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A combination of ensifentrine and glycopyrrolate useful for treating respiratory
disorders is described in WO 2014/140648 A.

The formulation of pharmaceutical compounds is complex and unpredictable. This is
particularly the case for liquid pharmaceutical compositions for administration by
inhalation. For instance, such inhalable liquid pharmaceutical compositions must be
sufficiently stable so that a suitably consistent dose is delivered during inhalation,
even after storage for a period of time. The difficulties associated with preparation of
an inhalable pharmaceutical composition are compounded when that composition
comprises two active agents, for instance as for the combination of ensifentrine and
glycopyrrolate. For such combination formulations, stability of both pharmaceutical

compounds must be controlled.

There is a need to develop a liquid pharmaceutical composition comprising
ensifentrine and glycopyrrolate in which both compounds are stable. It is also
desirable to prepare a liquid pharmaceutical composition which is suitable for

administration by inhalation.
SUMMARY-OFFHEINVENTHON

In one aspect of the present disclosure, there is provided a liquid pharmaceutical

composition suitable for administration by inhalation comprising:

() ensifentrine particles;

(i) glycopyrrolate; and

(i) a diluent, which diluent comprises water,

wherein:

the glycopyrrolate is dissolved in the diluent;

the concentration of glycopyrrolate is less than or equal to 5.0 mg/mL; and

the pH of the liquid pharmaceutical composition is from 3.0 to 6.0.




In another aspect of the present disclosure, there is provided a nebuliser comprising

a liguid pharmaceutical composition disclosed herein.

In a further aspect of the present disclosure, there is provided a liquid

pharmaceutical composition disclosed herein for use in the treatment of the human

or animal body.

In another aspect of the present disclosure, there is provided a use of a liquid

pharmaceutical composition disclosed herein in the manufacture of a medicament for

the treatment or prevention of a disease or condition selected from chronic

obstructive pulmonary disease (COPD), asthma, allergic asthma, hay fever, allerqgic

rhinitis, bronchitis, emphysema, bronchiectasis, adult respiratory distress syndrome

(ARDS), steroid resistant asthma, severe asthma, paediatric asthma, cystic fibrosis,

lung fibrosis, pulmonary fibrosis, interstitial lung disease, a skin disorder, atopic

dermatitis, psoriasis, ocular inflammation, cerebral ischaemia, an inflammatory

disease and an auto-immune disease.

It is a surprising finding of the present irventiondisclosure that a pharmaceutical
composition in which both ensifentrine and glycopyrrolate are stable can be
produced by formulating ensifentrine as a suspension of particles and glycopyrrolate
as a solution in an aqueous diluent at a low pH and in which the concentration of
glycopyrrolate is low relative to the concentration of ensifentrine. This specific
formulation in which ensifentrine is suspended and glycopyrrolate is dissolved has
been shown to be stable with respect to chemical degradation of both active agents

after storage for at least three months.



The ventionpresent disclosure accordingly provides a liquid pharmaceutical

composition suitable for administration by inhalation comprising: (i) ensifentrine
particles; (ii) glycopyrrolate; and (iii) a diluent, which diluent comprises water,
wherein: the glycopyrrolate is dissolved in the diluent; the concentration of
glycopyrrolate is less than or equal to 5.0 mg/mL; and the pH of the liquid
pharmaceutical composition is from 3.0 to 6.0.

The inventionpresent disclosure also provides a nebuliser comprising a liquid

pharmaceutical composition according to the inventionpresent disclosure.

Further provided by the inventienpresent disclosure is a liquid pharmaceutical

composition according to the irventionpresent disclosure for use in the treatment of

the human or animal body.
DETAILED DESCRIPTION OF THE INVENTION

The liquid pharmaceutical composition comprises glycopyrrolate. Glycopyrrolate is
typically present in the liquid pharmaceutical composition as a pharmaceutically
acceptable salt of glycopyrronium. Glycopyrrolate is typically the bromide salt,
glycopyrronium bromide, but other pharmaceutically acceptable salts of
glycopyrronium may be used, for instance glycopyrronium chloride. The

glycopyrrolate is preferably glycopyrronium bromide.

The glycopyrrolate is dissolved in the diluent. Accordingly, of the total mass of
glycopyrrolate present in the liquid pharmaceutical composition, at least some (for
instance at least 50% by weight) is dissolved in the diluent. Typically, substantially
all of the glycopyrrolate is dissolved in the diluent. For example, at least 99.0% by
weight of the glycopyrrolate may be dissolved in the diluent, relative to the total mass
of glycopyrrolate in the liquid pharmaceutical composition. The term “dissolved”
takes its normal meaning in the art, for instance that the glycopyrrolate is in solution

in the diluent and cannot be recovered by standard filtration.

The pharmaceutical composition is a liquid pharmaceutical composition and, as
such, is liquid under ambient conditions (for instance at temperatures from 10 to
40°C).



CLAIMS

1. A liquid pharmaceutical composition suitable for administration by inhalation
comprising:

() ensifentrine particles;

(i) glycopyrrolate; and

(i) adiluent, which diluent comprises water,
wherein:

I : : P clos i f . . ;

the glycopyrrolate is dissolved in the diluent;

the concentration of glycopyrrolate is less than or equal to 5.0 mg/mL; and

the pH of the liquid pharmaceutical composition is from 3.0 to 6.0.

2. A liquid pharmaceutical composition according to claim 1, wherein the pH of

the liquid pharmaceutical composition is from 3.5 to 5.0.

