various solution mixtures of polar aprotic solvents and/or polar protic solvents
with the presence of calcium chloride in different molar ratios to daptomycin and
additionally when solubilizer is present at storage condition temperatures of 40°C/75%
RH

In addition, daptomycin stability in liquid compositions according to this invention was
evaluated when exposed to elevated temperatures of 40°C/75% RH, and such
formulations exhibit to be both chemically and physically stabile.
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Table 5 — Impurity profiles of liquid compositions according to Example 5 at storage
condition temperature of 40°C/75% RH

Composition Lactone
Time Anhydro N Total
ca?* Molar ratio | Solvent 1 or N 2 Water N 3 point DAP Beta hy::luy:tls impurities Appearance
DAP: Ca?* | Solubilizer P
(w/v)
Clear yellow solution free of
START 0,56 <RL 0,10 3,4 i N
DMA 6% |PEG400 80% absolute visible particles
CaCl, 1:2 V) ) 8% ethanol ad a I ution f ;
25mL 1DAY 0,67 <RL 012 42 Eary\:sic!):‘ll:s;:’a:tig:s reeo
bsol START 055 <RL 011 14 Clear yellow solution free of
PEGA00 80% absolute " » " visible particles
CaCly 1:2 / V) 8% ethanol ad a I ution f ;
25mL 1 DAY 0,69 <RL 0,12 41 Eary\:sic!):‘ll:s;;:tig:s ree o
Clear yellow solution free of
polysorbate absolute START 056 0,06 01 35 visible particles
CaCl, 1:2 80 / 8% ethanol ad
30% (V/V) 25 mL 1 DAY 0,65 0,07 011 46 Clearye.ll.ow solut.lon free of
visible particles
Clear yellow solution free of
polysorbate absolute START 0,55 0,05 011 35 visible particles
CaCl, 1:2 20 / 8% ethanol ad
Clear yellow solution free of
30% (V/V) 25mlL 1 DAY 0,66 0,05 0,12 48 Vvisible S rticles
Clear yellow solution free of
PEGB00 60% absolute START 0,54 <RL 0,10 33 visible particles
€aclz 12 ! (vV) 8% ethanol ad Clear yellow solution free of
25mL 1pay | o061 0,05 011 42 ya“ow o
visible particles
propylene absolute START 0,58 0,05 0,11 3,4 Clear Y;!;‘;:s;:::ig:sfree of
CaCl; 1:2 / glycol 60% 8% ethanol ad a i ution § ;
vV 25mL 1 DAY 16 0,06 0,11 49 earyefow solutlon free o
visible particles
Clear yellow solution free of
2-methyl-1-
propazol absolute START 0,58 0,06 0,10 34 visible particles
CaCl, 1:2 / {isobutanol) 8% ethanol ad
25 mL Clear yellow solution free of
15% (V/V) 1DAY 0,62 0,06 011 44 visible particles
absolute | START | o064 0,06 0,10 36 Clearyellow solution free of
visible particles
CaCly 1:2 / / 8% ethanol ad a4 f Iution § ¢
2sm. | 1pay | o078 0,07 0,11 47 earye ow solution free o
visible particles
Clear yellow solution free of
PEG200 60% absolute START 0,58 0,05 0,09 38 visible particles
€acla 12 ! (vV) 8% ethanol ad Clear yellow solution free of
25mL 1DAY 14 0,08 011 50 yerow Sout
visible particles
ethylene absolute START 0,65 <RL 0,11 3,6 Clear y;!;‘:fg:;g:sfree of
CaCl; 1:2 / glycol 60% 8% ethanol ad d f ution f "
) 25mL 1 DAY 23 0,06 0,13 6,0 aryefow solutlon free o
visible particles
Clear yellow solution free of
PEG300 60% absolute START 0,64 <RL 0,11 35 visible particles
CaCl2 1:2 / ) 8% ethanol ad a I ution f ;
5m. | 1pay | o082 <RL 0,12 40 earye ‘ow soution free o
visible particles
Clear yellow solution free of
PEGA00 60% absolute START 0,61 <RL 0,11 3,4 visible particles
CaCl, 1:2 / ) 8% ethanol ad a I ution f "
25mL 1pay | o068 <RL 0,10 38 earyeTow solutlon free o
visible particles
Kolliphor absolute START 0,64 <RL 0,10 34 Clearye.ll.ow solut.lon free of
visible particles
CaCl2 1:2 HS15 / 8% ethanol ad a I ution f ;
60% (V/V) 25mL 1 DAY 0,80 0,05 0,11 40 ear yellow solution free o
visible particles
Clear yellow solution free of
. absolute START 0,63 <RL 0,11 3,5 o N
Kolliphor EL visible particles
€aclz 12 60% (V/V) / 8% ethanol ad Clear yellow solution free of
25mL 1pay | 089 0,05 012 41 yarow sl
visible particles
tertbutyl absolute | START | 0,63 0,05 0,12 37 c'eary‘:’i's'i‘;‘;';s:a"r‘t"i'c"lzsf’ee of
CaCly 1.2 / alcohol 15% 8% ethanol ad a i ution f £
) 25mL 1pay | o070 0,07 041 438 earyeow solution free o
visible particles
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Example 6. Daptomycin stability studies when formulated in a concentration of 120
mg/mL in various solution mixtures of polar aprotic solvents and/or polar protic solvents
with the presence of calcium chloride in different molar ratios to daptomycin and
additionally in the presence of solubilizer

