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USE OF A GLUCOCORTICOID COMPOSITION FOR THE TREATMENT OF SEVERE

AND UNCONTROLLED ASTHMA

BACKGROUND OF THE INVENTION

[001] This invention concerns methods, devices and compositions for
treatment of severe and uncontrollable asthma. It provides means for delivery of
high doses of a suitable inhalable corticosteroid to the small and central airways of
the lower lungs without need for simultaneous administration of oral
corticosteroids or with a significantly decreased need for such simultanecus
administration of oral corticosteroids. The method significantly increases delivery
of the aerosolized inhalable corticosteroid into the bronchi, bronchioli, and alveoli
of the central and lower peripheral lungs and decreases deposition of the
corticosteroid into the bronchi and trachea of the upper lungs as well as in an
oropharyngeal area and thereby significantly decreases or completely eliminates
undesirable secondary {e.g. oropharyngeal} symptoms associated with delivery of
high doses of inhalable corticosteroids. The method utilizes devices allowing
individualization of treatment parameters in asthmatic patients having

compromised breathing pattern due to severe and uncontrollable asthma.

[002] Asthma is a major cause of chronic morbidity and mortality
throughout the world and is one of the most prevalent chronic diseases, with

estimated 300 million individuals affected by this condition.

[003] People suffering from asthma may have either a mild form of asthma
that is easily controlled with oral, systemic or inhalation therapy or a severe form
of asthma that is difficult to control and treat. The severe form of asthma is
connected with a heightened bronchial hyper-reactivity and with chronic severe

and uncontrolled or poorly controlled asthmatic symptoms.

[004] Many attempts have been made to control asthma with a particular
emphasis on a control and treatment of patients suffering from the severe and

uncontrollable asthmatic attacks. However, since each individual is unique in
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his/her degree of reactivity to environmental triggers, asthma affects each patient
differently. This naturally influences the type, dose and a route of administration of

various medication and treatments.

[005] Global Initiative for Asthma (GINA}) asthma guidelines have been
established to determine the severity of asthma. Severe and uncontrollable asthma
is classified by GINA guidelines as steps IV and step V, generally requiring
administration of oral corticosteroids in combination with inhaled corticosteroids.
For step 1V, the preferred treatment is to combine medium to high doses of inhaled
corticosteroid with a long-acting inhaled B-agonists. For step V, the above
medication is further supplemented with orally administered glucocorticosteroids.
Both treatments are known to cause or be associated with severe side effects, and
these side effects may be exacerbated with a prolonged use of high-doses of inhaled

corticosteroids.

[006] Asindicated already above, many attempts to successfully treat
severe and uncontroliable asthma have been made, These attempts include
development of new and more potent drugs, such as for example more potent
corticosteroid fluticasone as well as new nebulizing technologies that affect

pulmonary drug delivery.

[007] Eur.]. Clin. Pharmacol, 57:637-41 (2001] describes a study
comparing a large volume spacer and fluticasone nebulizer (FP-neb) in delivery of
fluticasone propionate by inhalation in healthy volunteers, The large volume (750
ml} spacer was shown to produce about a sevenfold higher relative tung dose than
nebulizer. This reference shows that the efficacy of the aerosol delivery depends on

the device used for such delivery.

[008] Respir. Med., 93(10}:689-99 (1999) describes an oral steroid-sparing
effect of high dose (4000 ug/day/bid} of inhaled fluticasone propionate. Reduction
in orally administered prednisone was significantly greater in the group receiving

4000 pg of fluticasone propionate per day than 1000 pg per day. However, it is
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noticeable that using this technology, high percentage (37%]) of all patients
discontinued 4000 ug treatment, presumably for high occurrence of severe side

effects.

[009] ]. Allergy Clin. Immunol,, 103:267-75 (1999) describes an oral
corticosteroids-sparing effect and improved lung function in patients with severe
chronic asthma who received 500 or 1000 g of fluticasone propionate
administered twice daily. While this treatment eliminated a need for oral
prednisone, topical adverse effects associated with inhaled corticosteroids were

observed during this treatment.

