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SUPERINTENDENCIA DE INDUSTRIA' Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. S. D.

Re:  Expediente No. 16.171-797
Solicitud de patente a nombre de CHIESI FARMACEUTICI S.P.A.

Yo, CAROLINA DAZA MONTALVO identificada como aparece al pie de mi firma,
domiciliada en la Carrera 11 No. 86-53, obrando como apoderada de la sociedad
CHIESI FARMACEUTICI S.P.A., domiciliada en Parma, Italia, solicitante de la
patente de la referencia, en respuesta al oficio No. 4265 notificado el 12 de abril de
2018, relacionado con concepto técnico de fondo, y para el cual solicité

oportunamente prorroga el 05 de julio de 2018, atentamente me permito manifestar:

1. Modificacion a las Reivindicaciones

Con fundamento en la facultad que confiere el articulo 34 de la Decision 486 al
solicitante para modificar la solicitud de patente en cualquier momento del tramite,
presento junto con este memorial nuevo capitulo reivindicatorio, el cual consta de 3
reivindicaciones y reemplaza completamente el capitulo presentado anteriormente.

En el nuevo capitulo reivindicatorio se realizaron las siguientes modificaciones:

1.1 Se reemplaz6 la expresion “dosificacion” con  “concentracion” en la nueva

reivindicacién 1.

1.2 No se incluye la anterior reivindicacion 4.

En cuanto a estas modificaciones, me permito decir que las mismas no amplian de
ninguna manera la materia objeto de la presente solicitud y se realizaron con el animo
de superar las objeciones de claridad planteadas por el examinador en su concepto

técnico.
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2. Pago de tasas

En relacién con el numero de reivindicaciones, atentamente nos permitimos decir que
no se adjunta tasa por reivindicaciones adicionales, toda vez que el nuevo capitulo
reivindicatorio tiene un menor nimero de clausulas que el originalmente presentado

y es en esencia el mismo objeto pero mas limitado y definido con mayor claridad.

3. Claridad y concision de las reivindicaciones

El solicitante manifiesta que mediante la presentacion del nuevo capitulo
reivindicatorio quedan subsanadas la totalidad de las objeciones, de modo tal que las
nuevas reivindicaciones proporcionan claridad y concisiéon a la invencién descrita,

siguiendo las recomendaciones realizadas por el examinador en su concepto técnico.

En particular, teniendo en cuenta las modificaciones introducidas a la reivindicacion
1, puede establecerse que la composicion se encuentra claramente definida por sus

componentes y proporciones, sin incluir la expresion “dosificacion”.

De otro lado, no se incluye la anterior reivindicacion 4, superando la objecion

formulada para ésta.

En consecuencia, nos permitimos indicar que el presente capitulo reivindicatorio, que

incluye 3 reivindicaciones, se ajusta a las disposiciones del articulo 30 de la Decision
486/00.

4. Nivel inventivo

El examinador establece en su concepto técnico la falta de nivel inventivo de las

anteriores reivindicaciones 1 a 4, la luz de las ensefianzas técnicas descritas en el

documento WO2011076843 (D2).

A este respecto, me permito indicar que el Articulo 18 de la Decision 486 establece:
“Se considerard que nuna invencion tiene nivel inventivo, si para una persona del oficio normalmente
versada en la materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica” .
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Lo anterior significa que el analisis de nivel inventivo NO es una comparacion de los
objetos de las anterioridades y la solicitud en estudio. El analisis de nivel inventivo

debe demostrar la obviedad de la invencién y establecer como ésta no contiene un

salto cualitativo, que demuestre su altura inventiva, teniendo en cuenta que se hace

necesario demostrar que la invencién analizada carece de nivel inventivo y hubiese

sido obvia para una persona versada en la materia.

Considerando la anterior definicion, es deseo del solicitante sefalar que la presente
invencion es inventiva a la luz del documento D2, como se demostrara a

continuacion:

D2 ensena la estabilizacion de una formulacién en solucién que comprende
formoterol y bromuro de glicopirronio mediante la adiciéon de una cantidad bien
seleccionada de un acido (y en particular acido clorhidrico 1M) y una posible
mejora adicional de esta estabilizacion por compresion al vacio (es decir,

eliminando oxigeno del producto antes de sellar el contenedor con la valvula).

Con la presente invencién se provee la solucion a un problema técnico diferente, es
decir, la minimizacién o prevencion/eliminacion de la formacion de un

producto especifico que se produce por la interaccién de la combinaciéon de

formoterol v bromuro de glicopirronio, en una formulacién de solucién de HFA

presurizada, cuando se almacena en latas de aerosol provistas con vdlvulas
convencionales que tienen juntas de caucho de EPDM, y que se ha detectado
previamente como DP3 (producto de degradaciéon 3) y luego identificado por el
solicitante como N-(3-bromo)-|2-hidroxi-5-[1-hidroxi-2-[1-(4-metoxifenil)propan-2-
tlaminoetil[fenil|formamida (véanse los detalles analiticos en la seccién experimental de

la solicitud).

En los datos comparativos reportados en la Descripcion, sumados a los presentados
en respuesta al primer Oficio de Fondo No. 17998, se muestra con hechos que las

composiciones que obtuvieron los mejores resultados con respecto a:

(a) el mayor contenido de ingredientes activos,
(b) el menor contenido de productos de degradacion, y
(c) lIa no formaciéon del producto de degradacion especifico 3 (DP3 - ahora

quimicamente definido)

www.clarkemodet.com

ESPANA - PORTUGAL - ARGENTINA - BRASIL - CHILE - COLOMBIA - MEXICO - PERU - URUGUAY - VENEZUELA



se logr6 cuando la composicion se almacené en latas de aerosol con una

valvula dosificadora que tenia una junta de caucho de butilo, en comparacién

con una composicion idéntica almacenada en latas de aerosol con una valvula

dosificadora con junta de caucho de EPDM. Esto no es sugerido por el

documento del arte previo.

El problema resuelto por la presente invencion no es la solucién de un mero problema

de estabilidad, sino que evita/excluye la formaciéon de un producto especifico

derivado de la interaccién de formoterol y bromuro de glicopirronio cuando se

disuelve en un sistema de etanol HFA, en presencia de acido (v en particular HCl 1M).

Esto no era conocido en el arte previo y, por ende, tampoco habia sido resuelto.

También se desea resaltar que la novedad y el nivel inventivo para la solicitud
equivalente han sido reconocidos por la Oficina Europea de Patentes (oficina con la
cual se tiene actualmente firmado un acuerdo de PPH, es decir que se reconoce la
validez de los resultados del examen de patentabilidad), mediante la concesion de la
patente europea correspondiente al No. EP 3 096 737 B1, de la cual se adjunta una
copia para mejor referencia del examinador. El alcance de esta patente es mayor que

el de la presente solicitud.

A continuacién, se provee datos adicionales, resaltados en verde, en donde se
demuestra que para la mayoria de las formulaciones estables de D2 preparadas con la
etapa adicional de prensado al vacio (para eliminar el oxigeno), se obtuvo la formacién

del compuesto DP3 no deseado:
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?:rl:l:urﬂ:ieén} BDP |FF GLY i,mnl;“d:;m; DP3 DP3
05 % 5nhr.g h {% Sﬂ].'ll"E-' l.l
P (Yode |(%de [(%0de - (
rens e e [ gfﬁg::ll::zlﬂl composicién total) | composicién total)
¥t 'ﬂ) ¥s t'“} ¥st “} e o dBE]]'I.lBE de 3 df-'s]“.lﬂs de 6
posicion meses de meses de
total) almacenamiento | almacenamiento
1N 101.2 | 894 98.5 3.5
2N 99.6 89.0 97.5 2.5
IN 98.8 893 96.7 1.9
4N 100.8 | 92.5 98.9 1.7
SN 100.8 101.9 993 1.6
6N 99.8 89.6 96.8 1.4 0.4 1,0
TN 101.0 | 98.5 98.6 1.4, 0.6 1.9
8N 100.5 |92.2 97.7 7.8 6.6 8.9
(DP3 6.62%)
5V 102.1 104 .8 100.6 1.7
6V 101.8 | 998 98.2 12
TV 102.7 | 99.7 08.7 0.9 .. 0.3
LAY 104.6 1013 100.2 1.0 0.3 1.4
oV 989 823 97.1 10.4
(DP3 >6%)

Este resultado es inesperado y superior sobre D2, demostrando el nivel inventivo de

la presente solicitud sobre el estado de la técnica.

En consecuencia, las nuevas reivindicaciones 1 a 3 cumplen con el requisito de nivel

inventivo segun los lineamientos del articulo 18 de la Decisién 486 /00.
5. Conclusion

Con las modificaciones introducidas y los argumentos presentados puede concluirse

que:

) La presente solicitud es clara, concisa y esta debidamente soportada en la

descripcion, cumpliendo con los requerimientos del Articulo 30 de la
Decisién 486/00;
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1i) Las reivindicaciones actuales son patentables sobre D2, segun ha
reconocido la Oficina Europea de Patentes bajo el No. EP 3 096 737 B1,
cumpliendo asi con los requerimientos de los Articulos 16 y 18 de la
Decision 486.

En consecuencia, se solicita atentamente otorgar el privilegio de patente solicitado,

toda vez que esta solicitud cumple con los requerimientos de la Decision 486.

