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Stabilised Carbapenem Compositions
Background to the invention

5 Carbapenems are a class of [(-lactam antibiotics which
includes, for example imipenem, meropenem, ertapenem and
doripenem. The structure of the monosodium salt of
ertapenem, a representative carbapenem, is shown below as
Formula I:

10

OH O

/K CHj;
=Nt
CH C(O)NH O™ Na

/—N / > NH,"
O

The compound of formula 1 is relatively unstable at ambient
15 conditions and remains unstable above approximately -20°C.
In addition, during production, carbapenems in bulk solution
are unstable at room temperature, degrading into a number of
open-ring and dimer by-products, complicating manufacture of
the final drug products. The open-ring and dimer degradation
20 products for ertapenem are set out in Sajonz et al. J. Liqg.
Chrom. & Rel. Technol., 24(19), 2999-3015 (2001), which is

incorporated herein by reference.

A current approach to increase the stability of carbapenem

25 compounds, used for example in the production of the
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ertapenem product Invanz™ (Merck), is to form a reversible
carbon dioxide-carbapenem adduct during manufacture. For
example, a carbon dioxide-—-ertapenem adduct can be formed by
use of a carbon dioxide source, such as a carbonate buffer
(e.g. sodium carbonate or sodium bicarbonate) in the course
of manufacture of the drug product. This process is
described in detail in US 09/064426 and US 09/698808
(incorporated herein by reference). The more stable carbon

dioxide—-ertapenem structure is set out as Formula II below:

II

OH
CH,

I C(O)NII CO,H
Y L
© CO,H >_ OH

O

Following bulk production of such more stable carbon
dioxide—-carbapenem adducts, the formulations are lyophilised
for long term storage at room temperature (approximately 20-
25°C) . Nevertheless, when employing the carbon dioxide
adduct technique for stabilisation during manufacture, an
excess of active substance of up to 6% 1is required to
compensate for degradation during manufacture, and a further
excess of up to 4% is required to allow for degradation
during the “in-use” storage period (i.e. following

reconstitution of the lyophilised product).

Moreover, utilization of the carbon dioxide source to

stabilize carbapenems such as ertapenem results in the
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formation of an undesirable oxazinone degradation impurity

in the final drug product.

For these reasons there remains a need for more stable

carbapenem compositions.

Summary of Invention

The present application provides such more stable
compositions and methods of producing them. Carbapenem
compositions according to the present invention allow a
greater holding time of the bulk carbapenem solution (Bulk
solution) prior to lyophilisation, provide a final
lyophilised product with lower levels of degradation
products and provide a greater “in-use” storage period once

reconstituted.

In a first aspect, the invention provides a composition
comprising a carbapenem, a buffer, and a stabiliser, wherein
the stabiliser is a cyclic oligosaccharide or a
polysaccharide. In one embodiment, the buffer comprises a
carbonate source, for example a carbonate and/or a
bicarbonate buffer. In one such embodiment, the buffer is

sodium bicarbonate.

In another embodiment, the buffer does not comprise a
carbonate source. In one such embodiment the buffer is a

citrate buffer, for example sodium citrate.

In one embodiment, the composition further comprises sodium
chloride, preferably in a ratio of between about 90

milligrams to about 180 milligrams of sodium chloride per
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gram of carbapenem, preferably about 180 milligrams of

sodium chloride per gram of carbapenem.

In one embodiment the stabiliser is a cyclic
oligosaccharide, preferably a cyclodextrin, more preferably
sulfobutylether-pB-cyclodextrin (SBECD). In an alternative
embodiment, the stabiliser is a polysaccharide. In one such
embodiment, the polysaccharide is preferably a dextran or,
equally preferably, a hydroxyethyl starch. In one embodiment
the stabiliser is present in a ratio of between about 0.5
grams to about 5 grams of stabiliser per gram of carbapenemn,
preferably between about 1 gram to about 3 grams of

stabiliser per gram of carbapenem.

In one embodiment, the carbapenem is ertapenem.

In one embodiment, the bulk solution composition comprises
less than about 8%, preferably less than about 5% total
degradation products after being stored at 0-2°C for 24

hours.

In one embodiment, the composition is lyophilised. In one
such embodiment, the lyophilised composition comprises less
than about 5% total degradation products, preferably less
than about 4% total degradation products. In a further such
embodiment, the lyophilised composition has an in-use shelf

life of more than 6 hours at 25°C.

In one embodiment the composition is a pharmaceutical

composition.
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In a second aspect, the invention provides a method of
producing a stabilised carbapenem composition, the method
comprising combining in a buffered solution:

(a) a stabiliser, wherein the stabiliser is a cyclic

oligosaccharide or a polysaccharide; and

(b) a carbapenem;
wherein the stabilised carbapenem composition comprises less
than about 8%, optionally less than about 5% total
degradation products after 24 hours at 0-2°C.

In a third aspect, the invention provides a method of
producing a stabilised carbapenem composition, the method
comprising combining in a buffered solution:

(a) a stabiliser, wherein the stabiliser is a cyclic

oligosaccharide or a polysaccharide; and

(b) a carbapenem;
optionally wherein the stabilised carbapenem composition is
lyophilised; wherein, when lyophilised, the stabilised
carbapenem composition comprises less than about 5% total
degradation products, optionally less than about 4% total

degradation products.

In one embodiment of the second and third aspects of the
invention, the buffer comprises a carbonate source, for
example a carbonate and/or a bicarbonate buffer. In one such

embodiment, the buffer is sodium bicarbonate.

In another embodiment of these aspects, the buffer does not
comprise a carbonate source. In one such embodiment the

buffer is a citrate buffer, for example sodium citrate.
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In one embodiment, the composition further comprises sodium
chloride, preferably in a ratio of between about 90
milligrams to about 180 milligrams of sodium chloride per
gram of carbapenem, preferably about 180 milligrams of

sodium chloride per gram of carbapenem.

