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AFABICIN FORMULATION, METHOD FOR MAKING THE SAME

Technical field

The present invention relates to pharmaceutical compositions containing Afabicin and
especially to histidine compound containing Afabicin formulations. The present invention
also relates to methods for manufacturing such formulations as well as uses thereof, in

particular for treating bacterial infections.

Background of the invention

Afabicin is described, as its free acid form or under various salt forms, in WO
2013/190384 A as a prodrug of the active agent known from example 99 of WO
03/088897 A. Afabicin has the following structure (depicted as the free acid form):

In order to be suitable for oral administration, Afabicin must be provided in a formulation
that is able to disintegrate at pH of gastric fluid and that is capable of releasing the drug.

WO 2013/190384 A describes methods for manufacturing Afabicin as well as formulations
containing the same. This document describes various materials as excipients suitable for

formulating Afabicin.

However, when trying to develop an Afabicin formulation based on commonly employed
excipient materials, incomplete disintegration of the pharmaceutical form and poor

dissolution of Afabicin were observed.

Object of the invention

It is an object of the present invention to provide pharmaceutical compositions
comprising Afabicin, preferably Afabicin Olamine (i.e. the bis-2-ethanolammonium salt of
Afabicin, which is sometimes also referred to as the bis-ethanolamine salt of Afabicin),
allowing disintegration which exhibit superior dissolution characteristics. It is a further

object of the present invention to provide such compositions, which additionally exhibit
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satisfactory dissolution stability. It is also a further object of the present invention to
provide such compositions, which additionally exhibit satisfactory chemical stability. Yet
another objective of the present invention is to provide such compositions, which exhibit
satisfactory oral bioavailability and therapeutic efficacy. Yet another object of the present

invention is to provide such compositions, which are easy to manufacture at low cost.

Summary of the invention

The above objectives are accomplished by means of the pharmaceutical compositions
comprising Afabicin, as disclosed herein and as specified in the appended claims. In

particular, the following pharmaceutical compositions are provided:

1. Solid pharmaceutical composition in the form of a unit dose comprising Afabicin or a
pharmaceutically acceptable salt thereof and one or more pharmaceutically acceptable

excipients, characterized in that the composition contains a histidine compound.

2. Solid pharmaceutical composition according to item 1, which comprises Afabicin or a

pharmaceutically acceptable salt thereof in an amount of from 20 mg to 480 mg.

3. Solid pharmaceutical composition according to item 1 or 2, which contains histidine.

4. Solid pharmaceutical composition according to anyone of items 1 to 3, which is in the
form of a tablet, the tablet preferably comprising an internal phase and an external
phase, wherein Afabicin or a pharmaceutically acceptable salt thereof is preferably

contained only in the internal phase.

5. Solid pharmaceutical composition according to item 4, which contains the histidine

compound only in the internal phase.

6. Solid pharmaceutical composition according to anyone of items 1 to 5, which contains a
binder selected from the group consisting of povidone, copovidone, poloxamer,
polyethylene glycol, magnesium aluminosilicate, gelatin, acacia, dextrin, dextrates,
dextrose, polydextrose, guar gum, hydrogenated vegetable oil, liquid glucose, wax,

maltose, sucrose, lactose, wax, and mixtures thereof.

7. Solid pharmaceutical composition according to anyone of claims 1 to 6, which contains
a diluent selected from the group consisting of mannitol, isomalt, lactose, calcium

phosphate, calcium carbonate, calcium sulfate, sucrose, fructose, maltose, xylitol,
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maltitol, lactitol, trehalose, aluminum silicate, cyclodextrin, dextrose, polydextrose,

glucose, dextrin, dextrates, magnesium carbonate and mixtures thereof.

8. Solid pharmaceutical composition according to anyone of items 1 to 7, which contains a
surfactant selected from the group consisting of sodium lauryl sulfate, poloxamers,
sodium docusate, sodium deoxycholate, sorbitan esters, sucrose esters of fatty acid,

tyloxapol, lecithin and polysorbate and mixtures thereof.

9. Solid pharmaceutical composition according to anyone of items 1 to 8, which contains a
disintegrant selected from the group consisting of crospovidone, magnesium

aluminosilicate, colloidal silicon dioxide, guar gumand mixtures thereof.

10. Solid pharmaceutical composition according to anyone of items 1to3and 6to 9,
which is in the form of a capsule containing Afabicin or a pharmaceutically acceptable salt
thereof and one or more pharmaceutically acceptable excipients in the form of a powder

or granulate.

In addition to the above, the present invention also provides methods for manufacturing
the pharmaceutical compositions of the present invention. Such methods of the present
invention are disclosed hereinbelow. These methods include, in particular, the following

methods:

11. Method of manufacturing the solid composition according to any one of items 1to 9,
which comprises the following steps in the specified order:

(i) dry mixing some or all of the components of the composition;

(ii) granulating the resulting mixture to obtain a granulate;

(iii) admixing any remaining components of the composition to the granulate;

(iv) compression of the resulting mixture to obtain a compressed tablet; and

(v) optionally coating the resulting compressed tablet.

12. Method according to item 11, wherein the granulation step is performed by wet

granulation or dry granulation.

13. Method according to item 11 or 12, wherein a part of the diluent, if present and/or a
part of the disintegrant, if present, and part of or all of the glidant and lubricant, if

present, is admixed to the granulate of step (ii).
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Finally, the present invention provides uses of the pharmaceutical compositions
according to the present invention. These uses are also described hereinbelow. They

include, in particular, the following uses:

14. Solid pharmaceutical composition according to anyone of items 1 to 10 for use in a

method of treating bacterial infections in a mammal.

15. Solid pharmaceutical composition for use according to item 14, wherein the mammal

is a human.

16. Solid pharmaceutical composition for use according to item 14 or 15, wherein the
bacterial infection is caused in particular by the bacterial species S. aureus, such
infections being i.a. acute bacterial skin and skin-structure infection (ABSSSI) or bacterial

infections associated with diabetic foot syndrome.

The present invention also pertains to methods for treating bacterial infections in a

mammal in need thereof using the solid pharmaceutical compositions of the present
invention, e.g. as specified in anyone of items 1 to 10 above. It specifically pertains to
such methods, wherein the mammal is a human. In preferred embodiments of these
methods of treatment of the present invention, the bacterial infection is caused by a

bacterial species selected from S. gureus, including methicillin-resistant S. gureus.

Description of figures

Figure 1: In vitro dissolution profile of Examples 1 to 8 after manufacturing (TO)

Figure 2: In vitro dissolution profile of Comparative Examples 1 to 11 after manufacturing
(TO)

Figure 3: In vitro dissolution profile of Examples 1 to 8 after accelerated storage
conditions (15 days at 40°C/75%RH in open bottle)

Figure 4: In vitro dissolution profile of Comparative Examples 1, 2, 4,5, 7,8, 9,and 10
after accelerated storage conditions (15 days at 40°C/75%RH in open bottle)
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Detailed description of the invention

Definitions

The verbs “comprise” and “contain” introduce an open list that allows the additional
presence of further components not included in said list. By contrast, the verb “consist
of” introduces a closed list that does not permit the additional presence of further
unmentioned components. Wherever the present application uses the verbs “comprise”
or “contain”, this is meant to include the option “consist of” as a preferred embodiment.
Unless the context dictates otherwise, the term “a” or “an” characterizes a substance or
component but without restricting its number/amount. For instance, a reference to “a
binder” is to be understood as a reference to a single binder or, alternatively, a

combination of two or more binders.