Additionally, daptomycin stability in liquid compositions according to this invention was
evaluated at higher concentrations of daptomycin and in view of stability evaluation and
comparison at different storage conditions.

From the below presented results, it is evident that the rate of impurities formation,
when formulations of the present invention are exposed to elevated temperatures of
40°C/75% RH, refrigerated conditions of 2-8°C and room temperature condition of
25°C/60% RH are comparable and such formulations exhibit to be both chemically and

physically stabile.

Table 6 — Impurity profiles of liquid compositions according to Example 6 at different

storage condition temperature

Composition Lact
Time point/ Anhydro . o.ne Total
. Water Beta y Y Appearance
2+ | Molar ratio . . Temperature DAP impurities
ca DAP : Ca®* 1 2 3 product
' (w/v)
START 0,58 0,05 0,09 38 Clear ye.ll.ow solut.lon free of
visible particles
o Clear yellow solution free of
absolute 1DAY/40°C 1,2 0,09 0,11 52 L :
visible particles
Cacl. 11 / / &% ethanol Clear yellow solution free of
ad2smL | 7pavs/2ec | o063 | 005 | o010 38 yeLow SO
visible particles
o Clear yellow solution free of
7 DAYS / 25°C 11 0,06 0,10 51 . N
visible particles
START 0,60 0,06 0,09 38 Clear ye.ll.ow solut.lon free of
visible particles
absolute | 1DAY/40°C 0,70 007 | o009 5,0 Clear V;'s'i‘:r:‘::‘:ig:sfme of
Cact: 12 / / 8% ethanol Clear yello s‘:)I tion free of
ad2smL | 7pavs/28c | o6 | o006 | o009 4,0 yerow Sol
visible particles
o Clear yellow solution free of
7 DAYS / 25°C 0,65 0,06 0,09 53 L :
visible particles
START 062 | 006 | o009 3,8 Clear yellow solution free of
visible particles
o Clear yellow solution free of
absolute 1DAY/ 40°C 13 0,08 0,11 48 L .
DMA 30% visible particles
CaClz 1:1 ) / 8% ethanol d I lution fi ‘
ad2smL | 7pavs/2-ec | oes | 005 | o010 37 earye ow soutn free o
visible particles
7 DAYS / 25°C 13 0,06 011 48 Clear ye_ll_ow solut_lon free of
visible particles
START 061 | o005 | o009 3,8 Clear yellow solution free of
visible particles
absolute 1 DAY/ 40°C 0,83 0,07 011 43 Clear ye'lllow solut'lon free of
DMA 30% visible particles
Caclz 12 (V/V) / 8% ethanol Clear yellow solution free of
ad25mL | 7DAYS/2-8°C 0,63 0,05 0,09 3,7 ver N
visible particles
7oavs/2s°c | o83 | oos | o0 43 |Clearyellow solution free of
visible particles
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Composition Lactone
Time point/ | Anhydro N Total
Water Beta Yy Y Appearance
5+ | Molar ratio . . Temperature DAP impurities
Ca 2+ | Solventl 2 3 product
DAP : Ca
{w/V)
START 0,63 0,06 0,10 3,9 Clear ye.ll.ow solut.lon free of
visible particles
o Clear yellow solution free of
PEG400 60% absolute 1DAY/ 40°C 11 0,07 0,11 4,7 visible particles
CaCl; 11 / ) 8% ethanol a " Lution fi f
ad2smL | 7pavs/2ec | o066 | oo0s | o10 37 earyetiow solution free o
visible particles
7 DAYS / 25°C 11 006 | o011 47 Clear yellow solution free of
visible particles
START o62 | 006 | o009 ag | Clearyellow solution free of
visible particles
o Clear yellow solution free of
PEGA00 60% absolute 1DAY/ 40°C 0,71 0,06 0,10 4,3 visible particles
CaCl; 1:2 / ) 8% ethanol a " Lution f f
ad25mL | 7pavs/28c | o063 | 005 | o10 37 earye ‘ow soltion free o
visible particles
7 DAYS / 25°C 0,69 0,06 011 40 Clear ye.lllow salut.mn free of
visible particles
START 063 | 007 | o010 39 | Clearvellow solution free of
visible particles
PEG400 . Clear yellow solution free of
DMA 30% ad 25 mL L1DAY/40°C 11 0.06 012 44 visible particles
CaClz 11 (V/V) / &% (ca. 56% Clear yellow solution free of
V) 7 DAYS / 2-8°C 0,64 0,05 0,10 3,7 visible particles
7DAYS/25°C | 11 006 | o012 aa | Cleeryellow solution free of
visible particles
START 0,58 0,05 0,09 37 Clear ye.ll.ow solut.lon free of
visible particles
PEG400 o Clear yellow solution free of
DMA 30% ad 25 mL 1DAY/40°C 076 0,06 011 41 visible particles
Caclz 12 v / &% (ca. 56% Clear yellow solution free of
V) 7 DAYS / 2-8°C 0,63 0,05 0,10 3,6 visible particles
7pavs/2sc | 073 | 006 | o011 ag | Clearyellow solution free of
visible particles
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A pharmaceutical formulation comprising daptomycin, one or more polar protic
solvents, and mixtures thereof.