In one embodiment of these aspects the stabiliser is a
cyclic oligosaccharide, preferably a cyclodextrin, more
preferably sulfobutylether-pB-cyclodextrin (SBECD). In an
alternative embodiment, the stabiliser is a polysaccharide.
In one such embodiment, the polysaccharide is preferably a
dextran or, equally preferably, a hydroxyethyl starch. In
one embodiment the stabiliser is present in a ratio of
between about 0.5 grams to about 5 grams of stabiliser per
gram of carbapenem, preferably between about 1 gram to about

3 grams of stabiliser per gram of carbapenem.

In one embodiment, the carbapenem is ertapenem.

All embodiments relate to each and all of the above aspects
and embodiments, alone or in combination with any one or

more other embodiments, unless otherwise specified.

Definitions

“Stabiliser” as used herein is any substance which, when
included in a composition comprising a carbapenem, the
carbapenem in that composition is more stable than in the

same carbapenem composition without the stabiliser.

The stability of a carbapenem in a carbapenem composition is

determined by the rate at which degradation products or
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impurities are accumulated in the carbapenem composition.
The respective degradation products/impurities for a
particular carbapenem are known to the skilled person. For
example, for ertapenem, the major degradation products are
Dimer I, Dimer II, Dimer III, Dimer-H,0a, Dimer-H,0b, Dimer
V and the open-ring degradation product, as detailed in
Sajonz et al. J. Lig. Chrom. & Rel. Technol., 24(19), 2999-
3015 (2001). These impurities form the majority of the
degradation products for ertapenem, although small amounts

of other impurities can also be formed.

The total amount of degradation products/impurities in a
carbapenem composition can be determined by methods known in
the art, for example reverse-phase high-performance liquid

chromatography (HPLC).

The “in-use” shelf life of a carbapenem composition is the
length of time following reconstitution of a lyophilised
carbapenem composition before total degradation products
exceed acceptable levels, when the reconstituted composition
is stored at approximately 25°C. An example of unacceptable
levels of degradation products is when total degradation

products exceed approximately 8.0% of the active carbapenem.

The “bulk solution” of a carbapenem composition is the final
formulated solution which is to be filled into vials prior

to lyophilisation.

A pharmaceutical composition as used herein includes the
bulk solution prepared during the manufacture of the final

pharmaceutical composition product.
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Detailed description

Carbapenem antibiotics exhibit significant instability,
especially in solution state, degrading into hydrolysed
open-ring structures and forming dimerised impurities. The
present invention relates to carbapenem compositions
comprising a stabiliser, the effect of which is to reduce
the rate at which the carbapenem degrades into such
degradation products. Carbapenems suitable for use in
compositions and methods according to the invention include
imipenem, meropenem, ertapenem and doripenem, preferably

ertapenem.

Compositions according to the invention may have a
concentration of carbapenem of between 5-50% w/v, optionally
15-40% w/v, optionally 20%-30% w/v, optionally about 20%
w/v. If the composition is a bulk solution for manufacture
of a final product, the composition may contain an excess of
carbapenem of up to 6%, 5%, 4%, 3%, 2% or up to 1% w/v

compared to the intended concentration of the final product.

The stabiliser used in compositions according to the
invention is a cyclic oligosaccharide, preferably a
cyclodextrin, for example sulfobutylether-p-cyclodextrin,
hydroxypropyl-pB-cyclodextrin, or gamma cyclodextrin.
Alternatively, the stabiliser is a polysaccharide, for
example a dextran, a hydroxyethyl starch, a dextrin or
maltodextrin. The amount of stabiliser used in the
compositions or methods of the invention may be between
about 0.5g to about 5g of stabiliser per 1g of carbapenem,
preferably between about 1lg to about 3g of stabiliser per 1lg

of carbapenem. For example, the amount of stabiliser may be
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about 0.5g, about 1lg, about 2g, about 3g, about 4g, or about

5g of stabiliser per 1g of carbapenem.

Buffers suitable for use in the compositions and methods of
the invention may be buffers that provide a carbon dioxide
source when in solution. Such buffers may be carbonate

buffers, for example sodium carbonate or sodium bicarbonate.

Alternatively, the buffer or buffers used in the
compositions and methods of the invention may be buffers
that do not provide a carbon dioxide source when in
solution. Such buffers may be citrate buffers, for example
sodium citrate. Other suitable buffers would be familiar to
the person skilled in the art and include phosphate buffers,

or ammonium acetate.

The amount of buffer used in the compositions or methods of

the invention may be in the range of between about 0.1g-0.3g
per gram of carbapenem, for example about 0.1lg, about 0.15g,
about 0.175g, about 0.18g, about 0.2g, about 0.25g, or about
0.3g of buffer per lg of carbapenem.

In one embodiment, compositions according to the invention
or produced by methods according to the invention may
further comprise sodium chloride. In one such embodiment,
compositions according to the invention wherein the buffer
is a carbon dioxide source, for example sodium bicarbonate,

further comprise sodium chloride.

In an alternative such embodiment, compositions according to

the invention wherein the buffer is not a carbon dioxide
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source in solution, for example sodium citrate, may further

comprise sodium chloride.

The amount of sodium chloride used in compositions according
to any of these embodiments may be about 90mg, about 100mg,
about 120mg, about 150mg, about 180mg, or about 200mg of

sodium chloride per 1lg of carbapenemnm.

In a particular embodiment, an ertapenem composition
according to the invention comprising 3g of SBECD per gram
of ertapenem and a carbonate buffer can be manufactured as

follows:

1. Preparation of sodium hydroxide solution: A 2N solution
of sodium hydroxide was prepared by dissolving sodium
hydroxide NF pellets in required amount of Water for
Injection (WFI) (80 g sodium hydroxide in 1000 mL WFI
yields a 2N sodium hydroxide solution). The sodium
hydroxide solution was chilled to a temperature of
about 5°C.

2. In a beaker, WFI gquantity equivalent to 50% of the
batch size is taken. 3g of SBECD per gram of ertapenem
is added into WFI and stirred for about 15 minutes to
obtain a clear solution and then sodium bicarbonate is
added and further mixed for 5 minutes to obtain a clear
solution and then the solution is chilled to about 5°C.