Habiendo atendido cabalmente las objeciones presentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencioén a la solicitud
en estudio o si el sefior examinador considera que subsisten razones para objetar la
presente invencion, rogamos expedir otro examen de fondo con los debidos motivos
y razones que sustenten su objeciéon con el fin de que nuestro mandante tenga la
posibilidad de exponer sus argumentos con base en la interpretacion de los articulos
45 de la Decision 486 -el cual otorga la facultad al examinador para emitir los
examenes de fondo- y 42 del Cédigo de Procedimiento Administrativo y de lo
Contencioso Administrativo que sefala que: “Habiéndose dado oportunidad a los interesados
para expresar sus opiniones, y con base en las pruebas e informes disponibles, se tomard la decision,
que serd motivada. 1a decision resolverd todas las peticiones que hayan sido oportunamente
planteadas dentro de la actuacion por el peticionario y por los terceros reconocidos”, (el subrayado

es nuestro).
En consecuencia, solicitamos a ese Despacho pronunciarse en relacion con todos los

argumentos presentados en este memorial dando estricta aplicacion al principio del

debido proceso consagrado en el articulo 29 de la Constituciéon Nacional.
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6. Anexos

- Nuevo capitulo reivindicatorio que incluye 3 reivindicaciones.

- Copia de la patente europea correspondiente al No. EP 3 096 737 B1.

Senor Director,

\. r\ ‘! " [ € Jl
(g 040 15\4\
OLINA DAZA ALVO
C.C. 66.783.790 de Palmira Valle
TP-141563 CSJ

notificaciones@clarkemodet.com.co
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P-11829
Retvindicaciones modificadas

09/07/2018

REIVINDICACIONES

1. Una composicion farmacéutica en solucion para aerosol para utilizar en un
inhalador presurizado de dosis medida que comprende:

(a) bromuro de glicopirronio a una concentracién en el rango entre 5 y 26 ug por
actuacion;

(b) fumarato de formoterol, o un solvato de dicha sal, a una concentracion en el
rango entre 1 y 25 pg por actuacion;

(c) un corticosteroide para inhalaciéon seleccionado entre dipropionato de
beclometasona y budesonida, ambos en el rango entre 50 y 250 pg por actuacion,

(d) un propelente de HFA,

(e) etanol en una concentracion de 10 a 15%;

(f) una cantidad estabilizante de un acido mineral equivalente a acido clorhidrico
1M en el rango entre 0,15y 0,28 ug/ul,
dicha composiciéon esta contenida en un envase de aerosol provisto de una valvula
dosificadora que tiene por lo menos una junta de caucho butilico.

2. Una composicién farmacéutica en solucién para aerosol de acuerdo con la
reivindicaciéon 1 en donde el acido mineral es una cantidad de 4cido equivalente a 0,22
ug/ul de acido clorhidrico 1M.

3. Una composicién farmacéutica en solucion para aerosol de acuerdo con la
reivindicaciéon 1 en donde la forma solvato de la sal de formoterol es fumarato de

formoterol dihidrato.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an aerosol solution composition intended for use with a pressurised metered
dose inhaler (pMDI), comprising glycopyrronium bromide and formoterol, or a salt thereof or a solvate of said salt,
optionally in combination with an inhalation corticosteroid (ICS), stabilised by a selected amount of a mineral acid, the
said composition being contained in an aerosol can provided with a metering valve having at least a butyl rubber gasket.
[0002] More in particular, the said invention provides for the above pMDI compositions that, when stored in an aerosol
can provided with the aforementioned metering valve for a prolonged period of time under severe conditions of temper-
ature and relative humidity (RH), showed an amount of degradation products, particularly of N-(3-bromo)-[2-hydroxy-
5-[1-hydroxy-2-[1-(4-methoxyphenyl)propan-2-ylamino]ethyl]phenyllformamide well below the limit of quantification (i.e.
lower than 0.10% w/w with respect to the theoretical formoterol fumarate content of 6 pg/actuation).

[0003] The invention further relates to such stable aerosol solution compositions for use in the prevention and therapy
of airway diseases, particularly of obstructive respiratory disorders such as asthma and COPD.

BACKGROUND OF THE INVENTION

[0004] Glycopyrronium bromide (also known as glycopyrrolate) is a muscarinic M3 anticholinergic agent used to reduce
salivation associated with administration of certain anaesthetics, and as adjunctive therapy for peptic ulcers. It has also
been reported to be effective in the treatment of asthmatic symptoms (Hansel et al., Chest 2005; 128:1974-1979).
[0005] WO 2005/107873 relates to the use of glycopyrrolate for the treatment of childhood asthma.

[0006] WO 01/76575 discloses a controlled release formulation for pulmonary delivery of glycopyrrolate. The formu-
lation is intended for use in the treatment of respiratory diseases, in particular of chronic obstructive pulmonary disease
(COPD). The patent application focuses, essentially, on dry powder formulations suitable for delivery by means of a dry
powder inhaler (DP1).

[0007] WO 2005/074918 discloses combinations of glycopyrrolate with glucocorticoid drugs and their use for treating
diseases of the respiratory tract.

[0008] WO 2005/110402 refers to combinations of glycopyrrolate with a beta-2 agonist of the class of indane or of
benzothiazole-2-one derivatives for the treatment of inflammatory or of obstructive airway diseases.

[0009] WO 2006/105401 refers to combinations of an anticholinergic, a corticosteroid and a long-acting beta-2 agonist
for the prevention and treatment of respiratory, inflammatory or obstructive airway diseases; glycopyrrolate is among
the optional anticholinergic agents.

[0010] According to WO 2007/057223 and WO 2007/057222, combinations of glycopyrronium bromide with an anti-
inflammatory steroid, particularly mometasone furoate, are reported to provide a therapeutic benefit in the treatment of
inflammatory and obstructive airways diseases.

[0011] WO 2007/057221 and WO 2007/057219 respectively refer to combinations of a glycopyrronium salt with an
indanyl derivative beta-2 agonist (or analogue) or with an anti-inflammatory steroid, particularly mometasone furoate.
[0012] WO 00/07567 discloses, in example 4, a suspension aerosol formulation wherein to a mixture of micronized
actives, namely formoterol fumarate, glycopyrronium bromide and disodium cromoglycate, a propellant mixture of HFA
and dinitrogen monoxide, together with 2% by weight of ethanol, are added.

[0013] The "Martindale. The complete drug reference", Jan. 2002, monograph on glycopyrronium bromide (page 467)
shows that in investigations on compatibility of this substance with aqueous infusion solutions for injections and additives,
the stability of glycopyrronium bromide is questionable above a pH 6, owing to ester hydrolysis.

[0014] US 2002/025299 discloses pressurised aerosol solution formulations of different active ingredients among
which is formoterol or its combinations with beclometasone dipropionate, further acidified by HCI and stored in given
cans such as stainless steel or anodised aluminium, or even lined with an inert organic coating.

[0015] WO 2005/074900 disclosing an inhalable combination of an anticholinergic agent with a beta-2 mimetic agent
for the treatment of inflammatory or obstructive respiratory diseases, in the examples shows formulations of the R,R-
enantiomer of glycopyrronium bromide in combination with formoterol, either as DPI formulation or pMDI suspension.
[0016] US 2006/0257324 discloses the delivery of a combination of two or more dissolved drugs in a HFA propellant-
cosolvent system, substantially having the same particle size distribution and thus allowing for their co-deposition in the
same lung region tract. These formulations comprise a beta-2 agonist (formoterol or carmoterol being exemplified) and
a corticosteroid (beclometasone dipropionate being exemplified), or an anticholinegic agent such as ipratropium, oxitro-
pium, tiotropium or glycopyrronium bromide, these latter being only generically cited in the description.

[0017] Formoterol is a beta-2 adrenergic agonist drug capable of relaxing smooth muscle in the bronchi and opening
the airways to reduce wheezing conditions. It is commonly used in the management of asthma and other respiratory
conditions.
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[0018] Recently, an effective combination therapy comprising formoterol fumarate and beclometasone dipropionate
(BDP) has become available under the trade-name Foster®. Said product is designed to be delivered to the lungs through
a variety of aerosol means also including pressurised metered dose inhalers (pMDI).

In this respect, it is known that aerosol solutions of formoterol fumarate are relatively unstable and have a short shelf-
life when stored under suboptimal conditions. To obviate to this drawback, Foster® composition has been properly
developed by incorporating a suitable amount of inorganic acid in order to stabilize the formoterol component ata selected
apparent pH range, for instance as described in EP 1157689.

[0019] In WO 2011/076843 the applicant further disclosed pMDI aerosol solution formulations comprising glycopyt-
ronium bromide in combination with formoterol or salts thereof, optionally including an inhalation corticosteroid such as
BDP, wherein a suitable amount of a mineral acid was added, in particular 1M HCI in the range of 0.1-0.3 pg/pl, so that
both formoterol and glycopyrronium bromide components were properly stabilized. In addition, the above compositions
enabled to maintain the amount of a degradation product, therein referred to as DP3, to low levels.

[0020] However, when using relatively high amounts of acid as a stabilizing adjuvant to both formoterol and glycop-
yrronium components, the amount of DP3 being detected upon storage for 3 months at 25°C and 60% of relative humidity
(RH), were indeed remarkable.