The term “histidine compound” is used to characterize histidine itself as well as
pharmaceutically acceptable salts thereof. Histidine or a pharmaceutically acceptable salt
thereof may be used as the histidine compound in the racemic form, as the L-enantiomer,
the D-enantiomer or any mixture thereof. It is preferred to use the L-enantiomer. Any
reference to a histidine compound is also to be understood as a reference to histidine
itself (only), which is the most preferred embodiment of the histidine compound.

III

The term “cellulosic material” characterizes a material that is a material containing at

least 10 consecutive repeating units of the following general structure:

wherein n is 10 or more and each R is independently hydrogen or a substituent. In
particular, each R in the repeating unit is independently selected from the group
consisting of H, Ci.6 alkyl, hydroxy-Ci.s alkyl, carboxy-Ci-s alkyl, -(C=0)-C1-6 alkyl.

The term “starch material” is used to characterize any material having at least 10
consecutive repeating units of amylose or amylopectin structure. Starch materials
encompass also materials having at least 10 consecutive repeating units of amylose or

amylopectin structure, wherein one or more substituents are attached to the amylose
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and/or amylopectin structural elements via hydroxyl group-derived oxygen atoms in the
same manner as shown above for cellulose materials. Such starch materials may

optionally be pregelatinized.

The term “polysaccharide”, as used herein, refers to any material having at least 10
monosaccharide units linked by glycosidic bonds. The scope of the monosaccharides is
not particularly restricted. Moreover, two or more different types of monosaccharides
may simultaneously be present in a polysaccharide. Polysaccharides may be linear or

branched.

The term “modified release agent” is used to characterize a group of materials, which are
used in pharmaceutical industry to control, delay or prolong the release of an active
pharmaceutical ingredient. Modified release agents include polymethacrylate (including
methyl acrylate-methacrylic acid copolymers and/or methyl methacrylate-methacrylic
acid copolymers), polyvinyl acetate phthalate, cellulose acetate phthalate, hypromellose
acetate succinate, hypromellose phthalate, hypromellose (high molecular weight),
methylcellulose (high molecular weight), microcrystalline wax, carbomers, guar gum,
shellac, carrageenan, chitosan, glycerin monostearate, glyceryl behenate, glyceryl
monooleate, glyceryl monostearate, glyceryl palmitostearate, polacrilin potassium,
polycarbophil, polyethylene oxide (high molecular weight), alginic acid, sodium alginate

and zein.

The term “dissolution stability” characterizes a formulation that exhibits a mean
dissolution profile after short term storage in accelerated conditions, preferably after
storage for 15 days at 40°C/75%RH in an open vial, that deviates, preferably slows down,
by no more than 30%, preferably no more than 25% and more preferably no more than
20%, and even more preferably no more than 15% from the mean dissolution profile of
the same formulation before storage. Deviations are to be determined at time points of
45 min and 60 min. A formulation is “dissolution stable” in the sense of the present
invention only if there is less than 30%, preferably less than 25% and more preferably less
than 20%, and even more preferably less than 15% deviation, preferably slow down, at all
of these two time points. Relative deviation is to be calculated taking the dissolution
values before storage as the standard. That is, relative deviation, can be calculated using

the following equation:

Deviation, 1=x(%)

=100% x | [Disst=x (after storage)-Disst-x (before storage)] |/Dissr— (before storage)
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wherein DissT-x characterizes the percentage of dissolved Afabicin at the time x.

III

The term “alkyl” refers to monovalent saturated hydrocarbon radicals of the general
formula CnHzn+1. Alkyl residues may be linear or branched. Preferred alkyl groups have

from 1 to 6 carbon atoms.

The term “alkoxy” refers to a monovalent radical of the general formula -O-alkyl, wherein

the alkyl group is as defined above.

The present application refers to “components” of the pharmaceutical compositions of
the present invention as any material that is present in the final product, including
excipients and including also the pharmaceutically active ingredient. The term
“components” also includes a tablet coating (if present) or a capsule shell (if present).
“Excipients” are all components of the pharmaceutical composition that do not exercise a
pharmaceutical effect on their own, i.e. all components other than the pharmaceutically

active ingredient.

Unless specified otherwise, all absolute amount indications in the present application are
given in mg. Unless specified otherwise, all relative amount indication are provided in
weight% (wt%) based on the total weight of the pharmaceutical composition. If the
pharmaceutical composition is in the form of a coated tablet, the weight of the coating is
not included in said total weight. If the pharmaceutical composition is in the form of a
capsule, the weight of the capsule shell is also excluded from said total weight. The
weight of any liquid that may be temporarily present during wet granulation, but which is

removed by subsequent drying procedures, is not included in said total weight.

Unless specified otherwise, all absolute amount indications, e.g., daily dosages, of the
active substance Afabicin are based on the molecular weight of the free acid form. Hence,
if a salt form of Afabicin is used, the specified absolute amounts need to be converted
taking relative molecular weights into account. This can be done using the following

equation (1):

m(salt) = m(free acid)*M(salt)/M(free acid) (1)

wherein m specifies the absolute amount and M specifies the molecular weight of the

respective form.
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Unless specified otherwise, all relative amount indications, e.g. compositional ranges, of
the active substance Afabicin are based on the molecular weight of the bis-ethanolamine
salt of Afabicin (Afabicin Olamine). Hence, if a different salt form or the free acid form of
Afabicin is used, the specified absolute amounts need to be converted taking relative

molecular weights into account. This can be done using the following equation (2):

w(s2) = 100*w(s1)*M(s2)/(M(s1)*(100+w(s1)*(M(s2)-M(s1))/M(s1))) (2)

wherein w(s2) is the relative amount of a second salt form or the free acid form (in wt%
based on the total weight of the composition containing this salt form); w(s1) is the
relative amount of the bis-ethanolamine salt form (in wt% based on the total weight of
the composition containing the bis-ethanolamine salt form; M(s2) is the molecular weight
of said second salt form or the free acid form; and M(s1) is the molecular weight of the

bis-ethanolamine salt form.

Indications in the present application that the pharmaceutical compositions of the
present invention are “free” of a particular substance, indications that no substance of
this type is present, as well as statements that said substance is absent, omitted, or the
like, are to be understood such that the relative amount of said substance in the
pharmaceutical composition is less than 0.1 wt% and preferably less than 0.01 wt%.
According to a particularly preferred embodiment, said substance is completely absent or
present only in such a small amount that it cannot be detected based on analytical
techniques available at the filing date. According to another embodiment, the
pharmaceutical composition contains the respective substance in such a small amount
that it has no measurable impact on the dissolution characteristics of the active

ingredient Afabicin.