3. The Ertapenem bulk drug was thawed from -20°C for
approximately 30 minutes and then divided into 5 equal
portions. The 5 portions of bulk drug were added to the
above step 2 solution over a period of about 1 hour,
while adding the sodium hydroxide solution to keep the

pH of the bulk drug solution between 7.5 and 7.8.
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4, At the end of the bulk drug addition, the solution was
mixed for an additional 5 minutes and WFI at a
temperature of about 5°C was added to bring the
solution to about 90% of the batch size, and 2N NaOH
titrations were performed to maintain the pH of the
bulk solution at about 7.5. After mixing, WFI at a
temperature of about 5°C was added to bring the
solution to about 100% of the batch size and stirred
for 10 minutes. If necessary, the pH was adjusted to

the target pH of 7.5 by addition of 2N NaOH solution.

In an alternative embodiment, an ertapenem composition
according to the invention comprising 3g of SBECD per gram
of ertapenem and a citrate buffer, optionally also including
180mg of sodium chloride per gram of ertapenem, can be

manufactured as follows:

1. Preparation of sodium hydroxide solution: A 2N solution
of sodium hydroxide was prepared by dissolving sodium
hydroxide NF pellets in required amount of Water for
Injection (WFI) (80 g sodium hydroxide in 1000 mL WFI yields
a 2N sodium hydroxide solution). The sodium hydroxide
solution was chilled to a temperature of about 5°C.

2. In a beaker, WFI quantity equivalent to 50% of the
batch size is taken. 3g of SBECD per gram of ertapenem 1is
added into WFI and stirred for about 15 minutes to obtain a
clear solution and then sodium citrate is added and further
mixed for 5 minutes to obtain a clear solution, optionally
180mg of sodium chloride per gram of ertapenem is added to
the solution and stirred for 5 minutes. Then the solution is

chilled to about 5°C.
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3. The Ertapenem bulk drug is thawed from -20°C for
approximately 30 minutes was then divided into 5 equal
portions. The 5 portions of bulk drug were added into the
above step 2 solutions over a period of about 50 minutes,
while adding the sodium hydroxide solution to keep the pH of
the bulk drug solution at about 7.8.

4, At the end of the bulk drug addition, the solution was
mixed for an additional 5 minutes and WEFI at a temperature
of about 5°C was added to bring the solution to about 90%,
and 2N NaOH titrations were performed to maintain the pH of
the bulk solution at about 7.8. After mixing, WFI at a
temperature of about 5°C was added to bring the solution to

about 100% of the batch size and stirred for 10 minutes.

In one embodiment, compositions according to the invention
are used in therapy. In a further embodiment, compositions
according to the invention are used in the treatment of
bacterial infections. In one embodiment, the compositions
according to the invention are suitable to be administered
parenterally, optionally intramuscularly, optionally

intravenously.

In one embodiment, the invention provides a method of
treating a subject, optionally a mammalian subject, for
example a human, comprising administering to the subject a
therapeutic amount of a composition according to the

invention.

The invention will be further understood by reference to the

following non-limiting examples.
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Examples

Example 1

The stability of the bulk solution of ertapenem manufactured
according to the techniques known in the art was assessed to
establish a baseline reference.

A Dbulk solution was manufactured as disclosed in US patent
6,548,492, This formulation contains 175 mg of sodium
bicarbonate as the carbonate source for the formation of the
claimed reversible carbon dioxide adduct and sodium
hydroxide solution is used to maintain the pH of the bulk
solution between 7.0 and 8.0 during the bulk solution
compounding process. The detailed manufacturing process is

set out below:

Manufacturing Process:

1. Preparation of sodium hydroxide solution: A 2N solution
of sodium hydroxide was prepared in a 50 Litre
stainless steel vessel by dissolving 2.1 kg of sodium
hydroxide NF pellets in 14 Litres of WFI while mixing
and finally Water for Injection was added to produce
the final solution of 15 litres. The sodium hydroxide
solution was chilled utilizing a Chiller to a
temperature of 5°C.

2. Into a 100 litre, stainless steel, jacketed compounder,
30 Litres of the Water for Injection was charged and
cooled to a temperature about 5°C. Sodium bicarbonate
USP in an amount of 2.10 kg was dissolved in the

compounder while continuously stirring until complete
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dissolution occurred, wherein the pH of the solution

measured 8.5.

. The Ertapenem bulk drug in an amount of 12.72 kg was

thawed from -20°C for approximately 30 minutes was then
divided into 5 equal portions. The 5 portions of bulk
drug were added to the compounder over a period of
about 40 minutes, while adding the sodium hydroxide
solution to keep bulk drug solution in the compounder

close to the a target pH of 7.5.

. At the end of the bulk drug addition, the solution was

mixed for an additional 15 minutes, and 2N NaOH
titrations were preformed to maintain the pH at about
7.5. After mixing for 15 minutes, Water for injection
at a temperature of about 5°C was added to bring the
solution to about 97% of the batch size, based on 100%
batch size. While still mixing the solution, the pH
thereof was adjusted to 7.5 by addition of 2N NaCH
solution, ensuring that the mole ration of NaOH to bulk
drug is about 0.85. The volume of the solution was
adjusted to 100 percent of the final batch volume by
addition of WFI at a temperature about 5°C, and then

mixed for another 10 minutes.

. The compounder was then sealed and pressurized to NMT 2

bar to initiate filtration, and the solution was
filtered through a Durapore 0.22 micron sterilizing
filter into a sterile receiving vessel. The filtered
solution exhibited a density of about 1.12 g/ml at
5°C.The stability of this bulk solution was evaluated
by holding at 0°C and is provided in below Table 2.