[0021] Therefore, as disclosed in WO 2011/076843, a further step comprising removal of oxygen from the aerosol
canister headspace, for instance by incorporating an oxygen purging step through vacuum crimping in the process of
filling the aerosol canister, may be thus required so as to lower DP3 content.

[0022] During the formulation development of such combinations, the degradation product DP3 was then identified
as being N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphenyl)propan-2-ylaminc]ethyl] phenyllformamide (see
analytical details in the experimental section).

[0023] As the formation of this degradation product, when it is quantified significantly above the identification/qualifi-
cation threshold (>1.0% w/w with respect to the theoretical formoterol fumarate content of 6 pg/actuation [as defined in
ICH Guideline Q3B(R2)]) may represent a potential issue for these pMDI combination formulations, means for lowering
DP3 content below an acceptable threshold, other than those known, involving oxygen removal and requiring a dedicated
purging step in the filling of the aerosol canister during manufacturing, could be particularly advantageous.

[0024] As such, itwould be thus desirable to provide a clinically useful aerosol combination product that combines the
therapeutic benefits of formoterol or salts thereof or a solvate of said salt and glycopyrronium bromide, optionally in
conjunction with additional active ingredients such as inhalation corticosteroids, in particular beclometasone dipropionate
or budesonide, so that each individual pharmaceutically active component is properly delivered to the lungs in effective
and consistent doses over an extended product lifetime, and ideally without the need for particular storage conditions
of temperature or humidity, that could be otherwise required to maintain low levels of degradation products such as DP3.
[0025] We have now unexpectedly found that the above formulation combinations, once suitably stored in an aerosol
can provided with a metering valve having at least a butyl rubber gasket which may be selected from a chlorobutyl or
bromobutyl rubber gasket and in particular with a metering valve wherein all the gaskets are made with a butyl rubber
enable to minimize the amounts of degradation products during their shelf-life, particularly of DP3 even below the
detection threshold as determined after storage under severe conditions of temperature and humidity.

SUMMARY OF THE INVENTION

[0026] The present invention thus provides for a pharmaceutical aerosol solution composition intended for use in a
pressurised metered dose inhaler comprising:

(a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;

(b) formoterol, or a salt thereof or a solvate of said salt, at a dosage in the range of from 1 to 25 pg per actuation;
(c) a HFA propellant;

(d) a co-solvent;

(e) a stabilising amount of a mineral acid;

said composition being contained in an aerosol can provided with a metering valve having at least a butyl rubber gasket.
[0027] According to the present invention, the amount of the degradation product N-(3-bromo)-[2-hydroxy-5-[1-hy-
droxy-2-[1-{(4-methoxyphenyl) propan-2-ylaming]ethyl]phenyllformamide, hereinafter shortly referred to as DP3, is lower
than 0.10% w/w with respect to the theoretical formoterol fumarate content of 6 pg/actuation, which is the limit of
quantification, when stored in accelerated conditions at 25°C and 60% relative humidity (RH) for at least 6 months.
[0028] Optionally, the compaosition further comprises an inhalation corticosteroid selected from the group consisting
of beclometasone dipropionate, mometasone furoate, budesonide, flunisolide, fluticasone propionate, fluticasone furo-
ate, ciclesonide, triamcinolone, triamcinclone acetonide, methylprednisolone and prednisone.

[0029] In another aspect, the invention provides an aerosol can provided with a metering valve having at least a butyl
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rubber gasket for use with a pharmaceutical aerosol solution composition intended for use in a pressurised metered
dose inhaler comprising:

a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;

b) formoterol, or a salt thereof or a solvate of said salt at a dosage in the range of from 1 to 25 pg per actuation;
¢) a HFA propellant;

d) a co-solvent;

e) a stabilising amount of a mineral acid; and, optionally,

f) an inhalation corticosteroid.

o~~~

[0030] In yet another aspect the invention provides a method to lower the amount of degradation product N-(3-bro-
mo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphenyl) propan-2-ylamino]ethyl] phenyllformamide (DP3) during the shelf-
life of a pharmaceutical aerosol solution compasition intended for use in a pressurised metered dose inhaler comprising:

a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;
b) formoterol, or a salt thereof or a solvate of said salt at a dosage in the range of from 1 to 25 pg per actuation;
¢) a HFA propellant;
d) a co-solvent;

e) a stabilising amount of a mineral acid; and, optionally,

f) an inhalation corticosteroid

o~~~

said method comprising containing the above composition in an aerosol can provided with a metering valve having at
least a butyl rubber gasket.

[0031] In yet another aspect the invention provides the use of an aerosol can provided with a metering valve having
at least a butyl rubber gasket, as a container for a pharmaceutical aerosol solution composition intended for use in a
pressurised metered dose inhaler comprising:

a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;

b) formoterol, or a salt thereof or a solvate of said salt at a dosage in the range of from 1 to 25 pg per actuation;
¢) a HFA propellant;

d) a co-solvent;

e) a stabilising amount of a mineral acid; and, optionally,

f) an inhalation corticosteroid.

o~~~

[0032] In afurther aspect the invention provides an aerosol composition as above described for use in the prevention
and/or treatment of an obstructive respiratory disorder, including asthma and COPD.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] It has been found unexpectedly that in a pharmaceutical aerosol solution composition intended for use in a
pressurised metered dose inhaler comprising:

(a) glycopyrronium bromide at a dosage in the range from 5 to 26 pg per actuation;

(b) formoterol, or a salt thereof or a solvate of said salt at a dosage in the range from 1 to 25 pg per actuation;

(c) a HFA propellant;

(d) a co-solvent;

(e) a stabilising amount of a mineral acid; and, optionally,

(f) an inhalation corticosteroid.

by the use of a metal aerosol can provided with a specific metering valve having at least a butyl rubber gasket it is
maintained lower than 0.10% w/w, which is the limit of quantification (with respect to the theoretical formoterol fumarate
content of 6 pg/actuation), the level of the degradation product N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxy-
phenyl) propan-2-ylamino]ethyllphenyllformamide, formed by interaction of formotercl and glycopyrronium bromide,
when the composition is stored in accelerated conditions at 25°C and 60% relative humidity (RH) for at least 6 maonths,
independently from the can type used.

[0034] The pressurised aerosol solution composition of the present combination manufactured with a can provided
with this specific metering valve, after storage for 6 months at 25°C and 60% RH, in addition to the degradation product
DP3 level lower than the limit of qualification of 0.10% w/w (with respect to the theoretical formoterol fumarate content
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of 6p.g/actuation) showed an overall formoterol degradation products level within acceptable limits lower than 10% w/w
(with respect to the theoretical formoterol fumarate content of 6p.g/actuation), preferably lower than 3% w/w and most
preferably lower than 2% w/w and the maintenance of the residual level of formoterol fumarate, the most instable
component of the composition, higher than 90% wi/w, preferably higher than 92% and most preferably higher than 95%
w/w with respect to its initial content.

[0035] Glycopyrronium bromide and the optional inhalation corticostercid levels were maintained almost the same as
the respective initial levels.

[0036] Other kinds of valves available in the market were not able to keep strictly under control the formation of said
specific degradation product and the relevant chemical stability profile of the components of said combination.

[0037] Glycopyrronium bromide, chemically defined as 3-[(cyclopentylhydroxyphenylacetyl)oxy]-1,1-dimethylpyrrolid-
inium bromide, has two chiral centres corresponding to four potential different stereoisomers with configurations (3R,2'R)-,
(3S,2’R)-, (3R,2’S)-and (3S,2’S)-. Glycapyrronium bromide in the form of any of these pure enantiomers or diastereomers
or any combination thereof may be used in practising the present invention. In one embodiment of the invention the
(3S,2'R), (3R,2'S)-3-[(cyclopentylhydroxyphenylacetyl)oxy]-1, 1-dimethylpyrrolidinium bromide racemic mixture, defined
as the threo mixture, also known as glycopyrrolate, is preferred. Glycopyrronium bromide is present in the formulation
in an amount in the range from 0.005 to 0.14% (w/w), preferably from 0.008 to 0.090% (w/w), more preferably from 0.01
to 0.045% (w/w), wherein % (w/w) means the amount by weight of the component, expressed as percent with respect
to the total weight of the composition.

[0038] Glycopyrrolate is commercially available, and can be synthesized according to the process described in US
2,956,062 or in Franko BV and Lunsford CD, J Med Pharm Chem 2(5), 523-540, 1960.

[0039] Formoterol, normally used in therapy as the racemic mixture (R,R), (S,S) is chemically defined as
(*),(R*,R*)-N-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphenyl)propan-2-ylamino]ethyl]phenylJformamide, can be in the
form of the free base, or as a salt or a solvate thereof. Preferably the formoterol is provided in the form of its fumarate
salt and more preferably the solvate form of the formoterol salt is formoterol fumarate dihydrate. Formoterol fumarate
can, for instance, be employed in the formulation in an amount of 0.002-0.08% w/w, preferably 0.005-0.02% w/w.
[0040] It is preferred that the pharmaceutically active components of the composition are completely and homogene-
ously dissolved in the mixture of propellant and co-sclvent, i.e. the composition is preferably a solution formulation.
[0041] Being the present invention, referred to a solution formulation wherein the active ingredients are completely
dissolved in the formulation, when the description generically cites formoterol fumarate, both the forms of formoterol
fumarate and formoterol fumarate dihydrate, which is its solvate form available in the market, are intended.