[010] Br.].Clin. Pract, 48:15-8 (1994) assessed a long-term safety of
fluticasone propionate in asthmatic children. Adverse effects were reported by
51% of patients even with such low doses as 50 or 100 pg administered twice a day

via a dry powder inhaler.

[011] Cochrane Database Syst. Rev., 2:CD002310 (2004) reviewed a
potency of fluticasone propionate for treatment of chronic asthma and compared
its effect to that of beclomethasone and budesonide. The study showed that
fluticasone propionate, given at half the daily dose of beclomethasone or
budesonide, resulted in improvement of forced expiratory volume in the first

fr"“‘\/'

second {FEV1). Unfortunately, due to a larger deposition of the fluticasene in the

upper lungs, it also had a higher risk of pharyngitis and other adverse side effects.

[012] Cochrane Database Syst. Rev., 3:CD003534 {2005) describes use of
inhaled fluticasone at different doses. While patients receiving 2000 ug per day of
fluticasone propionate were more likely to reduce a need for oral prednisolone
then those on 1500 or 1000 ug/day, hoarseness and oral candidiasis were

significantly greater for these higher doses.

[013] Respiratory Medicine, 94: 1206-1214 (2000) investigated the efficacy

and safety of nebulized fluticasone propionate compared to orally administered
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prednisolone. The nebulized fluticasone was at least as effective as oral

prednisolone in the treatment of children with acute exacerbated asthma.,

[014] Cochrane Database Syst. Rev,, 4:CD004109.pub2 {2008) evaluated
the efficacy of an initial high dose of inhaled corticosteroids compared to a lower to
moderate dose. Authors concluded that treatment should commence with a

moderate rather than high dose of inhaled corticosteroids.

[015] Annals Allergy, Asthma and Immunology, 92:512-522 (2004)
reviewed the efficacy and safety of inhaled corticosteroids when used to reduce
daily oral corticosteroid requirement in patients with severe asthma. Authors
concluded that inhalable corticosteroid can reduce orally administered
corticosteroids requirements in patients with persistent and exacerbated asthma.

However, the question of increased adverse side effects still remains.

[016] Respiratory Medicine, 93: 689-699 (1999) investigated the
steroid-sparing effect of two doses of nebulized fluticasone propionate in patients
with severe chronic asthma. The nebulized fluticasone at a daily dose between 1
and 4 mg was safe and effective means for reducing the oral steroids requirement

of patients with chronic oral dependent asthma.

[017] Disclosures discussed above indicate that a need for orally
administered steroids in patients suffering from severe and uncontrollable asthma
may be decreased by administration of appropriately high doses of inhalable
corticosteroids. However, when such high doses of inhalable corticosteroid are
administered, severe adverse side effects occur, preventing a truly efficacious

treatment of these patients.

[018] It would, therefore, be advantageous to have available a method
and/or device and/or composition that provides for efficacious treatment for
severe and uncontrollable forms of asthma, wherein a high dose of the inhalable
corticosteroid is deposited at the site of asthmatic inflammation, namely in alveoli

and bronchioli of the lower lungs combined with a low deposition of the
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corticosteroid in the trachea and in the oropharyngeal area, wherein orally
administered steroids could be eliminated or, at least, the oral dose of these drugs

could be significantly reduced.

[019] Itis, therefore, an object of this invention to provide a method, a
device and/or a composition for efficacious treatment for severe and uncontrolled
forms of asthma by providing means for delivery of a sufficiently high dosage of a
corticosteroid for treatment of said severe uncontrolled asthma and wherein an
oral delivery of corticosteroids could be either completely eliminated or reduced,
and wherein said treatment would be able to deliver higher dosages of
corticosteroid selectively into alveoli and bronchi of the lower peripheral lungs of
an asthmatic patient without depositing said drug into a mouth or pharyngeal

cavity or causing other undesirable adverse side effects.