The composition of bulk solution formulations made according

to this process is set out in Table 1:
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Table 1. Control formulation composition

Component Quantity per 5.0 mL | Quantity per 60.0 Litre
(in g) (in kg)
Ertapenem sodium equivalent to 1.0 12.72%
Ertapenem acid
Sodium bicarbonate USP* 0.175 2.10
Sodium hydroxide NF** g.stopH7.5 1.20%
Water for Injection USP*** q.st0 5.0 mL q.s t0 60.0 Litre

¥ Includes 6% excess to the theoretical weight to compensate
the degradation during manufacturing

* quantity corresponds to 1 mole equivalent to Ertapenem

** diluted in Water for Injection, USP and used as 2N
solution for pH control

H'quantity for preparation of 15 Litres of 2N sodium
hydroxide solution

*** removed during lyophilization process

The bulk composition of the control formulation was held at
about 0°C and sampled every 6 hours up to 18 hours, with the
levels of impurities in each sample measured by HPLC. The

results are set out in Table 2. (For HPLC conditions please

see Example b)

There was a significant dimerization and hydrolytic
degradation observed during the storage of the control

formulation bulk solution.
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Table 2. Stability of the Bulk Solution of composition
manufactured as per U.S. Patent No. 6,548,492

PCT/US2014/072996

Test Hold time stability of bulk solution at about 0-2°C
Initial 6 hour 12 hour 18 hour
Description Clear, pale Clear, pale Clear, pale Clear, pale
yellow color yellow color yellow color yellow color
solution solution solution solution
pH of solution 7.3 7.3 7.3 7.3
Assay (%) 104.8 102.4 101.8 99.7
Related Substances (By % of Ertapenem)
Oxazinone Impurity 0.2 0.3 0.5 0.7
Hydrolyzed Impurity 1.9 2.2 2.6 2.9
Dimer | &Dimer | 0.7 1.4 2.2 3.0
Dimer llI 0.2 0.2 0.3 0.4
Dimer IV* 0.1 0.1 0.2 0.3
Dimer V <LOQ 0.07 0.1 0.1
Any unspecified Not detected 0.08 0.08 0.08
degradation product
Total degradation 3.5 4.9 6.2 8.0
Products

* Dimer IV is a combination of Dimer-H;Oa and Dimer—-H,Ob as

defined in Sajonz et al. J. Lig. Chrom. & Rel. Technol.,
24(19), 2999-3015 (2001).

Example 2

Stabilised carbapenem compositions according to the
invention wherein the stabiliser is sulfobutylether-p-

cyclodextrin (SBECD) were manufactured as follows:

1. Preparation of sodium hydroxide solution: A 2N solution

of sodium hydroxide was prepared by dissolving sodium

hydroxide NF pellets in required amount of Water for

Injection (WFI) (80 g sodium hydroxide in 1000 mL WFI

yields a 2N sodium hydroxide solution). The sodium
hydroxide solution was chilled to a temperature of
about 5°C.

2. In a beaker, WFI gquantity equivalent to 50% of the

batch size is taken. SBECD is added into WFI and
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stirred for about 15 minutes to obtain a clear solution
and then sodium bicarbonate is added and further mixed
for 5 minutes to obtain a clear solution and then the
solution is chilled to about 5°C.

3. The Ertapenem bulk drug was thawed from -20°C for
approximately 30 minutes and then divided into 5 equal
portions. The 5 portions of bulk drug were added to the
above step 2 solution over a period of about 1 hour,
while adding the sodium hydroxide solution to keep the
pPH of the bulk drug solution between 7.5 and 7.8.

4, At the end of the bulk drug addition, the solution was
mixed for an additional 5 minutes and WFI at a
temperature of about 5°C was added to bring the
solution to about 90%, and 2N NaCOH titrations were
performed to maintain the pH of the bulk solution at
about 7.5. After mixing, WFI at a temperature of about
5°C was added to bring the solution to about 100% of
the batch size and stirred for 10 minutes. If
necessary, the pH was adjusted to the target pH of 7.5
by addition of 2N NaOH solution.

Bulk solutions of stabilised ertapenem compositions each
comprising lg, 2g, or 3g of SBECD per gram of ertapenem were
manufactured according to the above method. The compositions

of these formulations are shown in Table 3.
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Table 3.
Component Formulation 1: Formulation 2: Formulation 3:
Composition with 1 g Composition with2 g | Composition with 3 g
SBECD SBECD SBECD
Quantity Quantity | Quantity Quantity Quantity | Quantity
per 5 mL per 300 per 10.0 per 360 per 10.0 per 600
(in g) mL (ing) | mL(ing) mL (in g) mL (ing) | mL (ing)

Ertapenem sodium 1.0 63.6" 1.0 38.2" 1.0 63.6"

equivalent to Ertapenem

acid

Sodium bicarbonate USP* 0.175 10.5 0.175 6.3 0.175 10.5

Betadex Sulfobutyl Ether 1.0 60.0 2.0 72.0 3.0 180.0 g

Sodium NF (SBECD)

Sodium hydroxide NF** g.stopH7.5 487 g.s topH 2.4° g.s to pH 487

7.5 7.5
Water for Injection USP*** gsto50mL | qsto300 | 9.sto10.0 | 9.sto 360 | q.sto10.0 | g.s to 300
mL mL mL mL mL
Includes 6% excess to the theoretical weight to compensate the
degradation during manufacturing
5 * gquantity corresponds to 1 mole equivalent to Ertapenem

** diluted in Water for Injection,

control

USP and used as

10

15

20

25

** quantity for preparation of 60 mL of 2N sodium hydroxide solution
$ quantity for preparation of 30 mL of 2N sodium hydroxide solution
*** removed during lyophilization process

The stability of these stabilised formulations at 0°C was
measured as for the control formulation of Example 1. The
results are shown in Table 4.
Compared to the control formulation, the stability of
formulations 1-3 containing SBECD was significantly
improved, especially upon increasing the quantity of the

SBECD.