Indications of relative amounts of components by means of ranges are to be understood
such that, in case of “comprising” language, any amount within the specified range can be
present with the proviso that the total amount of mentioned components must be 100
wt% or less to allow for the optional presence of additional unmentioned components. In
case of “consisting of” language, any amount within the specified range can be present
with the provision that the total amount of mentioned components must be 100 wt%. In
this connection, the term “mentioned component” refers to any components, for which a

relative amount is specified in the same technical context.
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Some of the excipients mentioned hereinbelow may have two or more functions. For
instance, poloxamer may be used as a surfactant but it may also function as a binder
component. It is perfectly in agreement with the present invention to make use of such
components in order to benefit from two or more of the functions of the respective
component. If such a component having two or more functions is employed, it is of
course possible to reduce the amount of, or to completely omit any other component
having one of these functions. As regards amount indications, the following is to be

considered:

e The histidine compound is to be considered only in its function as agent for
improving dissolution characteristics, irrespective whether it might also exercise
any other function. For instance, if the formulation contains the diluent mannitol
and/or isomalt in addition to the histidine compound, the diluent amount is the
same as the mannitol and/or isomalt amount, which means that the amount of
histidine compound is not to be counted for the diluent irrespective whether the

histidine compound exercises a diluent function or not.

e Amount indications provided below are to be understood such that such a
multifunctional component is to be taken into account for each of its functions,
which it can exercise in the pharmaceutical composition. If, for instance,
poloxamer is present in an amount of 5 wt%, this component should be counted

as 5 wt% surfactant and, additionally, 5 wt% of binder.

e |tis possible and in agreement with the present invention that a multifunctional
component is used in an amount that is in agreement with the amount indication
given for one type of component, but which is higher than the amount
indication(s) given for one or more other types of components. In this case, only
the fraction of the component in accordance with upper limit(s) of this/these
lower amount indication(s) is deemed to be present for assessing conformity with
the lower amount indications in the present invention, whereas the full amount is
considered for assessing conformity with the higher amount indication. For
instance, if 50 wt% starch is used, which may function as a diluent and also as a
binder, the question arises whether this amount is in accordance with the amount
indications specified below. According to one embodiment described below, the
diluent may be present in an amount of 50-75 wt% and the binder may be present
in an amount of 4-7 wt%. Using 50 wt% starch is in agreement with this

embodiment: for the binder function, it is deemed that 7 wt% of the starch
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functions as a binder while the entire amount of 50 wt% is to be considered for

the diluent function.

e |tis also possible and in agreement with the present invention that a
multifunctional component is used in an amount that is in agreement with the
amount indication given for one type of component, but lower than the amount
indication(s) given for one or more other types of components. In this case,
additional components having the same function must be used in sufficient
amounts to comply with the amount indications specified for these other types of
components. For example, if, by analogy to the above example, an amount of 7
wt% starch is present, this will be in agreement with the binder amount specified
for the above-mentioned embodiment. In order to comply also with the amount
specification for the diluent component, at least 43 wt% of another diluent must

be used in addition to the starch component.

e |fthere is any doubt about the functions performed by a particular component,
the information provided hereinbelow shall be considered as decisive. In the
absence of information hereinbelow, this information may be supplemented by
the information contained in “Handbook of Pharmaceutical Excipients” by P. J.
Sheskey, Pharmaceutical Press, 8t Edition 2017.

Overview

The present invention is based on the surprising finding that the release characteristics of
Afabicin-containing formulations can be significantly improved by incorporating histidine

compounds into the formulations.

Histidine is a well-known pharmaceutical ingredient commonly used in protein freeze-
dried formulations for parenteral administration and acts as a buffer (see Excipient
Development for Pharmaceutical, Biotechnology, and Drug Delivery Systems, ed Ashok
Katdare, Mahesh Chaubal, CRC Press, 2006, p 299 to 300). Histidine has been shown to
protect a monoclonal antibody in both the liquid and lyophilised state against heat stress
(see Arakawa et al., Biotechnology Applications of Amino Acids in Protein Purification and
Formulations. Amino Acids. 33, 587-605).

Without wishing to be bound to this theory, it is speculated that the histidine compound
is advantageous because it stabilizes Afabicin through molecular interactions. In

particular, it is possible in this manner to provide formulations that readily release
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Afabicin without disintegration problems. This general inventive concept can be
implemented with any kind of solid dosage form, including in particular tablets and
capsules. The benefits of the present invention are most prominent in tablets and
especially in tablets having an internal phase and an external phase. It is particularly
advantageous to employ the specified excipient materials for manufacturing such a tablet
having an internal phase comprising Afabicin, as well as an external phase not comprising
Afabicin. In this case, it is preferred to provide the histidine compound at least in the

internal phase.

Even better results can be accomplished if histidine itself is incorporated into the
formulation. It is therefore a preferred embodiment of the present invention to
incorporate histidine. The present invention further provides solid pharmaceutical
compositions containing one or more of a range of excipient materials that are well suited
for manufacturing Afabicin-containing solid dosage forms that exhibit excellent
dissolution and stability characteristics. In preferred embodiments, the present invention
also provides solid pharmaceutical compositions characterized by the absence of other
excipient materials as specified in the next section as an alternative approach for

improving dissolution and stability characteristics.

Substances preferably to be avoided

The pharmaceutical compositions of the present invention are preferably free of cellulosic
materials. This means especially that none of the following materials is present:
Microcrystalline cellulose, silicified microcrystalline cellulose, hydroxypropyl methyl
cellulose, hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxyethylmethyl cellulose,
methyl cellulose, carboxymethyl cellulose and salts thereof, but also any other polymeric

substance based on cellulose repeating units as defined above.

As a more preferred embodiment the pharmaceutical compositions of the present
invention are additionally free of starch materials. In particular, the pharmaceutical
compositions of the invention are free pregelatinized starch. According to yet another
preferred embodiment of the present invention, the pharmaceutical compositions of the

invention do not contain any polysaccharide material at all.

The above general rules for preferred embodiments without cellulose materials and/or
starch materials or even without polysaccharides in general apply irrespective of the
intended function of the component and the localization of the component within the

solid dosage form. For instance, in a tablet containing an internal phase an external phase
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as well as a coating, there is no cellulosic material in the internal phase, no cellulosic

material in the external phase and no cellulosic material in the coating.

It is also preferred not to include modified release agents into the pharmaceutical

composition. This applies equally to a coating thereof, if present.

Active substance

Unless the context dictates otherwise, the term “Afabicin” is used herein to characterize
the chemical compound shown above, as well as any pharmaceutically acceptable salt

form thereof.

Afabicin can be used in the form of the free acid and/or it can be used in a
pharmaceutically acceptable salt form. The free acid form of Afabicin has been attributed
the following CAS RN 1518800-35-5. The most advantageous salt form presently known is

the bis-ethanolamine salt, which is shown below.

Qzéw@
G,.

(,»,Ham,me) ,

Afabicin, under this bis-ethanolamine salt form, is also called Afabicin Olamine and its CAS
RN is 1518800-36-6.

A mixture of the free acid form and the bis-ethanolamine salt of Afabicin is also
advantageously used. According to a particularly preferred embodiment of the present
application, all references to Afabicin are to be understood as references to the Afabicin
bis-ethanolamine salt optionally in combination with Afabicin in the free acid form. In the
most preferred embodiment, a combination of Afabicin bis-ethanolamine salt with
Afabicin in the free acid form is used, wherein the molar ratio of free acid to bis-
ethanolamine salt is in the range of from 0.7 to 0.9 and even more preferably from 0.75
to 0.85.
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Apart from the above-mentioned particularly preferred embodiment, it is also possible
but less preferable to use alternative salt forms of Afabicin, such as the bis-potassium salt
or a monobasic dialkylammonium salt wherein the alkyl group is selected from methyl
and ethyl groups. In principle, the type of salt form is not particularly limited and it is
therefore possible to use any pharmaceutically acceptable salt form of Afabicin, including
but not limited to the salts disclosed in WO 2013/190384.