3. A liquid pharmaceutical composition according to claim 1 or claim 2, wherein
the liquid pharmaceutical composition further comprises a buffer, preferably wherein
the buffer is a citrate buffer.

4, A liquid pharmaceutical composition according to any one of claims 1 to 3,
wherein the concentration of the buffer is from 10.0 to 40.0 mg/mL, preferably from
20.0 to 30.0 mg/mL.

5. A liquid pharmaceutical composition according to any one of the preceding

claims, wherein the concentration of glycopyrrolate is from 0.01 mg/mL to 2.0
mg/mL, preferably from 0.02 mg/mL to 0.25 mg/mL.
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6. A liquid pharmaceutical composition according to any one of the preceding
claims, wherein the weight ratio ensifentrine:glycopyrrolate in the liquid

pharmaceutical composition is from 1:5 to 200:1, preferably from 15:1 to 120:1.

7. A liquid pharmaceutical composition according to any one of the preceding

claims, wherein the concentration of ensifentrine particles is from 0.1 to 5.0 mg/mL,

preferably from 0.15 to 2.5 mg/mL.

8. A liquid pharmaceutical composition according to any one of the preceding

claims, wherein the ensifentrine particles have a Dv50 of from 0.5 to 5.0 pm.

9. A liquid pharmaceutical composition according to any one of the preceding
claims, wherein the glycopyrrolate is a pharmaceutically acceptable salt of
glycopyrronium,

preferably wherein the glycopyrrolate is glycopyrronium bromide or
glycopyrronium chloride,

more preferably wherein the glycopyrrolate is glycopyrronium bromide.

10. A liquid pharmaceutical composition according to any one of the preceding
claims, wherein the diluent is water and the liquid pharmaceutical composition
comprises at least 80 % by weight of the diluent based on the total weight of the

liquid pharmaceutical composition.
11. Aliquid pharmaceutical composition according to any one of the preceding

claims, wherein the liquid pharmaceutical composition further comprises a tonicity

adjuster, preferably wherein the tonicity adjuster is sodium chloride.
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12.  Aliquid pharmaceutical composition according to claim 11, wherein the
concentration of the tonicity adjuster is greater than or equal to 1.0 mg/mL,

preferably from 4.0 to 20.0 mg/mL, more preferably from 6.0 to 12.0 mg/mL.

13.  Aliquid pharmaceutical composition according to any one of the preceding
claims, wherein the liquid pharmaceutical composition further comprises one or more
surfactants, preferably wherein the one or more surfactants are selected from a

polysorbate and a sorbitan alkyl ester.

14.  Aliquid pharmaceutical composition according to claim 13, wherein the total
concentration of the one or more surfactants is from 0.01 to 2.0 mg/mL, preferably

from 0.1 to 1.0 mg/mL.

15. A liquid pharmaceutical composition according to any one of the preceding
claims, wherein the liquid pharmaceutical composition comprises:

0] ensifentrine particles;

(i) glycopyrrolate;

(i) the diluent;

(iv)  a polysorbate surfactant;

(V) optionally a sorbitan alkyl ester surfactant;

(vi)  a citrate buffer; and

(vii)  sodium chloride.

16.  Aliquid pharmaceutical composition according to any one of the preceding
claims, wherein the liquid pharmaceutical composition comprises:

() from 0.1 to 2.5 mg/mL ensifentrine particles, optionally from 0.5 to 2.5
mg/mL ensifentrine patrticles;

(i) from 0.01 mg/mL to 2.0 mg/mL glycopyrronium bromide;
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(i)  water;

(iv)  from 0.1 to 1.0 mg/mL polysorbate 20;

(V) optionally from 0.01 to 0.1 mg/mL sorbitan monolaurate;
(vi)  from 5.0 to 15.0 mg/mL citric acid;

(vii)  from 10.0 to 20.0 mg/mL trisodium citrate; and

(viii)  from 5.0 to 15.0 mg/mL sodium chloride.

17.  Aliquid pharmaceutical composition according to any one of the preceding
claims, which liquid pharmaceutical composition is stable with respect to chemical
degradation of ensifentrine and glycopyrrolate for at least 1 month when stored at a

temperature of 25°C and a relative humidity of 60 %.

18. A liquid pharmaceutical composition according to any one of the preceding
claims, which liquid pharmaceutical composition is suitable for administration by a

nebuliser.

19. A nebuliser comprising a liquid pharmaceutical composition according to any
one of the preceding claims.

20.  Aliquid pharmaceutical composition according to any one of claims 1 to 18 for

use in the treatment of the human or animal body.

21. Use of aA liquid pharmaceutical composition according to any one of claims 1

to 18 feruse-in the manufacture of a medicament for the treatment or prevention of a

disease or condition selected from chronic obstructive pulmonary disease (COPD),
asthma, allergic asthma, hay fever, allergic rhinitis, bronchitis, emphysema,
bronchiectasis, adult respiratory distress syndrome (ARDS), steroid resistant

asthma, severe asthma, paediatric asthma, cystic fibrosis, lung fibrosis, pulmonary
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fibrosis, interstitial lung disease, a skin disorder, atopic dermatitis, psoriasis, ocular
inflammation, cerebral ischaemia, an inflammatory disease and an auto-immune

disease.

22. TheAliguid-pharmaceutical-compesitionfor use according to claim 21 wherein
the disease or condition is chronic obstructive pulmonary disease (COPD).
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