2N solution for pH
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Table 4. Bulk solution stability of the compositions having
varying quantities of SBECD added to the compositions
disclosed as per US patent 6,548,492

Formulation 1: Formulation 2: Formulation 3:
Composition with 1 g Composition with 2 g Composition with 3 g SBECD
SBECD and 175 mg SBECD and 175 mg and 175 mg Sodium
Sodium Bicarbonate per Sodium Bicarbonate Bicarbonate per gram of
gram of Ertapenem per gram of Ertapenem Ertapenem
Bulk Solution Stability at about 0-2°C
Time 0 6" | 12™ | 24" 0 12™ 24" 0 6" 12% 24"
period hr hr hr Hr hr hr Hr hr hr hr Hr
Related Substances (By % of Ertapenem)
Oxazinone 0.09 | 0.32 | 055 | 0.89 | 0.03 | 0.10 015 | 006 |0.13 |0.21 0.30
Hydrolyzed 078 | 1.18 | 1.62 | 239 | 0.61 | 1.15 1.37 | 074 |0.99 |1.29 1.72
Impurity
Dimer-1&1l | o5 | 120 | 108 | 2.85 | 0.47 | 1.11 149 | 047 | 070 |0.91 1.20
Dimer-II 017 | 0.24 | 0.31 | 0.40 | 0.14 | 0.17 016 | 0.15 |0.18 |0.20 0.22
Dimer-IV 011 | 013 | 0.14 | 0.16 | 0.10 | 0.11 0.10 | 0.10 |o0.11 |o0.11 0.11
Dimer-V 0.03 | 0.09 | 0.14 | 020 | ND ND 0.05 |003 |004 |0.05 0.07
Any
L[‘)”Spec'f"?d ND | 006|010 | 014 | ND | 006 | 004 | ND | ND |005 | 0.06
egradation
Product
Total
Degradation 1.9 | 34 | 5.0 7.2 1.5 2.7 3.4 1.6 2.2 2.8 3.7
Products
Assay (%) 103.9(101.9| 984 | 96.9 | 104.5 | 100.7 99.0 [101.2 [105.8 |103.8 | 103.8
pH 76 | 75 | 7.3 7.3 7.5 7.5 7.5 7.6 7.6 7.8 7.6
ND: Not detected

Example 3

Alternate ertapenem compositions using different amounts of

SBECD as a stabiliser,

source to form a carbon dioxide adduct,

but which do not have any carbonate

were also evaluated.

In these formulations sodium citrate was used as the

buffering agent and the pH was adjusted with sodium

hydroxide solution during the compounding process.

The

formulations were manufactured according to the following

process,

with the final compositions as set out in Table 5.
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1. Preparation of sodium hydroxide solution: A 2N solution
of sodium hydroxide was prepared by dissolving sodium
hydroxide NF pellets in required amount of Water for
Injection (WFI) (80 g sodium hydroxide in 1000 mL WFI yields
a 2N sodium hydroxide solution). The sodium hydroxide
solution was chilled to a temperature of about 5°C.

2. In a beaker, WFI quantity equivalent to 50% of the
batch size is taken. SBECD is added into WFI and stirred for
about 5-15 minutes to obtain a clear solution and then
sodium citrate is added and further mixed for 5 minutes to
obtain a clear solution and then the solution is chilled to
about 5°C.

3. The Ertapenem bulk drug was thawed from -20°C for
approximately 30 minutes was then divided into 5 equal
portions. The 5 portions of bulk drug were added into the
above step 2 solutions over a period of about 50 minutes,
while adding the sodium hydroxide solution to keep the pH of
the bulk drug solution at about 7.5.

4, At the end of the bulk drug addition, the solution was
mixed for an additional 5 minutes and WFI at a temperature
of about 5°C was added to bring the solution to about 90%,
and 2N NaOH titrations were performed to maintain the pH of
the bulk solution at about 7.5. After mixing, WEFI at a
temperature of about 5°C was added to bring the solution to
about 100% of the batch size and stirred for 10 minutes. If
necessary, the pH was adjusted to the target pH of 7.5 by

addition of 2N NaOH solution.
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Component Formulation 4: Formulation 5: Formulation 6:
Composition with 1 g Composition with2 g | Composition with 3 g
SBECD and 200 mg SBECD and 200 mg SBECD and 200 mg
sodium citrate per gram sodium citrate per sodium citrate per
of Ertapenem gram of Ertapenem gram of Ertapenem
Quantity Quantity | Quantity Quantity Quantity | Quantity
per 5 mL per 200 per 10.0 per 400 per 10.0 per 400
(in g) mL(ing) | mL{(ing) mL (in g) mL(ing) | mL{(ing)
Ertapenem sodium 1.0 42.4" 1.0 42.4" 1.0 42.4"
equivalent to Ertapenem
acid
Sodium Citrate NF* 0.20 8.0 0.20 8.0 0.20 8.0
Betadex Sulfobutyl Ether 1.0 40.0 2.0 80.0 3.0 120.0
Sodium NF (SBECD)
Sodium hydroxide NF** g.stopH7.5 2.47 g.s topH 3.2° g.s to pH 3.2°
7.5 7.5
Water for Injection USP*** gsto50mL | qsto200 | q.sto10.0 | 9.sto 400 | q.st0o 10.0 | g.s to 400
mL mL mL mL mL
* Includes 6% excess to the theoretical weight to compensate the
5 degradation during manufacturing

** diluted in Water for Injection,

control

USP and used as

** quantity for preparation of 30 mL of 2N sodium hydroxide solution
$ quantity for preparation of 40 mL of 2N sodium hydroxide solution

10

*** removed during lyophilization process

2N solution for pH

The stability of these non-carbonate stabilised formulations

15

Example 1.

The results are shown in Table 6.

at 0°C was measured as for the control formulation of

The stability of these formulations significantly improved

upon increasing the quantity of SBECD.

20

25
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Table 6. Bulk solution stability of the compositions having
varying quantities of SBECD and without any carbonate source

Formulation 4:

Composition with 1 g SBECD
and 200 mg sodium citrate per

gram of Ertapenem

Formulation 5:
Composition with
2 g SBECD and
200 mg sodium

Formulation 6:
Composition with 3 g
SBECD and 200 mg sodium
citrate per gram of

citrate per gram of Ertapenem
Ertapenem
Bulk Solution Stability at about 0-2°C
Time period Ohr | 6"hr 1,?:' 24 | onr f:: 202 f:: 13"hr | 24 hr
Related Substances (By % of Ertapenem)
Oxazinone impurity 0.02 0.02 0.03 | 0.03 | 0.02 | 0.02 0.03 | 0.02| 0.02 0.02 0.03
Hydrolyzed Impurity | 0.63 0.74 0.86 | 0.84 | 0.68 | 0.83 1.08 | 0.76 | 0.85 0.9 1.1
Dimer-| 0.06 0.16 0.23 | 0.41 | 0.06 | 0.15 0.31 | 0.05| 0.09 0.13 0.18
Dimer-I1 1.36 3.72 555 | 933 | 0.95 | 3.04 7.29 |0.81| 1.85 2.68 4.53
Dimer-Ill 0.15 0.17 0.19 | 0.24 | 0.14 | 0.14 0.08 | 0.15| 0.15 0.15 0.19
Dimer-1V 0.12 0.15 0.17 | 0.23 | 0.11 0.13 0.18 | 0.12] 0.12 0.13 0.14
Dimer-V 0.04 0.07 0.08 | 0.13 | 0.03 | 0.04 0.06 | 0.03| 0.04 0.04 0.05
Any Unspecified
Degradation ND 0.05 0.14 | 0.55 0.1 0.08 0.27 | 0.08| 0.07 0.06 0.11
Product
Total degradation |, 4 51 | 73 | 11.8| 21 | 44 | 96 |20 32 | 41 6.4
Products
Assay (%) 103.2 100.0 96.7 | 88.2 | 99.9 | 101.8 | 93.8 (100.8| 97.0 96.9 95.6
pH 7.1 7.3 7.3 6.9 7.1 7.2 7.0 7.2 7.2 7.1 7.1
ND: Not detected
5
Further it was observed that the addition of sodium chloride
to Formulation 6 improved the stability of the formulation,
without any carbonate source. Formulations including sodium
chloride were manufactured according to the following
10 method. Their final composition is shown in Table 7 and the

stability of the bulk solutions with sodium chloride is

shown in Table 8.

15
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1. Preparation of sodium hydroxide solution: A 2N solution
of sodium hydroxide was prepared by dissolving sodium
hydroxide NF pellets in required amount of Water for
Injection (WFI) (80 g sodium hydroxide in 1000 mL WFI yields
a 2N sodium hydroxide solution). The sodium hydroxide
solution was chilled to a temperature of about 5°C.

2. In a beaker, WFI quantity equivalent to 50% of the
batch size is taken. SBECD is added into WFI and stirred for
about 15 minutes to obtain a clear solution and then sodium
citrate is added and further mixed for 5 minutes to obtain a
clear solution and then finally sodium chloride was added to
the solution and stirred for 5 minutes. Then the solution is
chilled to about 5°C.

3. The Ertapenem bulk drug (as anhydrous free acid) was
thawed from -20°C for approximately 30 minutes was then
divided into 5 equal portions. The 5 portions of bulk drug
were added into the above step 2 solutions over a period of
about 50 minutes, while adding the sodium hydroxide solution
to keep the pH of the bulk drug solution at about 7.8.

4, At the end of the bulk drug addition, the solution was
mixed for an additional 5 minutes and WFI at a temperature
of about 5°C was added to bring the solution to about 90%,
and 2N NaOH titrations were performed to maintain the pH of
the bulk solution at about 7.8. After mixing, WFI at a
temperature of about 5°C was added to bring the solution to

about 100% of the batch size and stirred for 10 minutes.
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Table 7. Formulations with SBECD, sodium citrate and sodium
chloride
Component Formulation 7: Formulation 8:
3 g SBE-B-CD, 3 g SBE-B-CD,
200 mg Sodium Citrate and 200 mg Sodium Citrate and
90 mg Sodium chloride per gram 180 mg Sodium chloride per
of Ertapenem gram of Ertapenem
Quantity per Quantity per Quantity per Quantity per
10 mL (in g) 550 mL (in g) 10.0 mL (ing) | 550 mL (in g)
Ertapenem sodium 1.0 58.3" 1.0 58.3"
equivalent to Ertapenem
acid
Sodium Citrate NF* 0.20 11.0 0.20 11.0
Betadex Sulfobutyl Ether 3.0 165.0 3.0 165.0
Sodium NF (SBECD)
Sodium Chloride USP 0.09 4.95 0.18 9.9
Sodium hydroxide NF** q.stopH7.5 4.8 gq.stopH75 5.6°
Water for Injection USP*** q.st010.0 mL g.s to 550 mL q.sto10.0 mL | g.sto550 mL
* Includes 6% excess to the theoretical weight to compensate the

degradation during manufacturing
** diluted in Water for Injection,

control

USP and used as

2N solution for pH

M'quantity for preparation of 60 mL of 2N sodium hydroxide solution
$ quantity for preparation of 70 mL of 2N sodium hydroxide solution
*** removed during lyophilization process

The experimental data shows that the compositions with SBECD

and sodium citrate,

when used along with sodium chloride,

had improved stability compared to the control formulation.




WO 2015/105720 PCT/US2014/072996

— 25 -

Table 8. Bulk solution stability of the compositions
comprising SBECD and varying quantities of sodium chloride

Formulation 7: Formulation 8:
3 g SBE-B-CD, 3 g SBE-B-CD,
200 mg Sodium Citrate and 200 mg Sodium Citrate and
90 mg Sodium chloride per gram 180 mg Sodium chloride per
of Ertapenem gram of Ertapenem
Bulk Solution Stability at 0-2°C
Time period [ ohr | 6"hr | 12"nhr | 24" | Ohr | 6"hr | 127hr | 24"hr
Related Substances (By % of Ertapenem)
Oxazinone 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Hydrolyzed
Impurity 0.81 1.06 1.31 1.86 0.79 1.04 1.28 1.80
Dimer-| 0.03 0.06 0.09 0.13 0.03 | 0.06 | 0.08 0.13
Dimer-I| 0.50 0.93 1.52 2.65 050 | 0.96 | 1.46 2.46
Dimer-IlI 0.18 0.18 0.17 0.16 0.17 0.17 0.186 0.15
Dimer-IV 0.12 0.12 0.12 0.12 0.11 0.11 0.12 0.12
Dimer-V 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.01
Any unspecified
Degradation 0.08 0.05 0.06 0.07 0.07 0.05 0.06 0.07
Product
Total
Degradation 1.8 25 3.3 5.1 1.7 25 3.2 4.9
Products
o,
Assay (%) 102.6 | 101.2 | 1003 | 972 |1046 |1027 [100.1 | 97.2
pH 8.2 8.2 8.3 8.4 8.1 8.3 8.3 8.2
Example 4

The bulk solutions of formulations 1, 3 and 7 were filtered,
filled into wvials and lyophilized. The level of impurities
in the wvarious lyophilized products was tested with the HPLC
method and the comparative data is provided in the Table 9.