The above-mentioned forms including the free acid form and less preferred salt forms
may of course be used in combination. Amount indications provided for Afabicin refer to
the amount of the free acid form. If a salt of Afabicin is used, the amount must be
correspondingly adjusted taking the higher molecular weight of the Afabicin salt into
account. This is most easily done for an absolute amount indication in mg. The adjusted

value may then be converted into a relative amount, if needed.

Afabicin may be present in the pharmaceutical composition of the present invention in an
amount of 20 mg to 480 mg, preferably from 40 mg to 240 mg and most preferably in a
weight of 120 mg or 240 mg.

The relevant amount of Afabicin salt in the compositions of the invention may range from
10 wt% to 90 wt%, preferably from 30 wt% to 85 wt% and most preferably from 40 wt%
to 60 wt%. As indicated above, such relative amount indications are applicable to Afabicin
Olamine. If another Afabicin salt or the free acid form of Afabicin is used, the relative
amount will have to be converted taking the molecular weight of Afabicin Olamine and of
the Afabicin form of interest into account. A suitable formula for this calculation is

provided in the definitions section above.

It is also possible in accordance with the present invention to combine the Afabicin active
substance with another active drug substance. Drug substances suitable for such
combinations are described in paragraphs [0132] to [0140] of WO 2013/190384 A, which

is herewith incorporated by reference.

Histidine Compound

The histidine compound is used as an agent allowing composition disintegration and
Afabicin release. In a preferred embodiment, the histidine compound is histidine itself.
Instead of the histidine compound in the free form, it is also possible to use a
pharmaceutically acceptable salt thereof, such as the citrate salt. Histidine or a

pharmaceutically acceptable salt thereof may be used in the racemic form, as the L-
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enantiomer, the D-enantiomer or any mixture thereof. It is preferred to use the L-
enantiomer. Another possibility in accordance with the present invention is to use a
combination of two or more histidine compounds, e.g. a combination of histidine and a
histidine salt. It is also possible to use the histidine compound together with one or more

further compounds exhibiting molecular interaction with Afabicin or Afabicin salt.

If the histidine compound is used as the sole agent of this type, it may be presentin a
molar ratio relative to Afabicin or Afabicin salt of (histidine compound)/(Afabicin (salt))=
0.5 to 5, preferably 0.6 to 4.5,0.7to 4, 0.75to 4, or 0.8 t0 3.5, or 1 to 3, or more
preferably 1 to 2. If the histidine compound is used together with another stabilizing
agent exhibiting molecular interaction with Afabicin or Afabicin salt, it may be present
together with the other stabilizing agent in a molar ratio relative to Afabicin or Afabicin
salt of (histidine compound + other stabilizing agent)/(Afabicin (salt))= 0.5 to 10,
preferably 0.6t09,0.7t0 8,0.75t0 8, 0or 0.8 to 7, or 1 to 6, more preferably to 1 to 3.

If the relative amount of the Afabicin or Afabicin salt and of the histidine compound is
known, the molar ratio may be calculated relying on the following formula, which is
shown in an exemplary fashion for an Afabicin salt. An analogous formula applies if the

free form of Afabicin is used:

Molar ratio (histidine compound / Afabicin salt) = (%wt (histidine compound) /
M(histidine compound))/ (%wt (afabicin salt) / M(afacibin salt))

wherein M (histidine compound) is the molecular weight of histidine compound; M
(Afabicin salt) is the molecular weight of Afabicin salt (or Afabicin itself, if the free form is

used instead of a salt)

Binder

A binder is advantageously used for increasing the particle size of active ingredient alone
or with excipients and improve its handling properties. There is no particular limitation on
the binder material that can be employed in the present invention. According to a
preferred embodiment, no cellulosic material is used. According to another preferred

embodiment, no starch material is used.

Suitable binder materials include povidone (polyvinylpyrrolidone), copovidone (Poly(1-
vinylpyrrolidone-co-vinyl acetate)), hydroxy propyl cellulose, hydroxyl propyl methyl
cellulose, hydroxyethyl cellulose, methyl cellulose, microcrystalline cellulose, poloxamer
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(a block copolymer with a first poly(ethylene oxide) block, a second and central
poly(propylene oxide) block and a third poly(ethylene oxide) block), polyethylene glycol,
magnesium aluminosilicate, gelatin, acacia, alginic acid, carbomer (e.g. carbopol),
carrageenan, dextrin, dextrates (a purified mixture of saccharides developed from the
controlled enzymatic hydrolysis of starch), dextrose, polydextrose, guar gum,
hydrogenated vegetable oil, liquid glucose, maltose, sucrose, lactose, wax, maltodextrin,
starch (pregelatinized and plain), hydroxypropyl starch, glyceryl behenate, glyceryl
palmitostearate, polyethylene oxide, sodium alginate, ethycellulose, cellulose acetate
phthalate, polymethacrylate, carboxymethyl cellulose sodium, polycarbophil, chitosan

and mixtures thereof.

The use of povidone and copovidone is preferred.

The binder may be present in a relative amount of from 0.5 wt% to 15 wt%, preferably
from 2wt% to 10wt% e.g. 2 wt% to 8 wt% and more preferably 3wt% to 8wt% e.g. 3wt%
to 6wt%.

Diluent

Diluents are optionally but advantageously used for increasing the bulk of the
pharmaceutical composition and for facilitating handling of the composition. There is no
particular limitation on the diluent material that can be employed in the present
invention. Similar to the situation described for the binder above, it is preferred not to
use a cellulosic material and/or not to use a starch material and/or not to use a modified

release agent.

Suitable diluent materials include mannitol, isomalt, lactose (including anhydrous or
monohydrate forms), calcium phosphate (including dibasic and tribasic calcium
phosphate), calcium carbonate, magnesium carbonate, magnesium oxide, calcium sulfate,
sucrose, fructose, maltose, xylitol, sorbitol, maltitol, lactitol, trehalose, aluminium silicate,
dextrose, cyclodextrin (native or modified), starch (pregelatinized or plain), maltodextrin,
cellulose (microcrystalline, silicified microcrystalline), glucose, dextrin, dextrates (a
purified mixture of saccharides developed from the controlled enzymatic hydrolysis of
starch), dextrose, polydextrose, ammonium alginate, glyceryl behenate, glyceryl
palmitostearate, sodium alginate, ethycellulose, cellulose acetate, cellulose acetate

phthalate, polymethacrylate, chitosan and mixtures thereof.
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The use of mannitol, xylitol, sorbitol and/or isomalt is preferred, and most preferably
mannitol and/or isomalt.

The diluent, if present, may be present in a relative amount that is not particularly
restricted. Suitable amounts may range from 2 wt% to 85 wt%, preferably from 8 wt% to
80 wt% and more preferably 10 wt% to 30 wt%.

Surfactant

In an embodiment the composition comprises a surfactant. A surfactant may
advantageously be used for assisting wettability of the tablet and of the active ingredient.
The surfactant is an optional but preferred component. There is no particular limitation
on the surfactant material that can be employed in the present invention. Similar to the
situation described for the binder above, it is preferred not to use a cellulosic material

and/or not to use a starch material and/or not to use a modified release agent.

Suitable surfactant materials include sodium lauryl sulfate, poloxamer, sodium docusate,
sodium deoxycholate, sorbitan esters, polyethylene oxide, polysorbate 20, polysorbate
40, polysorbate 60, polysorbate 80 (ethoxylated sorbitan esterified with fatty acids
wherein the number indicates the number of repeating units of polyethylene glycol),

sucrose esters of fatty acid, tyloxapol, lecithin and mixtures thereof.