Formulation according to claim 1, wherein one or more polar protic solvents are
selected from ethanol, benzyl alcohol, 2-methyl-1-propanol, tert butyl alcohol,
ethylene glycol, propylene glycol, glycerol, polysorbates, such as polysorbate
20, polysorbate 40, and polysorbate 80, polyethylene glycol (PEG), polyethylene
glycol 200 (PEG 200), polyethylene glycol 300 (PEG 300), polyethylene glycol
400 (PEG 400), and polyethylene glycol 600 (PEG 600).

Formulation according to claims 1 and 2, further comprising polar aprotic
solvent.

Formulation according to claim 3, wherein polar aprotic solvent is selected from
ethyl acetate, dimethyl sulfoxide (DMSQO), secondary and tertiary amides,
wherein secondary amides are selected from N-ethylacetamide, N-
ethylformamide, and tertiary amides are selected from dimethylacetamide
(DMA),  N-methyl-N-vinylacetamide, = N,N-dimethylpropionamide, = N,N-
diethylacetamide (DEA), N,N-diisopropylformamide and N,N-dimethyl
formamide.

Formulation according to any one of the above claims, further comprising source

of calcium.

Formulation according to claim 5, wherein source of calcium is calcium chloride
(CaCly), Ca-a-D-heptagluconate, calcium lactate or calcium acetate.

Formulation according to claim 6, wherein the molar ratio of
daptomycin:calcium is from about 1:1 to about 1:5.

Formulation according to claim 7, wherein the molar ratio of
daptomycin:calcium is about 1:1, about 1:2, about 1:3, about 1:4 or about 1:5.

Formulation according to any of the above claims, further comprising water.
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13.

14.

15.

16.

17.

18.
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Formulation according to claim 9, wherein water is present in amount of about
15% (w/V) or less, such as 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1% and 0,5% w/V .

Formulation according to any of the above claims, wherein the concentration of
daptomycin is from about 10 mg/mL to about 120 mg/mL, such as concentration
of about 10 mg/mL, about 15 mg/mL, about 20 mg/mL, about 25 mg/mL, about
30 mg/mL, about 35 mg/mL, about 40 mg/mL, about 50 mg/mL, about 60
mg/mL, about 70 mg/mL, about 80 mg/mL, about 90 mg/mL, about 100
mg/mL, about 110 mg/mL and about 120 mg/mL.

Formulation according to any of the above claims, wherein the concentration of
one polar protic solvent or mixture of two or more polar protic solvents is from
about 30% to about 80% (V/V).

Formulation according to any of the above claims, wherein the concentration of
one polar aprotic or mixture of two or more polar protic solvents is less than

60% (V/V).

Formulation according to any of the above claims, wherein the concentration of
one polar aprotic or mixture of two or more polar protic solvents is from about
5% to about 50%.

Formulation according to any of the above claims, further comprising one or
more pharmaceutically acceptable excipients.

Formulation according to claim 9, wherein pharmaceutically acceptable
excipient is a solubilizer selected from polyoxyl castor oil (Kolliphor® EL),
polyoxyl 15 hydroxystearate (Kolliphor® HS 15) and soybean oil.

A process for preparing pharmaceutical composition of daptomycin comprising
providing a solution of daptomycin according to any of the above embodiments.

Pharmaceutical composition of daptomycin according to any of claims 1-16 for
use in the treatment of infections caused by Gram-positive pathogens.
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