The lyophilised commercial product Invanz® was also tested.
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Table 9. Comparative Lyophilized Product Related Substances
Data
RLD Control Formulation | Formulation Formulation
Formulation | Formulation 1 3 7
Invanz® 1 g
Lot #
2079560
Exp Date:
12/2014
Related Substances (By % of Ertapenem)
Oxazinone
Impurity 0.6 0.6 04 0.2 0.02
Hydrolyzed
Impurity 3.3 41 2.5 2.1 1.1
Dimer-l & 11 0.7 1.6 0.9 0.6 0.7
Dimer-IlI 0.1 0.3 0.2 0.2 0.2
Dimer-1V 0.2 0.1 0.2 0.1 0.1
Dimer-V 0.04 0.08 0.06 0.04 ND
Any
unspecified
Degradation 0.1 0.1 0.07 ND 0.1
Product
Total
Degradation 5.2 7.0 4.4 3.2 2.2
Products
Assay (%) 110.9 102.2 111.6 111.2 108.9
pH 7.9 7.7 7.6 7.9 8.3
The data shows that the compositions with SBECD had
significantly lower impurity 1levels than the commercial
product (Invanz®) and the control formulation.
The stability of the 1lyophilized products of Invanz®,

control formulation,

evaluated at accelerated

Formulation 3 and Formulation 7 were

(40°C/75%RH)

condition

stability

and the comparative data is provided in Table 11.
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Table 11. Comparative Accelerated stability (at 40°C/75%RH

condition) of the lyophilized formulations

INVANZ 1 g

Lot #

2079560 Control Formulation Formulation 3 Formulation 7

Exp Date:

12/2014
) . . -, 1 3 " 1 3 - 1 3
Time period |Initial [3 Month | Initial Month | Month Initial MonthMonth Initial Month [Month

Related Substances (%)

Oxazinone 06 | 1.1 0.6 10 | 12 | 02 |03 |04 |002]0.02]0.03
Impurity
Hydrolyzed | 54 | ¢4 4.1 57 | 69 | 21 |38 |46 |11 |19 | 23
Impurity
Dimer-l1 & Il 0.7 0.8 1.6 1.7 1.7 0.6 0.6 0.6 0.7 0.7 0.7
Dimer-1 0.1 0.1 0.3 0.3 0.4 0.2 0.2 0.2 0.2 0.2 0.2
Dimer-1V 0.2 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Dimer-V 0.04 0.04 0.1 0.1 0.1 0.04 0.03 0.03 ND | 0.01 | 0.02
Any
unspecified -1 4| g5 0.1 02 | o2 | ND | ND |008 |01 | 01 | 02
Degradation
Product
Total
Degradation | 5.2 9.0 7.0 9.2 10.9 3.2 5.1 6.0 2.2 3.0 3.7
Products
Assay (%) 110.9 | 107.5 102.2 99.8 98.8 |111.2 (107.1 |106.0 |108.9(102.4|103.6
pH 7.9 7.7 7.8 7.8 7.7 7.9 7.8 7.4 8.3 8.3 8.1

The stability data shows that the compositions with SBECD
had significantly lower impurity levels than the commercial
product (Invanz®) and the control formulation. In addition,
the Formulation 7 that did not contain the sodium
bicarbonate had significantly lower level of oxazinone

impurity.

The “in-use” stability after reconstitution of the
lyophilised product was also tested for Invanz® and
formulations 3 and 7. Stability of the reconstituted wvials

at a ertapenem concentration of 20 mg/mL was tested over a
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period of wup to 24 hours. For the commercial product
Invanz®, storage of the reconstituted solution is

recommended to be no more than 6 hours at controlled room

temperature, as after this point too much degradation has
5 occurred and the level of impurities has increased. The
stability data for the reconstituted formulations are
provided in Table 10.
Table 10. Comparative in-use stability of the reconstituted
10 formulations
INVANZ 1 g Formulation 3 Formulation 7
Lot # 2079560
Exp Date: 12/2014
Initial 6"hr | 12"hr | 24" | Initial | 6"hr | 12"hr | 24" hr | Initial 6" hr
hr
Related Substances (%)
Oxazinone 0.78 0.85 0.95 1.13 0.15 0.21 0.28 0.43 0.03 0.03
Fydro.'yzed 3.97 494 | 607 | 841 | 198 | 308 | 413 | 6.09 0.89 2.33
mpurity
Dimer-I&ll 0.81 1.24 1.70 2.50 0.55 0.87 1.23 1.90 0.60 1.59
Dimer-lll 0.14 0.14 0.15 0.16 0.18 0.18 0.18 0.18 0.18 0.17
Dimer-IV 0.29 0.29 0.30 0.28 0.10 0.11 0.12 0.11 0.12 0.12
Dimer-V 0.06 0.04 0.05 0.04 0.03 0.02 0.03 0.03 0.01 0.01
Any
unspecified 0.12 013 | 013 | 020 | ND 0.08 | 0.10 0.18 0.15 0.13
Degradation
Product
Total
Degradation 6.2 7.8 9.5 12.9 3.0 4.6 6.1 9,0 2.0 4.4
Products
pH 7.7 7.6 7.5 7.7 7.7 7.7 7.6 7.7 8.0 7.9

These data show that the formulations stabilised with SBECD

according to the invention can be stored as “in-use”

reconstituted solutions for longer than the commercial

15 product.

Stability of the reconstituted vials at a ertapenem

concentration of 20 mg/mL was tested over a period of up to

24 hours.
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Example 5

Chromatographic parameters of Related Substances Testing:
(1) Column: Ascentis express C18, 250 x 4.6 mm, 5 um
5 that contains Octa decyl silane chemically bonded to

porous silica particles.