The use of sodium lauryl sulfate is preferred.

The surfactant may be present in a relative amount that is not particularly restricted.
Suitable amounts may range from 0 wt% or more to 7 wt%, preferably from 0.1 wt% to
6.5 wt% and more preferably 1 wt% to 6 wt%. In one specific embodiment, a surfactant is
present, preferably in an amount range as specified above, and the molar ratio of Afabicin
or Afabicin salt relative to histidine compound (and other stabilizing agent, if present) is
set to fall within one of the ranges described hereinabove. For instance, a surfactant may
be present in an amount of 0.1 wt% to 6.5 wt% while the above-mentioned molar ratio
may be greater than 0.5 and may for example be 0.6 to 4.5 if no other stabilizing agent is

present or 0.6 to 9 if another stabilizing agent is present.

Disintegrant

A disintegrant is advantageously used for accelerating disintegration of the
pharmaceutical composition to thereby assist in dissolution of the active ingredient.

There is no particular limitation on the disintegrant material that can be employed in the
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present invention. Similar to the situation described for the binder above, it is preferred
not to use a cellulosic material and/or not to use a starch material and/or not to use a

modified release agent.

Suitable disintegrant materials include crospovidone, sodium starch glycolate, sodium
croscarmellose, magnesium aluminosilicate, colloidal silicon dioxide, sodium alginate,
calcium alginate, pregelatinized starch, microcrystalline cellulose, methylcellulose,
hydroxypropyl cellulose, calcium carboxymethylcellulose, sodium carboxymethylcellulose,
alginic acid, guar gum, homo- and copolymers of (meth)acrylic acid and salts thereof such

as polacrillin potassium, and mixtures thereof.

The use of crospovidone is preferred

The disintegrant may be present in a relative amount that is not particularly restricted.
Suitable amounts may range from 0 wt% or more to 20 wt%, preferably from 1 wt% to 15

wt% and more preferably 2 wt% to 10 wt%.

Glidant

A glidant is advantageously used for improving flowability of the pharmaceutical
composition to thereby improve its handling properties. The glidant is an optional but
preferred component. There is no particular limitation on the glidant material that can be
employed in the present invention. Similar to the situation described for the binder
above, it is preferred not to use a cellulosic material and/or not to use a starch material

and/or not to use a modified release agent.

Suitable glidant materials include colloidal silica dioxide, magnesium oxide, magnesium

silicate, calcium silicate, tribasic calcium phosphate, talc, and mixtures thereof.

The use of colloidal silica dioxide is preferred.

The glidant may be present in a relative amount that is not particularly restricted. Suitable
amounts may range from 0 wt% or more to 5 wt%, preferably from 0.1 wt% to 4 wt% and

more preferably 0.2 wt% to 1 wt%.

Lubricant

Lubricants are advantageously used to facilitate tableting, in particular by preventing
sticking of the tablets to the tablet punch. The lubricant is an optional but preferred
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component. There is no particular limitation on the lubricant material that can be
employed in the present invention. Similar to the situation described for the binder
above, it is preferred not to use a cellulosic material and/or not to use a starch material

and/or not to use a modified release agent.

Suitable lubricant materials include magnesium stearate, sodium stearyl fumarate, talc,
stearic acid, leucine, poloxamer, polyethylene glycol, glyceryl behenate, glycerin
monostearate, magnesium lauryl sulfate, sucrose esters of fatty acids, calcium stearate,
aluminum stearate, hydrogenated castor oil, hydrogenated vegetable oil, mineral oil,
sodium benzoate, zinc stearate, palmitic acid, carnauba wax, magnesium lauryl sulfate,
sodium lauryl sulfate, polyoxyethylene monostearates, calcium silicate, and mixtures
thereof.

The use of a lubricant selected from magnesium stearate and sodium stearyl fumarate,

and combinations thereof is preferred

The lubricant may be present in a relative amount that is not particularly restricted.
Suitable amounts may range from 0 wt% or more to 7 wt%, preferably from 0.1 wt% to 5
wit% e.g. 0.1 wt% to 4 wt% and more preferably 0.25 wt% to 4 wt% e.g. 0.5 wt% to 3.5
wt%.

Other types of excipients

The composition of the present invention may contain further excipients that are
commonly used in the art. Such further excipients may include plasticizer, film forming
agent, colorant, anti-tacking agent and/or pigment for coating the compositions of the
present invention. Further types of excipients, which may be present, include buffer
agents, flavoring agents, sweeteners, antioxidants and/or absorption accelerators. Similar
to the situation described for the binder above, it is preferred not to use a cellulosic

material and/or not to use a starch material and/or not to use a modified release agent.

Relative amounts of such excipients are not particularly limited. They may be determined

by the skilled person based on common general knowledge and routine procedures.

Film forming agents are advantageously used for providing the tablets of the invention
with a coherent coating. Suitable film forming agents include isomalt, polyvinyl alcohol,

polyethylene glycol, maltodextrin, sucrose, xylitol, maltitol. Enteric coating agents such as
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materials selected from the group consisting of methyl acrylate-methacrylic acid
copolymers, polyvinyl acetate phthalate (PVAP), methyl methacrylate-methacrylic acid
copolymers, shellac, sodium alginate and zein may be used, but this is not preferred.
Similar to the situation described for the binder above, it is preferred not to use a
cellulosic material and/or not to use a starch material. It is preferred to use a combination
of film forming agents comprising polyvinyl alcohol and one or more second agents

selected from isomalt, sucrose, xylitol, and maltitol.

Suitable plasticizers include sorbitol, triacetin, poloxamer, polyethylene glycol, glycerin,
propylene glycol, polyethylene glycol monomethyl ether, acetyl tributyl citrate, acetyl
triethyl citrate, castor oil, glyceryl monostearate, diacetylated monoglyerides, dibutyl

sebacate, diethyl phthalate, triethyl citrate, and tributyl citrate.

Tablet

The pharmaceutical compositions of the invention are preferably in the form of tablets.
Tablets may be single layer monolithic tablets, they may be of a layered structure having
two or more layers or they may have a structure with an internal phase (obtained by a
granulation step) and an external phase. The variant with an internal and external phase
is particularly preferred. In this variant, it is also particularly preferred that the active drug
substance Afabicin is present solely in the internal phase. In this variant, it is furthermore
particularly preferred that at least some, e.g. more than 50% and preferably more than
80%, of the histidine compound is also present in the internal phase. It is as well
preferred that at least some, e.g. more than 50% and preferably more than 55%, of the
disintegrant is also present in the internal phase. If the tablet has an internal phase and
an external phase, it is preferred that the weight ratio of the internal phase to the

external phase is 50:50 or higher and more preferably in the range of from 80:20 to 95:5.

If the tablet is a single layer tablet, the above amount indications apply without
restrictions. In case of a two layer tablet, some of the components may be separated
from each other by incorporating them into separate layers. In case of tablets having two
or more layers, it is preferred that that at least some, e.g. more than 50% and preferably
more than 80%, of the histidine compound is present in the same layer as Afabicin. In
case of tablets having two or more layers, it is as well preferred that at least some, e.g.
more than 50% and preferably more than 55%, of the disintegrant is also present in the
same layer than Afabicin. Apart from that, there are no particular restrictions regarding

the allocation of excipients to the different layers. In case of a multilayer tablet with three
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or more layers, it is preferred to incorporate the active substance Afabicin and ideally also
the histidine compound solely into an outer layer. For this preferred embodiment, the
above restrictions apply together with those provided below for the tablet with internal
and external phase (such that indications for the internal phase apply to at least one of
the inner layer(s) whereas indications for the external phase apply to the outer layers and

any inner layer, which may be present in addition to the Afabicin-containing layer).