[0042] The co-solventincorporated into the formulations of the invention has a higher polarity than that of the propellant
and may include one or more substances such as a pharmaceutically acceptable alcohol or polyol in an amount capable
to solubilise the pharmaceutically active components of the composition (formoterol fumarate, glycopyrronium bromide
and optionally an inhalation corticosteroid) in the propellant.

[0043] Advantageously the alcohol co-solvent is selected from the group of lower branched or linear alkyl (C4-C,)
alcohols such as ethanol and isopropyl alcohol. Preferably the co-solvent is ethanol.

[0044] Advantageously the polyol cosolvent is selected from glycerol, propylene glycol or polyethylene glycol.
[0045] The concentration of the co-solvent will vary depending on the final concentration of the active ingredient in
the formulation and on the type of propellant. For example ethanol may be used in a concentration comprised in the
range from 5 to 30% (w/w), preferably from 8 to 25% (w/w), more preferably from 10 to 15% (w/w). In one of the preferred
embodiments the concentration of ethanol is about 12% (w/w).

[0046] The propellant component of the composition may be any pressure-liquefied propellant and is preferably a
hydrofluoroalkane (HFA) or a mixture of different HFAs, more preferably selected from the group consisting of HFA 134a
(1,1,1,2-tetrafluorcethane), HFA 227 (1,1,1,2,3,3,3-heptafluoropropane), and mixtures thereof. The preferred HFA is
HFA 134a. HFAs may be present in the composition in an amount in the range from 70 to 95% (w/w), preferably from
85 to 90% (wiw).

[0047] The ratio of propellant to co-solvent in the composition is in the range from 70:30 to 95:5 (w/w).

[0048] The stabilising amount of a mineral acid, sufficient to stabilise glycopyrranium bromide and formoterol, is an
amount of acid equivalent to 1M hydrochloric acid (HCI) in the range from 0.1 to 0.3 pg/pl of formulation, preferably from
0.15 to 0.28 pg/pl, more preferably from 0.18 to 0.26 pg/ul, and in particular 0.22.g/u! of formulation.

[0049] HCI of different molarity or alternative inorganic acids (mineral acids) may substitute for 1M HCI in the compo-
sition ofthe invention. Forinstance, using an acid at a concentration differentfrom 1M HCI, itsamount must be proportioned
with respect to the concentration, according to calculation steps known to the skilled person.

[0050] Alternative acids may be any pharmaceutically acceptable monoprotic or polyprotic acid, such as (but not limited
to): hydrogen halides (hydrochloric acid, hydrobromic acid, hydroiodic acid etc.) phosphoric acid, nitric acid, sulphuric
acid, and halogen oxoacids.

[0051] Optionally the aerosol solution composition may comprise other pharmaceutical excipients or additives known
in the art. In particular, the compositions of the invention may comprise one or more low volatility components. Low
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volatility components are useful in order to increase the mass median aerodynamic diameter (MMAD) of the aerosol
particles upon actuation of the inhaler and/or to improve the solubility of the active ingredient in the propellant/co-solvent
mixture.

[0052] The low volatility component, when present, has a vapour pressure at 25°C lower than 0.1 kPa, preferably
lower than 0.05 kPa. Examples of low-valatility components are esters such as isopropyl myristate, ascorbyl myristate,
tocopherol esters; glycols such as propylene glycol, polyethylene glycol, glycerol; and surface active agents such as
saturated organic carboxylic acids (e.g. lauric, myristic, stearic acid) or unsaturated carboxylic acids (e.g. oleic or ascorbic
acid).

[0053] The amount of low volatility component may vary from 0.1 to 10% w/w, preferably from 0.5 to 5% (w/w), more
preferably between 1 and 2% (w/w).

[0054] Inanother embodiment an amount of water comprised between 0.005 and 0.3% (w/w) may optionally be added
to the compositions in order to favourably affect the solubility of the active ingredient without increasing the MMAD of
the aerosol droplets upon actuation.

[0055] Advantageously, the compositions of the invention are free of excipients (such as surfactants) other than co-
solvent, propellant and a stabilizing amount of an acid.

[0056] The pharmaceutical compositions ofthe invention may further comprise one or more additional pharmaceutically
active agent for separate, sequential or simultaneous use. The one or more additional pharmaceutically active agent of
the composition include any active ingredient known in the art for prophylaxis or treatment of respiratory diseases and
their symptoms. Examples of one or more additional pharmaceutically active agentare selected from the following classes:

beta-2 agonist, selected from the group of salbutamol, fenoterol, carmoterol (TA-2005; CHF 4226), indacaterol,
milveterol, vilanterol (GSK 642444), olodaterol, abediterol, terbultaline, salmeterol, bitolterol, metaproterenol and a
salt thereof, optionally in form of a single stereocisomer or of a mixture thereof;

inhalation corticosteroid, selected from the group of beclometasone dipropionate, budesonide or its 22R-epimer,
ciclesonide, flunisolide, fluticasone propionate, fluticasone furoate, mometasone furoate, butixocort, triamcinolone
acetonide, triamcinolone, methylprednisolone, prednisone, loteprednol and rofleponide;

anti-muscarinic drug selected from methscopolamine, ipratropium, oxitropium, trospium, tiotropium, aclidinium and
umeclidinium as bromide salt or a salt with any other pharmaceutically acceptable counter ion;
phosphodiesterase-4 (PDE-4) inhibitor selected from CHF 6001, cilomilast, roflumilast, tetomilast, oglemilast and
a salt thereof.

[0057] In a preferred embodiment, the composition of the invention comprises an inhalation corticosteroid selected
from beclometasone dipropionate (BDP), budesonide, fluticasone furoate, fluticasone propionate and mometasone furo-
ate in addition to formoterol fumarate and glycopyrronium bromide compeonents. In that embodiment the more preferred
inhalation corticosteroid is selected from BDP and budesonide. BDP or budesonide are presentin an amountof0.02-0.8%
w/w, more preferably 0.042-0.43% w/w. The most preferred inhalation corticosteroid is BDP.

[0058] The compositions of the invention can be inhaled from any suitable known pressurised MDI device. Desired
doses of the individual pharmaceutically active components of the formulation are dependent on the identity of the
component and the type and severity of the disease condition, but are preferably such that a therapeutic amount of the
active ingredient is delivered in one or two actuations. Generally speaking, doses of active ingredient are in the range
of about 0.5 - 1000 p.g per actuation, e.g. about 1-300 pg/actuation, and sometimes about 5-150 pg/actuation. The
skilled person in the field is familiar with how to determine the appropriate dosage for each individual pharmaceutically
active ingredient.

[0059] With reference to formoterol fumarate in its dihydrate form, the preferred dosage is in the range from 1 to 24
ng per actuation, more preferably in the range from 6 to 12 pg per actuation. In a specific embodiment the dose of
formoterol fumarate dihydrate is of 6 or 12 pg per actuation.

[0060] With reference to glycopyrronium bromide, the preferred dosage is in the range from 5 to 26 pg per actuation
more preferably in the range from 6 to 25 pg per actuation. In a specific embodiment the dose of glycopyrronium bromide
is of 6, 12.5 or 25 g per actuation.

[0061] With reference to the optional component, when it is selected from an inhalation corticosteroid, the preferred
dosage is in the range from 20 to 1000 pg per actuation, preferably in the range from 50 to 250 p.g per actuation. In
specific embodiments the dose of beclometasone dipropionate and of budesonide is selected from 50, 100 or 200 pg
per actuation.

[0062] The pharmaceutical composition of the invention is filled into pMDI devices known in the art. Said devices
comprise a can fitted with a metering valve. Actuation of the metering valve allows a small portion of the spray product
to be released.

[0063] Part or all of the cans known in the art may be made of a metal, for example aluminium, aluminium alloy,
stainless steel or anodized aluminium. Alternatively the canister may be a plastic can or a plastic-coated glass bottle.
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[0064] Metal canisters for pMDI may have part or all of their internal surfaces lined or passivated with an inert organic
or inorganic coating applied by conventional coating or by plasma coating. Examples of coatings are epoxy-phenol
resins, perfluorinated polymers such as perfluoroalkoxyalkane, perflucroalkoxyalkylene, perflucroalkylenes such as poly-
tetrafluoroethylene (Teflon), fluorinated-ethylene-propylene (FEP), polyether sulfone (PES) or fluorinated-ethylene-pro-
pylene polyether sulfone (FEP-PES) mixtures or combination thereof. Other suitable coatings could be polyamide,
polyimide, polyamideimide, polyphenylene sulfide or their combinations.

[0065] Suitable cans are available from manufacturers such as, for instance, 3M, Presspart and Pressteck.

[0066] The can is closed with a metering valve for delivering a therapeutically effective dose of the active ingredients.
Generally the metering valve assembly comprises a ferrule having an aperture formed therein, a body moulding attached
to the ferrule which houses the metering chamber, a stem consisting of a core and a core extension, an inner- and an
outer- seal around the metering chamber, a spring around the core, and a gasket to prevent leakage of propellant through
the valve.