(2) Flow rate: 1.0 mL/min.
(3) Column temperature: Ambient.
(4) Wavelength: 250 nm.
10 (5) Injection volume: 10 uL.
(6) Sample cooler temperature: 10°C.
(7) Run time: About 55 minutes.

Preparation of Mobile Phase A:
15 (1) Weigh accurately and dissolve about 3.8 g Ammonium
acetate in 1000 mL of HPLC grade water, adjust the
PH to 6.5 + 0.05 with 10%v/v Ortho phosphoric acid.
(2) Filter through 0.45 um membrane filter and degas

for about 10 minutes.

20 Preparation of Mobile phase B: Use degassed Acetonitrile.

Gradient programme:

Time (min) % Mobile phase-A | % Mobile phase-B
0 98 2
1 98 2

97 3
5 97 3
12 93 7
25 88 12
30 75 25
35 50 50
37 98
55 98
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RRT's of known impurities with respect to Ertapenem

S.No. Component Name RRT(About)
1 Oxazinone 0.27
2 PRO-MABA 0.41
3 Hydrolyzed product 0.62
4 Dimer-| impurity 1.12
5 Dimer-Il impurity 1.16
6 Dimer-IIl impurity 1.39
7 Dimer-1V impurity 1.66
8 Dimer-V impurity 1.83

10 TYPICAL CHROMATOGRAM OF SPIKED SAMPLE
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Claims:

1. A composition comprising a carbapenem, a buffer, and a
stabiliser, wherein the stabiliser is a cyclic

5 oligosaccharide or a polysaccharide.

2. The composition according to claim 1, wherein the
buffer comprises a carbonate source, preferably a
carbonate buffer and/or a bicarbonate buffer,

preferably sodium bicarbonate.

10 3. The composition according to claim 1, wherein the
buffer does not comprise a carbonate source, preferably
wherein the buffer is a citrate buffer, preferably

sodium citrate.

4, The composition according to any of claims 1-3, wherein
15 the stabiliser is a cyclic polysaccharide, preferably a

cyclodextrin

5. The composition according to claim 4, wherein the

stabiliser is sulfobutylether-f-cyclodextrin.

6. The composition according to any of claims 1-3, wherein
20 the stabiliser is a polysaccharide, preferably a

dextrin, a hydroxyethyl starch or a dextran.

7. The composition according to any of claims 1-6, wherein
the stabiliser is present in a ratio of between about
0.5 grams to about 5 grams of stabiliser per gram of

25 carbapenem, preferably between about 1 gram to about 3

grams of stabiliser per gram of carbapenem.
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10.

11.

12.

13.

14.

15.

. The composition according to any of claims 1-7 further

comprising sodium chloride, preferably in a ratio of
between about 90 milligrams to about 180 milligrams of
sodium chloride per gram of carbapenem, preferably
about 180 milligrams of sodium chloride per gram of

carbapenemn.

. The composition according to any of claims 1-8, wherein

the carbapenem is ertapenem.

The composition according to any of claims 1-9,
wherein the composition comprises less than about 8%,
preferably less than about 5% total degradation
products after 24 hours at 0-2°C.

The composition according to any of c¢laims 1-10,

wherein the composition is lyophilised.

The composition according to claim 11, wherein the
lyophilised composition comprises less than about 5%
total degradation products, preferably less than about

4% total degradation products.

The composition according to claim 10 or 11,
wherein the lyophilised composition has an in-use shelf

life of more than 6 hours at 25°C.

The composition according to any of c¢laims 1-13,
wherein the stabilised carbapenem composition is a

pharmaceutical composition.

A method of producing a stabilised carbapenem
composition, the method comprising combining in a

buffered solution:
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(c) a stabiliser, wherein the stabiliser is a
cyclic oligosaccharide or a polysaccharide;
and

(d) a carbapenem;

wherein the stabilised carbapenem composition

l6.

17.

18.

comprises less than about 8%, preferably less than
about 5% total degradation products after 24 hours at

0-2°C.

A method of producing a stabilised carbapenem
composition, the method comprising combining in a
buffered solution:

(c) a stabiliser, wherein the stabiliser is a
cyclic oligosaccharide or a polysaccharide;
and

(d) a carbapenem;

optionally wherein the stabilised carbapenem
composition is lyophilised,

wherein, when lyophilised, the stabilised
carbapenem composition comprises less than about 5%
total degradation products, preferably less than about

4% total degradation products.

A method according to c¢laim 15 or claim 16,
wherein the buffer comprises a carbonate buffer and/or

a bicarbonate buffer, preferably sodium bicarbonate.

A method according to c¢laim 15 or claim 16,
wherein the buffer is not a carbonate source,

preferably a citrate buffer, preferably sodium citrate.
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19.

20.

21.

22.

23.

24.

25.

26.

— 34 -

A method according to any one of claims 15-18,
wherein the stabiliser is a cyclic oligosaccharide,

preferably a cyclodextrin.

A method according to claim 19 wherein the

stabiliser is sulfobutylether-f-cyclodextrin.

A method according to any one of claims 15-18,
wherein the stabiliser is a polysaccharide, preferably

a dextrin, a hydroxyethyl starch or a dextran

A method according to any one of claims 15-21,
wherein the stabiliser and carbapenem are combined in a
ratio of between about 0.5 grams to about 5 grams of
stabiliser per gram of carbapenem, preferably between
about 1 gram to about 3 grams of stabiliser per gram of

carbapenemnm.

A method according to any of claims 15-22, wherein

the carbapenem is ertapenem.

A method according to any one of claims 15-23,
wherein the buffered solution further comprises sodium
chloride, preferably in a ratio of between about 90
milligrams to about 180 milligrams of sodium chloride
per gram of carbapenem, preferably about 180 milligrams

of sodium chloride per gram of carbapenem.

A composition according to any of c¢laims 10-14, or
a method according to any of claims 15-24, wherein the
total degradation products are measured by reverse-

phase high performance liquid chromatography (HPLC).

A composition according to any one of claims 1-14

for use in therapy.
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27. A composition according to any one of claims 1-14

for use in treating bacterial infection.

28. A method of treating bacterial infection in a
subject comprising administering to the subject a
therapeutic amount of a composition according to any

one of claims 1-14.
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