Internal phase

The internal phase, if present, contains preferably the following components:

e Afabicin or Afabicin salt (50-100 wt.%, preferably 100 wt%, of the total amount of
Afabicin or Afabicin salt);

e Histidine compound (50-100 wt.%, preferably 100 wt.%, of the total amount of

histidine compound);
e Binder (50-100 wt.%, preferably 100 wt%, of the total amount of binder);

e Optionally Diluent (0-100 wt.%, preferably 0-20 wt.%, of the total amount of
diluent); these amounts do not include histidine compound amount describe

above;

e Optionally surfactant (50-100 wt.%, preferably 100 wt%, of the total amount of

surfactant);

e Optionally disintegrant (40-100 wt.%, preferably 60-100 wt.%, of the total amount

of disintegrant);

e Optionally glidant (0-100 wt.%, preferably 0-50 wt.% of the total amount of
glidant); and

e Optionally lubricant (0-100 wt.%, preferably 0-50 wt.% of the total amount of

lubricant).

Additional components such as release rate modifiers, colorants, buffer agents, flavoring

agents and/or sweeteners may also be present in the internal phase.

External phase

The external phase, if present, contains preferably the following components:

e Afabicin or Afabicin salt (0-50 wt.%, preferably 0 wt%, of the total amount of
Afabicin or Afabicin salt);
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e Histidine compound (0-50 wt.%, preferably 0 wt.%, of the total amount of

histidine compound);
e Binder (0-50 wt.%, preferably 0 wt%, of the total amount of binder);

e Optionally Diluent, (0-100 wt.%, preferably 80-100 wt.%, of the total amount of
diluent); these amounts do not include histidine compound amount describe

above;

e Optionally surfactant (0-50 wt.%, preferably 0 wt%, of the total amount of

surfactant);

e Optionally disintegrant (0-60 wt.%, preferably 0-40 wt.%, of the total amount of

disintegrant);

e Optionally glidant (0-100 wt.%, preferably 50-100 wt.% of the total amount of
glidant); and

e Optionally lubricant (0-100 wt.%, preferably 50-100 wt.% of the total amount of

lubricant).

The above wt.% indications are calculated with respect to the total weight of the
respective compound in the tablet being 100 wt.%. For instance, it is in accordance with
the above indications to prepare a tablet with 240 mg Afabicin having 200 mg Afabicin in
the internal phase and 40 mg of Afabicin in the external phase. This distribution
corresponds to 83 wt.% of Afabicin in the internal phase and 17 wt.% in the external

phase. It is therefore in accordance with the ranges specified hereinabove.

Additional components such as release rate modifiers, buffer agents, colorants, pigments,

flavoring agents and/or sweeteners may also be present in the external phase.

Coating
The tablet of the invention may optionally be provided with a coating, irrespective
whether it is a single layer tablet, a multilayer tablet or a tablet with an internal phase
and an external phase. Such a coating may serve aesthetic purposes and it may also

facilitate labelling, handling and swallowing the tablet and/or have a protective effect.

Suitable materials for the coating are not particularly restricted. Typically, coatings
include a film forming agent as described above, wherein it is preferred to use the film

forming agent combinations described above as being preferred or more preferred.



10

15

20

25

30

CA 03129508 2021-08-06

WO 2020/165407 PCT/EP2020/053882

22

Additional components such as plasticizers, colorants and/or pigments, anti-caking agent,

may also be present in the coating.

Capsule

In another embodiment, the pharmaceutical composition may be in the form of a
capsule. In this embodiment, the components of the present application include

preferably the materials mentioned above:
e Afabicin;
e Histidine compound;
e Optionally binder;
e Optionally Diluent;
e Optionally surfactant but preferred;
e Optionally disintegrant but preferred;
e Optionally lubricant and
e Optionally glidant,

wherein the relative amounts of these components are preferably the same as specified
above. The components of the capsule composition may be provided and introduced into

the capsule shell in powder form or in granulated form.

The capsule shell may be made from gelatin or any other material, such as polyvinyl
alcohol and polyvinyl alcohol-based polymers, alginate or pullulan. Similar to the situation
described for the binder above, it is preferred not to use a capsule containing a starch
material and/or a modified release agent. However, different from the situation above, a
cellulosic material should be completely avoided as a capsule material. The use of gelatin
is preferred. There is no particular limitation regarding the capsule size and/or amount of

the composition to be filled into the capsule shell.

Method of manufacturing

The tablet of the present invention can be manufactured using conventional equipment
and techniques. Such methods of manufacturing may comprise in particular a first step of
dry mixing and granulating some or all of the components of the composition, followed
by a step of admixing any remaining components of the composition followed by

compression of the resulting mixture and, finally, followed by an optional coating step.
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In this method, the granulation type may be selected from wet granulation, dry
granulation, and melt granulation. In a further method of the present invention, the
granulation step may be completely omitted (i.e. direct compression). After granulation
but before compression into a tablet, the resulting granulate is preferably screened
and/or milled to obtain the desired particle size. In case of wet granulation, the granulate
is furthermore dried before or after the screening and/or milling. A preferred granulation

liquid to be used for wet granulation is water which may optionally contain binder.

Among the components of the composition of the present invention, it is preferred to
admix part or all of the glidant, lubricant, disintegrant and diluent after the granulation
step while granulating the remaining components (excluding, of course, the components

used for the optional coating).

The tablet with an internal phase and an external phase may in principle be manufactured
in the same manner as described above, but with the following modifications: the
compositions for the internal phase and external phase are separately prepared and the
composition for the internal phase is granulated. Then, the granulated composition for
the internal phase is blended with the composition for the external phase and the
resulting blend is compressed in a tableting machine to obtain the final tablet with

internal and external phase.

The capsules of the present invention can be manufactured by dry mixing some or all of
the components of the composition, optionally granulating the mixture, admixing any
remaining components and finally introducing the resulting composition into a capsule
shell.

Uses

The pharmaceutical compositions of the present invention are suitable for use in the
treatment of bacterial infections in a patient in need thereof. In particular, they are
suitable for the treatment of infections caused in particular by S. aureus, including
metbhicillin-resistant S. aureus such as acute bacterial skin and skin structure infection

(ABSSSI), or diabetic foot-associated bacterial infections.

Treatment of the patient by the pharmaceutical compositions of the present invention is
by means of oral administration. Typically, a single unit dose of the pharmaceutical
composition of the present invention is administered at least once a day and

administration two times a day is preferred. The daily dosage is determined by the



10

15

20

25

30

35

CA 03129508 2021-08-06

WO 2020/165407 PCT/EP2020/053882

24

physician taking severity of the infection, gender, weight, age and general condition of
the patient into account. Typical daily dosages range for human from 120 to 480 mg.
Typical daily dose is 120 or 240 mg twice a day, for a total of 240 to 480 mg per day.
Hence, the pharmaceutical composition of the present invention preferably has a unit
dose strength of 120 mg or 240 mg of active pharmaceutical ingredient (calculated as
Afabicin; e.g. if Afabicin Olamine is used, the preferred unit dose strength in terms of the
total weight of Afabicin Olamine is 150 mg or 300 mg, respectively).