[0067] The gasket seal and the seals around the metering valve may comprise the same or different elastomeric
material selected from EPDM (ethylene propylene diene monomer), neoprene and butyl rubber. Among the butyl rubber
chlorobutyl rubber and bromobutyl rubber are preferred and.chlorobutyl rubber is particularly preferred. The most pre-
ferred metering valve has all the seals made with the same elastomeric material which is selected from a butyl rubber
and in particular from a chlorobutyl rubber or a bromobutyl rubber.

[0068] The metering chamber, core and core extension are manufactured using suitable materials such as stainless
steel, polyesters (e.g. polybutyleneterephthalate (PBT)), or acetals. The spring is manufactured in stainless steel even-
tually including titanium. The ferrule may be made of a metal, for example aluminium, aluminium alloy, stainless steel
or anodized aluminium. Suitable valves are available from manufacturers such as, for instance, Valois-Aptar, Bespak
ple, V.ARR.I., 3M-Neotechnic Ltd, Rexam, Coster.

[0069] The pMDI is actuated by a metering valve capable of delivering a volume in the range from 25 to 150 pl,
preferably in the range from 50 to 100 pl, and more preferably of 50 pl or 63 pl per actuation.

[0070] Each filled canister is conveniently fitted into a suitable channelling device prior to use to form a metered dose
inhaler for administration of the medicament into the lungs of a patient. Suitable channelling devices comprise, for
example a valve actuator and a cylindrical or cone-like passage through which medicament may be delivered from the
filled canister via the metering valve to the mouth of a patient e.g. a mouthpiece actuator.

[0071] In a typical arrangement the valve stem is seated in a valve stem receptacle into the nozzle block which has
anorifice leading to an expansion chamber. The expansion chamber has an exit orifice which extends into the mouthpiece.
Actuator exit orifices having a diameter in the range 0.15 - 0.45 mm and a length from 0.30 to 1.7 mm are generally
suitable. Preferably, an orifice having a diameter from 0.2 to 0.45 mm is used, e.g. 0.22, 0.25, 0.30, 0.33 or 0.42 mm.
[0072] In certain embodiments of the invention, it may be useful to utilize actuator orifices having a diameter ranging
from 0.10 to 0.22 mm, in particular from 0.12 to 0.18 mm, such as those described in WO 03/053501. The use of said
fine orifices may also increase the duration of the cloud generation and hence, may facilitate the coordination of the
cloud generation with the slow inspiration of the patient.

[0073] Suitable actuators for the delivery of the composition of the invention are the conventional ones, wherein the
longitudinal axis of the can (aligned with the longitudinal axis of the valve stem receptacle) is inclined of an angle greater
or equal to 90° with respect to the longitudinal axis of the mouthpiece which is in general aligned with actuator orifice,
but also an actuator according to WO 2012/032008, wherein the longitudinal axis of the actuator exit orifice is aligned
with the longitudinal axis of the valve stem receptacle, may be used.

[0074] Other suitable actuators for the delivery of the composition of the invention are those disclosed in WO
2014/033057, wherein the nozzle block orifice is characterised by the presence of a tubular element extending in the
mouthpiece portion from the orifice aperture in a longitudinal axis aligned with a longitudinal axis of the mouthpiece
portion. In particular said tubular element is positioned to enclose the orifice aperture within a recess.

[0075] Incase the ingress of water into the formulation is to be avoided, it may be desired to overwrap the MDI product
in a flexible package capable of resisting water ingress. It may alsc be desirable to incorporate a material within the
packaging which is able to adsorb any propellant and co-solvent which may leak from the canister (e.g. a molecular sieve).
[0076] Optionally the MDI device filled with the composition of the invention may be utilized together with suitable
auxiliary devices favouring the correct use of the inhaler. Said auxiliary devices are commercially available and, depending
on their shape and size, are known as "spacers”, "reservoirs" or "expansion chambers”. Volumatic™ is, for instance,
one of the most widely known and used reservoirs, while Aerochamber™ is one of the most widely used and known
spacers. A suitable expansion chamber is reported for example in WO 01/49350.

[0077] The composition of the invention may also be used with common pressurised breath-activated inhalers, such
as those known with the registered names of Easi-Breathe™ and Autohaler™.

[0078] Inadditionthe composition of the invention may be administered through an actuator provided with a mechanical
or electronic dose counter or dose indicator known in the art which may be top-mounted externally to the actuator or
integrated internally to the actuator. Such a dose counter or dose indicator may show, respectively, the number or the
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range of the doses administered and/or the number or the range of the doses still remaining into the can.

[0079] The efficacy of an MDI device is a function of the dose deposited at the appropriate site in the lungs. Deposition
is affected by the aerodynamic particle size distribution of the formulation which may be characterised in vitro through
several parameters.

[0080] The aerodynamic particle size distribution of the composition of the invention may be characterized using a
cascade impactor according to the procedure described in the European Pharmacopoeia 7th edition, 2013 (7.8), part
2.9.18. An Apparatus E, operating at a flow rate range of 30 1/min to 100 1/min is used. Deposition of the drug on each
cascade impactor cup is determined by high performance liquid chromatography (HPLC).

[0081] The following parameters of the particles emitted by a pressurised MDI may be determined:

i) mass median aerodynamic diameter (MMAD) is the diameter around which the mass aerodynamic diameters of
the emitted particles are distributed equally;

ii) delivered dose is calculated from the cumulative deposition in the cascade impactor, divided by the number of
actuations per experiment;

iii) respirable dose (fine particle dose = FPD) corresponds to the mass of particles of diameter < 5 microns, divided
by the number of actuations per experiment;

iv) respirable fraction (fine particle fraction = FPF) is the percentratio between the respirable dose and the delivered
dose;

v) "superfine" dose is obtained from the deposition from cup 6 (C6) to filter, corresponding to particles of diameter
< 1.4 microns, divided by the number of actuations per experiment;

[0082] The solutions of the invention are capable of providing, upon actuation of the pMDI device in which they are
contained, a total FPF higher than 25%, preferably higher than 30%, more preferably higher than 35%.

[0083] Moreover the compositions of the invention are capable of providing, upon actuation, a fraction higher than or
equal to 15% of emitted particles of diameter equal to or less than 1.4 microns as defined by the content cups from C6
to filter (C6-F) of the cascade impactor, relative to the total fine particle dose collected in the cups from C3 to filter (C3-
F) of the impactor. Preferably the fraction of emitted particles of diameter equal to or less than 1.4 microns is higher than
or equal to 20%, more preferably higher than 25%.

[0084] According to a further aspect of the invention there is provided a method of filling an aercsol inhaler with a
composition of the invention. Conventional bulk manufacturing methods and machinery well known in the art of phar-
maceutical aerosol manufacture may be employed for the preparation of large-scale batches for the commercial pro-
duction of filled canisters.

[0085] A first method comprises:

a) preparing a solution of glycopyrronium bromide, formoterol fumarate and optionally of the inhalation corticosteroid,
preferably selected from beclometasone dipropionate and budesonide in a co-solvent (e.g. ethanol), mineral acid,
propellant comprising a HFA and an optional low volatility component at a temperature from -50 to -60 °C at which
the composition does not vaporize;

b) cold-filling the can with the prepared solution; and

c) placing the valve onto the empty can and crimping.

[0086] An alternative method comprises:

a) preparing a solution of glycopyrronium bromide, formoterol fumarate and optionally of the inhalation corticosteroid,
preferably selected from beclometasone dipropionate and budesonide in a co-solvent (e.g. ethanol), mineral acid,
and an optional low volatility component;

b) filling the open can with the bulk solution;

¢) placing the valve onto the can and crimping; and

d) pressure-filling the can with the HFA propellant through the valve

[0087] A further alternative method comprises:

a) preparing a solution of glycopyrronium bromide, formoterol fumarate and optionally of the inhalation corticosteroid,
preferably selected from beclometasone dipropionate and budesonide, in a co-solvent (e.g. ethanol), mineral acid,
a propellant comprising a HFA and an optional low volatility component using a pressurised vessel:

b) placing the valve onto the empty can and crimping; and

c) pressure-filling the can with the final solution through the valve
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[0088] Inoneembodimentofthe invention, oxygen is substantially removed from the headspace of the aerosol canister
using conventional techniques in order to further stabilize the formotercl component, especially at higher acid concen-
trations. This can be achieved in different ways depending on the method offilling the container. Purging can be achieved
by vacuum crimping or by using propellant, for instance. In a preferred embodiment the second filling method described
above is modified to incorporate an oxygen purging step into step (c) by vacuum crimping.

[0089] The packaged compasition of the invention is stable for extended periods of time when stored under normal
conditions of temperature and humidity. In a preferred embodiment the packaged compaosition are stable for over 6
months at 25°C and 60% RH, more preferably for at least 9 months. Stability is assessed by measuring content of
residual active ingredient and content of impurities/degradation products. A "stable" composition as defined herein means
that the content of residual active ingredient is of at least about 90% w/w (which is the content percent by weight with
respect to its initial content at time 0), preferably of at least about 95% w/w, and that the total content of degradation
praduct is of not more than about 10% by weight with respect to initial content of the active ingredient attime 0, preferably
of not more than about 5% by weight, at a given time point, as measured by HPLC/UV-VIS.