The patient to be treated is a mammal, typically selected from human, companion animal

and food animal and preferably a human.

Preferred embodiments

It is particularly preferred to work the present invention by combining two or more of the
embodiments that are characterized in the above description or appended claims as
being preferred. It is equally preferred to combine embodiments of differing degrees of
preference, e.g. to combine a preferred binder material with a particularly preferred
tablet type.

The following preferred embodiments are important and therefore specifically

mentioned:

(A) According to one group of preferred embodiments, two or more components of the
pharmaceutical composition containing Afabicin and the histidine compound are selected
from the lists of preferred component materials. That is, it is preferable if, for two or
more of the following component types (Al) to (A6), the respective component is
selected from the following lists of preferred components:
(A1)  abinder selected from povidone and copovidone and combinations thereof;
(A2)  adiluent selected from mannitol, xylitol, sorbitol, isomalt and combinations
thereof and most preferably mannitol, isomalt and combinations thereof;
(A3)  sodium lauryl sulfate as surfactant;
(A4)  crospovidone as disintegrant;
(A5)  colloidal silica dioxide as glidant; and
(A6)  alubricant selected from magnesium stearate and sodium stearyl fumarate
and combinations thereof.
It is even more preferred if all of the above-mentioned component types that are present

are selected from the above lists of preferred components.



10

15

20

25

30

35

CA 03129508 2021-08-06

WO 2020/165407 PCT/EP2020/053882

25

(B) Particularly preferred embodiments of the present invention relate to solid
pharmaceutical compositions that are in the form of an optionally coated tablet having an
internal phase and an external phase, (B1) wherein the internal phase comprises
40 to 60 wt% Afabicin or Afabicin salt (calculated as Afabicin Olamine),
Molar ratio of 1 to 2 of histidine compound relative to Afabicin or Afabicin salt,
0 to 10 wt% diluent, (these amounts do not include histidine compound describe
above)
3 to 6 wt.% binder,
1 to 6wt% surfactant, and
1.2 to 10 wt.% disintegrating agent,
0 to 0.5 wt% glidant,
0to 1.75 wt.% lubricant,
and/or (B2) wherein the external phase comprises
8 to 50 wt% diluent, (these amounts do not include histidine compound describe
above)
0 to 4 wt% disintegrant,
0.1 to 1 wt% glidant, and
0.25 to 3.5 wt% lubricant,
and/or (B3) wherein the tablet is coated with a coating comprising
0.5 to 6 wt% film forming agents and
0.1to 1.5 wt.% plasticizer.
All of the above relative amount indications are based on the total weight of the tablet.

A particularly preferred formulation is an uncoated tablet characterized by the
components and relative amounts thereof as specified below.
Internal phase:
55 to 59 wt% Afabicin Olamine,
19 to 23 wt.% of histidine
5.75to 7.75 wt.% binder,
5.0 to 7.0 wt% surfactant, and
2.0 to 4.0 wt.% disintegrating agent,
and external phase:
1.0 to 3.0 wt% disintegrant,
0.1 to 0.9 wt% glidant, and
2.0 to 5.0 wt% lubricant.



10

15

20

25

30

35

CA 03129508 2021-08-06

WO 2020/165407 PCT/EP2020/053882

26

This tablet is preferably manufactured by mixing and wet granulation of the components
of the internal phase, followed by admixture of the components of the external phase,

followed by compression.

A more specific preferred embodiment is characterized by the following composition and
amounts (indications in mg/tablet):
Internal Phase:
Afabicin Olamine: 300.41 (corresponding to 240.00 mg of Afabicin)
Povidone: 34.65
L-Histidine: 112.65
Sodium Lauryl Sulfate: 30.00
Crospovidone: 15.75
External Phase:
Crospovidone: 10.51
Colloidal Silica: 2.40
Magnesium Stearate: 18.00

Even more preferred is of course a tablet, wherein the features of group (B1) and of
group (B2) are fulfilled. Particularly preferred is a tablet wherein the features of groups
(B1), (B2) and (B3) are simultaneously fulfilled.

(C) According to another particularly preferred embodiment, the pharmaceutical
composition is in the form of an uncoated tablet, or it is in the form of a coated tablet
wherein the coating comprises polyvinyl alcohol and a second film forming agent, or it is
in the form of a gelatin capsule.

(D) According to an even more preferred embodiment, the above-mentioned tablet,
especially the tablet according to any one of the above-mentioned embodiments (A), (B)

or (C), comprises Afabicin in the form of the bis ethanolamine salt.

Most preferred is a tablet, wherein the preferred features of groups (A), (B), (C) and (D)
are simultaneously fulfilled. Ideally this includes a combination of all preferred sub-groups
including (A1) to (A6) and (B1) to (B3).

Yet another particularly preferred formulation is an uncoated tablet characterized by the
components and relative amounts thereof as specified below.

Internal phase:
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48 to 52 wt% Afabicin Olamine,
17 to 21 wt.% of histidine
4.75 to 6.75 wt.% binder,
4.0 to 6.0 wt% surfactant, and
1.6 to 3.6 wt.% disintegrating agent,
and external phase:
10.5 to 14.5 wt% diluent, (this amount does not include histidine compound
describe above)
0.75 to 2.75 wt% disintegrant,
0.1to 0.7 wt% glidant, and
2.0 to 4.0 wt% lubricant.
This tablet is preferably manufactured by mixing and wet granulation of the components
of the internal phase, followed by admixture of the components of the external phase,

followed by compression.

A particularly advantageous formulation according to the preferred embodiments
described above is characterized by the presence of the following specific components:
povidone as the binder,
sodium lauryl sulfate as the surfactant,
crospovidone as the disintegrant,
isomalt or mannitol as the diluent other than histidine,
colloidal silica as the glidant, and

magnesium stearate as the lubricant.

Implementing the use of these particularly preferred specific components with the
particularly preferred relative amounts thereof yields the following particularly preferred
formulation:

Internal phase:

48 to 52 wt% Afabicin Olamine,

17 to 21 wt.% of histidine

4.75t0 6.75 wt.% povidone,

4.0 to 6.0 wt% sodium lauryl sulfate, and

1.6 to 3.6 wt.% crospovidone,
and external phase:

10.5 to 14.5 wt% isomalt and/or mannitol,

0.75 to 2.75 wt% crospovidone,

0.1 to 0.7 wt% colloidal silica, and
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2.0 to 4.0 wt% magnesium stearate.

This tablet is preferably manufactured by mixing and wet granulation of the components
of the internal phase, followed by admixture of the components of the external phase,

followed by compression.

A particularly preferred embodiment is characterized by the following composition and
amounts (indications in mg/tablet):
Internal Phase:
Afabicin Olamine: 300.41 (corresponding to 240.00 mg of Afabicin)
Povidone: 34.65
L-Histidine: 112.65
Sodium Lauryl Sulfate: 30.00
Crospovidone: 15.75
External Phase:
Isomalt: 75.63
Crospovidone: 10.51
Colloidal Silica: 2.40
Magnesium Stearate: 18.00

Another particularly preferred embodiment is characterized by the following
composition and amounts (indications in mg/tablet):
Internal Phase:
Afabicin Olamine: 300.41 (corresponding to 240.00 mg of Afabicin)
Povidone: 34.65
L-Histidine: 112.65
Sodium Lauryl Sulfate: 30.00
Crospovidone: 15.75
External Phase:
Mannitol: 75.63
Crospovidone: 10.51
Colloidal Silica: 2.40
Magnesium Stearate: 18.00

The above-mentioned specific preferred embodiments characterize pharmaceutical

compositions that are in the form of tablets. These tablets can be used in the uncoated
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form as described above, or they can be further coated for instance to improve their
chemical stability or their aesthetic appearance. For instance, the tablets may be coated
with 2-9 parts by weight relative to the uncoated tablet being 100 parts by weight of a
coating composition comprising polyvinyl alcohol combined with a second film forming

agent, a colorant and/or pigment as well as an anti-taking agent and plasticizing agent.

Of course, such particularly preferred embodiments may additionally fulfil further
features described as preferred elsewhere in the present specification or described in the

appended claims.
Examples

Examples 1 to 8 and Comparative Examples 1 to 11

Tablets with an internal phase and an external phase are manufactured by wet

granulation using the materials and methods specified in Tables 1, 2, 3 and 4 below.
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The dissolution characteristics of the above pharmaceutical compositions are determined
by an in vitro experiment using a Fasted-State Simulated Gastric Fluid (FaSSGF) with 60
min. This discriminatory method is best suited for testing compositions containing up to
40mg of Afabicin, due to limited solubility of the active pharmaceutical ingredient. Hence,
even if there is an intention to develop a pharmaceutical composition containing a
greater amount of Afabicin, it is recommended to proportionally scale the amounts of all
components down (such that relative amounts remain unchanged and such that the
Afabicin content is not higher than 40 mg), test this pharmaceutical composition and then

extrapolate from the obtained test results to the pharmaceutical composition of interest.

The dissolution test was performed in a basket Apparatus 1 at the following conditions:
e Temperature:37.0°C+£0.5°C
e Rotation speed:100 rpm during 45min, then 15min at 250rpm
e Dissolution medium and volume: 1000 mL FaSSGF

e Number of units tested: 3 or 6

The results of this experiment are shown in Figures 1, 2, 3 and 4. Figure 1 and 2 show the
dissolution characteristics before storing the samples under stress conditions. Figure 2
and 3 show the dissolution characteristics after storage under stress conditions for those
samples that exhibited satisfactory dissolution before storage. These results confirm the
small difference of in vitro dissolution profile between the eight inventive compositions:
Examples 1 to 8 exhibited quick dissolution over time (initially and after stress conditions
of 15 days at 40°C/75%RH). These results are assessed to be satisfactory. By contrast,
Figure 2 shows slow initial dissolution for Comparative Examples 3, 6 and 11 but relatively
fast initial dissolution for the remaining Comparative Examples 1, 2,4, 5,7, 8,9, and 10 .
However, all Comparative Examples 1, 2,4, 5, 7, 8,9, and 10 exhibited slow dissolution
after storage under stress conditions, as shown in Figure 4. These slow dissolution

characteristics are assessed to be non-satisfactory.
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Claims

1. Solid pharmaceutical composition in the form of a unit dose comprising Afabicin or a
pharmaceutically acceptable salt thereof and one or more pharmaceutically acceptable

excipients, characterized in that the composition contains a histidine compound.

2. Solid pharmaceutical composition according to claim 1, which comprises Afabicin or a

pharmaceutically acceptable salt thereof in an amount of from 20 mg to 480 mg.

3. Solid pharmaceutical composition according to claim 1 or 2, which contains histidine.

4. Solid pharmaceutical composition according to anyone of claims 1 to 3, which is in the
form of a tablet, the tablet preferably comprising an internal phase and an external
phase, wherein Afabicin or a pharmaceutically acceptable salt thereof is preferably

contained only in the internal phase.

5. Solid pharmaceutical composition according to claim 4, which contains the histidine

compound only in the internal phase.

6. Solid pharmaceutical composition according to anyone of claims 1 to 5, which contains
a binder selected from the group consisting of povidone, copovidone, poloxamer,
polyethylene glycol, magnesium aluminosilicate, gelatin, acacia, dextrin, dextrates,
dextrose, polydextrose, guar gum, hydrogenated vegetable oil, liquid glucose, wax,

maltose, sucrose, lactose, wax, and mixtures thereof.

7. Solid pharmaceutical composition according to anyone of claims 1 to 6, which contains
a diluent selected from the group consisting of mannitol, isomalt, lactose, calcium
phosphate, calcium carbonate, calcium sulfate, sucrose, fructose, maltose, xylitol,
maltitol, lactitol, trehalose, aluminum silicate, cyclodextrin, dextrose, polydextrose,

glucose, dextrin, dextrates, magnesium carbonate and mixtures thereof.

8. Solid pharmaceutical composition according to anyone of claims 1 to 7, which contains
a surfactant selected from the group consisting of sodium lauryl sulfate, poloxamers,
sodium docusate, sodium deoxycholate, sorbitan esters, sucrose esters of fatty acid,

tyloxapol, lecithin and polysorbate and mixtures thereof.
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9. Solid pharmaceutical composition according to anyone of claims 1 to 8, which contains
a disintegrant selected from the group consisting of crospovidone, magnesium

aluminosilicate, colloidal silicon dioxide, guar gumand mixtures thereof.

10. Solid pharmaceutical composition according to anyone of claims 1to3and 6to 9,
which is in the form of a capsule containing Afabicin or a pharmaceutically acceptable salt
thereof and one or more pharmaceutically acceptable excipients in the form of a powder

or granulate.

11. Method of manufacturing the solid composition according to any one of claims 1 to 9,
which comprises the following steps in the specified order:

(i) dry mixing some or all of the components of the composition;

(ii) granulating the resulting mixture to obtain a granulate;

(iii) admixing any remaining components of the composition to the granulate;

(iv) compression of the resulting mixture to obtain a compressed tablet; and

(v) optionally coating the resulting compressed tablet.

12. Method according to claim 11, wherein the granulation step is performed by wet

granulation or dry granulation.

13. Method according to claim 11 or 12, wherein at least one of the following conditions
is fulfilled:
(a)diluent is present and a part of the diluent is admixed to the granulate of step (ii);
(b)disintegrant is present and a part of the disintegrant is admixed to the granulate of
step (ii);
(c) glidant is present and a part of or all of the glidant is admixed to the granulate of
step (ii); and/or
(d) lubricant is present and a part of or all of the lubricant is admixed to the granulate

of step (ii).

14. Solid pharmaceutical composition according to anyone of claims 1 to 10 for use in a

method of treating bacterial infections in a mammal.

15. Solid pharmaceutical composition for use according to claim 14, wherein the mammal

is a human.
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16. Solid pharmaceutical composition for use according to item 14 or 15, wherein the
bacterial infection is caused by the bacterial species S. aureus, such infections being i.e.

acute bacterial skin and skin-structure infection (ABSSI) or bacterial infections associated

with diabetic foot syndrome.
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Figures

Figure 1

Comparative FaSSGF mean dissolution profiles at TO
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Comparative FaS5GF mean dissolution profiles at TO
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Comparative FaSSGF dissolution profiles after 15 days at 40°C/75%RH in open bottle
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Figure 4

Comparative FaSSGF dissolution profiles after 15 days at 40°C/75%RH in open bottle
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