[0090] The optimized stable compositions meet the specifications required by the ICH Guideline Q1A(R2) relevant for
drug product stability testing for the purposes of drug registration.

[0091] The combination product compositions of the invention may be used for prophylactic purposes or therapeutic
purposes or for symptomatic relief of a wide range of conditions, and in one aspect the invention therefore relates to
use of any of these these pharmaceutical compositions as a medicament. In particular, the combination products of the
invention are useful in the prevention or treatment of many respiratory disorders, such as asthma of all types and chronic
obstructive pulmonary disease (COPD).

[0092] Thus, in another aspect the invention relates to a method of preventing and/or treating a respiratory disease,
such as asthma and COPD, comprising administering to a patient in need of such treatment a therapeutically effective
amount of a pharmaceutical composition according to the invention.

[0093] The invention also provides the pharmaceutical compositions of the invention for use in the therapeutic or
palliative treatment or prevention of respiratory diseases and their symptoms.

[0094] Respiratory disorders for which use of the pharmaceutical compositions of the invention may also be beneficial
are those characterized by obstruction of the peripheral airways as a result of inflammation and presence of mucus,
such as chronic obstructive bronchiolitis, chronic bronchitis, emphysema, acute lung injury (ALI), cystic fibrosis, rhinitis,
and adult or acute respiratory distress syndrome (ARDS).

EXAMPLE 1

Stability of a triple combination aerosol solution composition stored for 6 months at 25°C and 60% relative humidity (RH)

[0095] A study was performed to investigate the stability of a triple combination of formoterol fumarate (FF), glycop-
yrronium bromide (GLY) and beclometasone dipropionate (BDP) in an aerosol solution formulation whose composition
is shown in Table 1 and which was stored for 6 months at 25°C and 60% relative humidity (RH), in different kinds of
can, crimped with different kinds of valve.

Table 1: Composition of the aerosol solution compasition of the triple combination of formoterol fumarate (FF)
dihydrate, glycopyrronium bromide (GLY) and beclometasone dipropionate (BDP). Content % w/w means the percent
content by weight of each component with respect to the total weight of the composition.

Component Mass in ;L(g:;p:[)actuation Mass in pg/pL Content % (wiw)
BDP 100 1.59 0.135
FF dihydrate 6 0.095 0.0081
GLY 12.5 0.20 0.0169
Ethanol (anhydrous) 8856 140.57 12.000
1M HCI 14 0.22 0.0019
HFA 134a 64811.5 1028.75 87.820

[0096] Sample batches were stored in inverted orientation, deemed the worst case condition for the drug product
stability, and 3 canisters for each batch were analysed for residual content of active ingredients and total formoterol
degradation products (among which DP3: corresponding to N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphe-
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nyl) propan-2-ylamino] ethyl] phenyl] formamide) at the 6 months checkpoint.

[0097] The DP3 structure was identified by HPLC/MS/MS experiments performed on degraded samples of a triple
combination of formoterol fumarate, glycopyrronium bromide and beclometasone dipropionate in an aerosol solution
formulation

[0098] To attribute the position of the substituting bromine atom, a triple combination of deuterated formoterol fumarate
(N-(3-deutero)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphenyl)propan-2-ylamino]ethyl]phenyl] formamide), glycopyr-
ronium bromide and beclometasone dipropionate was manufactured in, plain aluminium cans, crimped with valves
provided with EPDM (ethylene propylene diene monomer) rubber seals (RB700 from Bespak) and stored at 40°C and
75% RH for 1 month. The analysis of the degradation products pointed out that the deuterium atom of deuterated
formoterol fumarate was substituted by the bromine atom giving the degradation product DP3. Moreover N-(3-bromo)-[2-
hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphenyl) propan-2-ylamino]ethyl] phenyl] formamide standard was synthesized
and characterized by "H-NMR and MS/MS analysis. MS/MS spectrum of N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-
methoxyphenyl) propan-2-ylaminolethyl] phenyl] formamide standard showed a fragmentation pattern comparable to
the fragmentation pattern of DP3.

[0099] The residual content of each active ingredient, DP3 and the total amount of formoterol degradation products
were measured using a validated HPLC/UV-VIS method. A mass spectra detector was used to confirm the molecular
weights of the detected degradation products found in each can.

[0100] The results, summarised in the following Table 2 after 6 months storage at 25°C/60% relative humidity (RH)
as reported, showed that the configurations performing the best results in term of higher active ingredient content (in
particular of glycopyrronium bromide and formoterol), the lowest levels of total formoterol degradation products (with
respect to the theoretical formoterol fumarate content of 6 pg/actuation) and, unexpectedly, in degradation product DP3
lower than the limit of quantification of 0.10% w/w (with respect to the theoretical formoterol fumarate content), were
those wherein the composition was stored in an aerosol can provided with a metering valve having a butyl rubber gasket.
[0101] Evenifas knownfrom WO 2011/076843, cited above, vacuum crimping improves the stability of the composition
by oxygen removal from the aerosol can; unexpected improvements to the stability were indeed obtained by using an
aerosol can provided with a metering valve having a butyl rubber gasket.

[0102] The composition of the invention packaged in an aerosol can provided with a metering valve having a butyl
rubber gasket showed degradation product DP3 level lower than the limit of quantification of 0.10% w/w (with respect
to the theoretical formoterol fumarate content of 6 p.g/actuation), total formoterol degradation product levels lower than
2% wiw (with respect to the the theoretical formoterol fumarate content of 6 wg/actuation) and the maintenance of
formoterol fumarate, the most instable component of the composition, residual level higher than 95% w/w after storage
in the reported conditions.
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EXAMPLE 2

Stability of a further triple combination aerosol solution composition stored for 6 months at25°C and 60% relative humidity
(RH)

[0103] A study was performed to investigate the stability of a triple combination of formoterol fumarate (FF), glycop-
yrronium bromide (GLY) and budesonide in an aerosol solution formulation whose composition is shown in Table 3 and
which was stored for 6 months at 25°C and 60% relative humidity (RH), in different kinds of can, crimped with different
kinds of valve.

Table 3: Composition of the aerosol solution compasition of the triple combination of formoterol fumarate (FF)
dihydrate, glycopyrronium bromide (GLY) and budesonide. Content % w/w means the percent content by weight of
each component with respect to the total weight of the composition.

Component Mass in ;L(g:;p:[)actuation Mass in pg/pL Content % (wiw)
Budesonide 100 1.59 0.135
FF dihydrate 6 0.095 0.0081
GLY 12.5 0.20 0.0169
Ethanol (anhydrous) 8856 140.57 12.000
1M HCI 14 0.22 0.0019
HFA 134a 64811.5 1028.75 87.820

[0104] Sample batches were stored in inverted orientation, deemed the worst case condition for the drug product
stability, and 3 canisters for each batch were analysed for residual content of active ingredients and total formoterol
degradation products (among which DP3: corresponding to N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphe-
nyl)propan-2-ylamino]ethyl] phenyl] formamide) at the 6 months checkpoint.

[0105] The residual content of each active ingredient, DP3 and the total amount of formoterol degradation products
were measured using a validated HPLC/UV-VIS method. A mass spectra detector was used to confirm the molecular
weights of the detected degradation products found in each can.

[0106] The results, summarised in the following Table 4 confirmed that, after 6 months at 25°C/60% relative humidity
(RH), the configurations performing the best results in term of higher active ingredient content (in particular of glycop-
yrronium bromide and formoterol), the lowest levels of total formoterol degradation products (with respectto the theoretical
formoterol fumarate content of 6 pg/actuation) and unexpectedly in degradation product DP3 lower than the limit of
quantification of 0.10% w/w (with respect to theoretical formoterol fumarate content of 6 pg/actuation), were those
wherein the composition was stored in a can provided with a butyl rubber valve even in presence of a different inhalation
corticosteroid (budesonide in place of BDP).
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Claims

1.

10.

1.

12.

13.

14.

A pharmaceutical aerosol solution composition intended for use in a pressurised metered dose inhaler comprising:

(a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;

(b) formoterol, or a salt thereof or a solvate of said salt, at a dosage in the range of from 1 to 25 pg per actuation;
(c) a HFA propellant;

(d) a co-solvent;

(e) a stabilising amount of a mineral acid;

said composition being contained in an aerosol can provided with a metering valve having at least a butyl rubber
gasket.

A pharmaceutical aerosol solution composition according to claim 1 characterised in that the amount of the deg-
radation product N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphenyl)propan-2-ylamino]ethyl] phenyl]for-
mamide is lower than 0.10% w/w, with respect to the theoretical formoterol fumarate content of 6 wg/actuation, when
stored in accelerated conditions at 25°C and 60% relative humidity (RH) for at least 6 months.

A pharmaceutical aerosol solution composition according to claim 1 or 2 wherein the stabilising amount of a mineral
acid is an amount of acid equivalent to 1M hydrochloric acid in the range from 0.15 to 0.28 pg/p.l.

A pharmaceutical aerosol solution composition according to claim 3 wherein a mineral acid is an amount of acid
equivalent to 0.22 pg/pl of 1M hydrochloric acid.

A pharmaceutical aerosol solution composition according to any one of claims 1 to4 wherein the co-solvent is ethanol.
Apharmaceutical aerosol solution composition according to claim 1 wherein the formoterolsalt is formoterol fumarate.

A pharmaceutical aerosol solution composition according to claim 1 wherein the solvate form of the formoterol salt
is formoterol fumarate dihydrate.

A pharmaceutical aerosol solution composition according to claim 1 further comprising one or more pharmaceutically
active ingredient selected from the group consisting of beta-2 agonists, inhalation corticosteroids, antimuscarinic
agents, and phosphodiesterase-4 inhibitors.

A pharmaceutical aerosol solution composition according to claim 8 wherein the inhalation corticosteroid is selected
from the group of beclometasone dipropionate, budesonide or its 22R-epimer, ciclesonide, flunisolide, fluticasone
propionate, fluticasone furoate, mometasone furoate, butixocort, triamcinolone acetonide, triamcinolone, methyl-
prednisclone, prednisone, loteprednol and rofleponide;

A pharmaceutical aerosol solution composition according to claim 9 wherein the inhalation corticosteroid beclom-
etasone dipropionate is present in an amount in the range from 50 to 250 p.g per actuation.

A pharmaceutical aerosol solution composition according to claim 9 wherein the inhalation corticosteroid budesonide
is present in an amount in the range from 50 to 250 pg per actuation.

A pharmaceutical aerosol solution composition according to claim 1 wherein the formoterol degradation products
level is lower than 10% w/w with respect to the theoretical formoterol fumarate content of 6p.g/actuation and the
residual level of formoterol fumarate is higher than 90% w/w with respect to its initial content.

A pharmaceutical aerosol solution composition according to claim 12 wherein the overall formoterol degradation
products level is lower than 2% w/w with respect to the theoretical formoterol fumarate content of 6.g/actuation and

the residual level of the formoterol fumarate is higher than 95% w/w with respect to its initial content.

A pressurised metered dose inhaler including an aerosol can provided with a metering valve having at least a butyl
rubber gasket, said can containing a pharmaceutical aerosol solution composition comprising:

(a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;
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(b) formoterol, or a salt thereof or a solvate of said salt, at a dosage in the range of from 1 to 25 p.g per actuation;
(c) a HFA propellant;
(d) a co-solvent;
(
(

~— — e

e) a stabilising amount of a mineral acid; and, optionally,
f) an inhalation corticosteroid.

15. A method to lower the amount of degradation product N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphe-
nyl)propan-2-ylaming] ethyl] phenyllformamide (DP3) during the shelf-life of a pharmaceutical aerosol solution com-
position intended for use in a pressurised metered dose inhaler comprising:

a) glycopyrronium bromide at a dosage in the range of from 5 to 26 pg per actuation;
b) formoterol, or a salt thereof or a solvate of said salt, at a dosage in the range of from 1 to 25 p.g per actuation;
¢) a HFA propellant;
d) a co-solvent;

e) a stabilising amount of a mineral acid; and, optionally,

f) an inhalation corticosteroid

o~

said method comprises containing the above composition in an aerosol can provided with a metering valve having
at least a butyl rubber gasket.

16. A method according to claim 15 further characterised by the fact that the overall formoterol degradation products
level lower than 10% w/w with respect to the theoretical formoterol fumarate content of 6pg/actuation and the residual
level of formoterol fumarate is higher than 90 w/w with respect to its initial content.

17. A method according to claim 15 or 16 further characterised by the fact that the overall formoterol degradation
products level is lower than 2% w/w with respect to the theoretical formoterol fumarate content of 6p.g/actuation and
the residual level of the formoterol fumarate is higher than 95% w/w with respect to its initial content.

18. A pharmaceutical aerosol solution composition as defined in any one of claims 1 to 13 for use in the prevention
and/or treatment of an obstructive respiratory disorder selected from asthma and COPD.

Patentanspriiche

1. Pharmazeutische Aerosolldsungszusammensetzung, vorgesehen zur Verwendung in einem Druckgas-Dosierinha-
lator, umfassend:

(a) Glycopyrroniumbromid in einer Dosierung in dem Bereich von § bis 26 ug pro SprihstoR;

(b) Formoterol oder ein Salz davon oder ein Solvat des Salzes in einer Dosierung im Bereich von 1 bis 25 xg
pro SprihstoB;

(c) ein HFA-Treibmittel;

(d) ein Co-Lésungsmittel;

(e) eine stabilisierende Menge einer Mineralsaure,

wobei die Zusammensetzung, enthalten in einem Aerosol, bereitgestellt werden kann mit einem Dosierventil mit
mindestens einer Butylkautschukdichtung.

2. Pharmazeutische Aerosollésungszusammensetzung gemal Anspruch 1, dadurch gekennzeichnet, dass die Men-

ge des Abbauprodukts N-(3-Brom)-[2-hydroxy-5-[1-hydroxy-2-(1-(4-methoxyphenyl)propan-2-ylaminolethyl]phe-
nyliformamid unter 0,10% G/G liegt, bezogen auf den theoretischen Formoterolfumaratgehalt von 6 xg/SpriihstoR,
wenn unter beschleunigten Bedingungen bei 25°C und 60% relativer Feuchtigkeit (RF) fiir mindestens 6 Monate
gelagert wurde.

3. Pharmazeutische Aerosolldsungszusammensetzung gemal Anspruch 1 oder 2, wobei die stabilisierende Menge

einer Mineralsaure eine Menge an Saure, &quivalent zu 1 M Salzsaure, im Bereich von 0,15 bis 0,28 ug/ul ist.

4. Pharmazeutische Aerosolldsungszusammensetzung gemaR Anspruch 3, wobei eine Mineralsdure eine Menge an

S&ure ist, aquivalent zu 0,22 pg/ul an 1 M Salzsaure.
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Pharmazeutische Aerosolldsungszusammensetzung gemaf einem der Anspriiche 1 bis 4, wobei das Co-Ldsungs-
mittel Ethanol ist.

Pharmazeutische Aerosolldsungszusammensetzung geman Anspruch 1, wobei das Formoterolsalz Formoterolfu-
marat ist.

Pharmazeutische Aerosollésungszusammensetzung gemanR Anspruch 1, wobei die Solvatform des Formoterolsal-
zes Formoterolfumaratdihydrat ist.

Pharmazeutische Aerosolldsungszusammensetzung gemanl Anspruch 1, des Weiteren umfassend einen oder meh-
rere pharmazeutisch wirksame(n) Inhaltsstoff(e), ausgewahlt aus der Gruppe, bestehend aus beta-2-Agonisten,
Inhalationscorticosteroiden, antimuskarinen Mitteln und Phosphodiesterase-4-Inhibitoren.

Pharmazeutische Aerosollésungszusammensetzung geman Anspruch 8, wobei das Inhalationscorticosteroid aus-
gewahlt ist aus der Gruppe, bestehend aus Beclometasondipropionat, Budesonid oder dessen 22R-Epimer, Cicle-
sonid, Flunisolid, Fluticasonpropionat, Fluticasonfuroat, Mometasonfuroat, Butixocort, Triamcinolonacetonid, Tri-
amcinolon, Methylprednisolon, Prednison, Loteprednol und Rofleponid.

Pharmazeutische Aerosolldsungszusammensetzung gemal Anspruch 9, wobei das Inhalationscorticosteroid Be-
clometasondipropionat in einer Menge im Bereich von 50 bis 250 ug pro SpriihstoR vorliegt.

Pharmazeutische Aerosolldsungszusammensetzung gemal Anspruch 9, wobei das Inhalationscorticosteroid Bu-
desonid in einer Menge im Bereich von 50 bis 250 ug pro SprithstoR vorliegt.

Pharmazeutische Aerosollésungszusammensetzung gemaf Anspruch 1, wobei der Formoterclabbauprodukte-Ge-
halt unter 10% G/G liegt, bezogen auf den theoretischen Formoterolfumaratgehalt von 6 wg/Sprihstof3, und der
Restgehalt an Formoterolfumarat iiber 90% G/G liegt, bezogen auf dessen Anfangsgehalt.

Pharmazeutische Aerosolldsungszusammensetzung gemaf Anspruch 12, wobei der Gesamtgehalt an Formotero-
labbauprodukten unter 2% G/G liegt, bezogen auf den theoretischen Formoterolfumaratgehalt von 6 xg/SpriihstoR,
und der Restgehalt an Formoterolfumarat Uber 95% G/G liegt, bezogen auf dessen Anfangsgehalt.

Druckgas-Dosierinhalator, beinhaltend eine Aerosoldose, ausgestattet mit einem Dosierventil mit mindestens einer
Butylkautschukdichtung, wobei die Dose eine pharmazeutische Aerosolldsungszusammensetzung enthalt, umfas-
send:

(a) Glycopyrroniumbromid in einer Dosierung in dem Bereich von 5 bis 26 ug pro Sprihstof;

(b) Formoterol oder ein Salz davon oder ein Solvat des Salzes in einer Dosierung im Bereich von 1 bis 25 ug
pro SprihstoB;

(c) ein HFA-Treibmittel;

(d) ein Co-Lésungsmittel;

(e) eine stabilisierende Menge einer Mineralsdure und gegebenenfalls

(f) ein Inhalationscorticosteroid.

Verfahren zur Verringerung der Menge an Abbauprodukt N-(3-Brom)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-methoxyphe-
nyl)propan-2-ylamino]ethyl]phenyliformamid (DP3) wahrend der Haltbarkeitsdauer einer pharmazeutischen Aero-
sollésungszusammensetzung, vorgesehen zur Verwendung in einem Druckgas-Dosierinhalator, umfassend:

(a) Glycopyrroniumbromid in einer Dasierung in dem Bereich von S bis 26 ug pro SprihstoR;

(b) Formoterol oder ein Salz davon oder ein Solvat des Salzes in einer Dosierung im Bereich von 1 bis 25 xg
pro SprihstoB;

(c) ein HFA-Treibmittel;

(d) ein Co-Lésungsmittel;

(e) eine stabilisierende Menge einer Mineralsdure und gegebenenfalls

(f) ein Inhalationscorticosteroid,

wobei das Verfahren umfasst, das Enthalten der vorstehenden Zusammensetzung in einer Aerosoldose, ausge-
stattet mit einem Dosierventil mit mindestens einer Butylkautschukdichtung.

19



10

15

20

25

30

35

40

45

50

55

16.

17.

18.

EP 3 096 737 B1

Verfahren geman Anspruch 15, weiterhin dadurch gekennzeichnet, dass der Gesamt-Formoterolabbauprodukte-
Gehalt unter 10% G/G liegt, bezogen auf den theoretischen Formoterolfumaratgehalt von 6 xg/Sprihstof3, und der
Restgehalt an Formoterolfumarat tiber 90% G/G liegt, bezogen auf dessen Anfangsgehailt.

Verfahren gemanl Anspruch 15 oder 16, weiterhin dadurch gekennzeichnet, dass der Gesamt-Formoterolabbau-
produkte-Gehalt unter 2% G/G liegt, bezogen auf den theoretischen Formoterolfumaratgehalt von 6 pg/Sprithsto
und der Restgehalt an Formoterolfumarat Uber 95% G/G liegt, bezogen auf dessen Anfangsgehalt.

Pharmazeutische Aerosollésungszusammensetzung, wie in einemder Anspriiche 1 bis 13 definiert, zur Verwendung
bei der Pravention und/oder Behandlung einer obstruktiven Atemwegserkrankung, ausgewahit aus Asthma und
COPD.

Revendications

Composition pharmaceutique sous la forme d’une solution pour aérosol pour son utilisation dans un aérosol-doseur
mis sous pression, comprenant :

(a) du bromure de glycopyrronium a une dose dans la plage de 5 a 26 pg par application ;

(b) du formotérol ou un de ses sels ou un solvate dudit sel, a une dose dans la plage de 1 &4 25 g par application ;
(c) un propulseur HFA ;

(d) un cosclvant ;

(e) une quantité stabilisatrice d’un acide minéral ;

ladite composition étant contenue dans une bombe pour aérosol munie d’'une soupape de dosage possédant au
mains un joint d’étanchéité en caoutchouc butyle.

Composition pharmaceutigue sous la forme d’une solution pour aérosol selon la revendication 1, caractérisée en
ce que la quantité du produit de dégradation N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[1-(4-méthoxyphényl)-propan-
2-ylamino]éthyl]phényljformamide estinférieure 20,10 % en poids/poids parrapport alateneur théorique dufumarate
de formotérol de 6 pg/application, lorsqu’elle entreposée dans des conditions accélérées a 25 °C et sous une
humidité relative de 60 % (RH) pendant au moins 6 mois.

Compoasition pharmaceutique sous la forme d’une solution pour aérosol selon la revendication 1 ou 2, dans laquelle
la quantité stabilisatrice d’un acide minéral représente une quantité d’acide équivalant a de l'acide chlorhydrique
1M dans la plage de 0,15 a 0,28 p.g/pl.

Compasition pharmaceutigue sous la forme d’une solution pour aérosol selon la revendication 3, dans laquelle un
acide minéral représente une quantité d’acide équivalant & 0,22 pg/pl d’acide chlorhydrique 1M.

Compasition pharmaceutique sous la forme d’une solution pour aérosol selon I'une quelconque des revendications
1 a4, dans laquelle le cosolvant est I'éthanol.

Composition pharmaceutique sous la forme d'une solution pour aérosol selon la revendication 1, dans laquelle le
sel de formotérol est le fumarate de formotérol.

Compasition pharmaceutique sous la forme d'une solution pour aérosol selon la revendication 1, dans laquelle la
forme solvate du sel de formotérol est le dihydrate de fumarate de formotérol.

Compasition pharmaceutique sous la forme d’une solution pour aérosol selon la revendication 1, comprenant en
outre un ou plusieurs ingrédients pharmaceutiguement actifs choisis parmi le groupe constitué par des agonistes
béta-2, des corticostéroides pour inhalation, des agents antimuscariniques et des inhibiteurs de la phosphodiesté-
rase-4.

Composition pharmaceutique sous la forme d'une solution pour aérosol selon la revendication 8, dans laquelle le
corticostéroide pour inhalation est choisi parmi le groupe comprenant le dipropionate de béclométasone, le budé-
sonide ou son épimére 22R, le ciclésonide, le flunisolide, le propionate de fluticasone, le furoate de fluticasone, le
furoate de mométasone, le butixocort, 'acétonide de triamcinolone, la triamcinolone, la méthylprednisolone, la
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predniscne, le lotéprednol et le rofléponide.

Composition pharmaceutique sous la forme d'une solution pour aérosol selon la revendication 9, dans laquelle le
corticostéroide pour inhalation dipropionate de béclométasone est présent en une quantité dans la plage de 50 a
250 pg par application.

Composition pharmaceutique sous la forme d'une solution pour aérosol selon la revendication 9, dans laquelle le
corticostéroide pour inhalation budésonide est présent en une quantité dans la plage de 50 a 250 g par application.

Composition pharmaceutique sous la forme d'une solution pour aérosol selon la revendication 1, dans laquelle le
taux de produits de dégradation du formotérol est inférieur & 10 % en poids/poids par rapport a la teneur théorique
en fumarate de formotérol de 6 pg/application et le taux résiduel de fumarate de formotérol est supérieur a 90 %
en poids/poids par rapport a sa teneur initiale.

Compasition pharmaceutique sous la forme d’une solution pour aérosol selon la revendication 12, dans laquelle le
taux global de produits de dégradation du formotérol est inférieur a 2 % en poids/poids par rapport a la teneur
théorique en fumarate de formotérol de 6 pg/application et le taux résiduel de fumarate de formotérol est supérieur
a 95 % en poids/poids par rapport & sa teneur initiale.

Aérosol-doseur mis sous pression englobant une bombe pour aérosol munie d’une soupape de dosage possédant
au moins un joint d’étanchéité en caoutchouc butyle, ladite bombe contenant une composition pharmaceutique sous
la forme d’une solution pour aérosol, comprenant :

(a) du bromure de glycopyrronium a une dose dans la plage de 5 a 26 pg par application ;

(b) du formotérol ou un de ses sels ou un solvate dudit sel, a une dose dans la plage de 1 a 25 g par application ;
(c) un propulseur HFA ;

(d) un cosalvant ;

(e) une quantité stabilisatrice d’un acide minéral ; et de maniére facultative

(f) un corticostéroide pour inhalation.

Procédé pour diminuer la quantité du produit de dégradation N-(3-bromo)-[2-hydroxy-5-[1-hydroxy-2-[ 1-(4-méthoxy-
phényl)-propan-2-ylaminolethyl]-phényllformamide (DP3) au cours de la durée de conservation d’une composition
pharmaceutique sous la forme d’une solution pour aérosol pour son utilisation dans un aérosol-doseur mis sous
pression, comprenant :

(a) du bromure de glycopyrronium a une dose dans la plage de 5 a 26 pg par application ;

(b) du formotérol ou un de ses sels ou un solvate dudit sel, a une dose dans la plage de 1 a 25 p.g par application ;
(c) un propulseur HFA ;

(d) un cosclvant ;

(e) une quantité stabilisatrice d’un acide minéral ; et de maniére facultative

(f) un corticostéroide pour inhalation ;

ledit procédé comprenant le fait d’introduire la composition indiguée ci-dessus dans une bombe pour aérosol munie
d’'une soupape de dosage possédant au moins un joint d’étanchéité en caoutchouc butyle.

Procédé selon la revendication 15, caractérisé en outre par le fait que le taux global de produits de dégradation
du formotérol est inférieur a 10 % en poids/poids par rapport a la teneur théorique en fumarate de formotérol de 6
pg/application et le taux résiduel de fumarate de formotérol est supérieur 2 90 % en poids/poids par rapport a sa
teneur initiale.

Procédé selon la revendication 15 ou 16, caractérisé en outre par le fait que le taux global de produits de dégra-
dation du formotérol est inférieur a 2 % en poids/poids par rapport a la teneur théorique en fumarate de formotérol
de 6 pg/application et le taux résiduel de fumarate de formotérol est supérieur & 95 % en poids/poids par rapport
a sa teneur initiale.

Compasition pharmaceutique sous la forme d’une solution pour aérosol telle que définie dans 'une quelconque des

revendications 1 a 13 pour son utilisation dans la prévention et/ou le traitement d’un trouble respiratoire obstructif
choisi parmi 'asthme et la BPCO.
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