[020] A further object of the invention is to provide a device capable of
delivering an inhalable glucocorticoid composition efficiently to the lower lungs

while minimizing its deposition in other regions of the respiratory system.

[021] A further object of the invention is to provide the combination of a
device and an inhalable glucocorticoid composition which provides for the efficient
delivery of a glucocorticoid to the lower lungs while minimizing its deposition in

other regions of the respiratory system.

[022] Further objects of the invention will become apparent on the basis of

the description and patent claims.
SUMMARY OF THE INVENTION

[0022a} In a first aspect, the present invention provides the use of an
inhalable corticosteroid selected from the group consisting of fluticasone,
beclomethasone dipropionate, budesonide, mometasone furoate, ciclesonide,

flunisolide and triamcinolone acetonide as an aerosol comprising said
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corticosteroid in amount from 400 to 4000 micrograms in the manufacture of a
medicament for treatment of a patient having severe and uncontrollable asthma
requiring a concurrent treatment with oral corticosteroids, wherein said
medicament is to be administered

using a nebulizer device able to administer an aerosolized corticosteroid
into lower lungs with overpressure of 40 mbar or less,

wherein said overpressure results in a larger than 200 micrograms
deposition of said corticosteroid into the lower lungs, and

wherein said medicament results in reduction of 30% or more of oral

steroids requirement and reduction of oropharyngeal side effects.

[0022b] In another aspect, the present invention provides the use of an inhalable
corticosteroid selected from the group consisting of fluticasone, beclomethasone
dipropionate, budesonide, mometasone furoate, ciclesonide, flunisolide and
triamcinolone acetonide as an aerosol comprising said corticosteroid in amount
from 400 to 4000 micrograms in the manufacture of a medicament for treatment of
a patient having severe and uncontrollable asthma requiring a concurrent
treatment with oral corticosteroids, wherein said medicament is to be
administered

during an inspiration time comprising three predefined periods,

wherein in the first period lasting from 1 millisecond to 1
second, an aerosolized particle-free air is to be administered at a preset flow rate
and at a preset volume;

wherein in the second period lasting from 0.1 to 5 seconds, an aerosolized
corticosteroid is to be administered at a preset flow rate and at a preset volume;

wherein in the third period, lasting from 1 millisecond to 10 seconds, an
aerosolized particle-free air is to be administered at a preset flow rate and at a
preset volume;

wherein after the third period, the patient is instructed to stop inhaling

and exhale;
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wherein said protocol is repeated for 6 to 10 minutes or less; and
wherein said medicament results in a larger than 200 micrograms

deposition of said corticosteroid into the lower lungs.

[0022c] In yet another aspect, the present invention provides the use
of an inhalable glucocorticoid composition in the manufacture of a medicament for
the therapy of a patient suffering from severe and uncontrolled asthma, wherein
said composition is to be administered as a nebulised aerosol generated by an
inhalation device, said device being adapted to

(a) emit the nebulised aerosol during the inhalation phase of the patientata
rate of not more than 20 liters per minute;

(b) emit, per inhalation phase, a total volume of 0.4 or more liters of gas
phase, said gas phase including nebulised aerosol and optionally aerosol-free air;
and

(¢) emit, per inhalation phase, not more than 150 milliliters of aerosol-free
air before emitting nebulised aerosol,

wherein said therapy further includes the oral administration of a
glucocorticoid at a daily dose which is not higher than 40 milligrams of

prednisolone or an equipotent dose of another glucocorticoid.

[023] Also disclosed is an inhalable glucocorticoid composition for use in
the therapy of a patient suffering from severe and uncontrolled asthma and an
inhalation device by which the composition is administered as a nebulised aerosol.
The device is adapted for emitting the nebulised aerosol during the inhalation

phase of the patient at a rate of not more
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than about 20 liters per minute. Moreover, it is adapted for emitting, per inhalation
phase, a total volume of at least 0.4 liters and preferably in the range from about
0.4 to about 2 liters of gas phase, said gas phase including the nebulised aerosol and
optionally aerosol-free air. It is further adapted to emit, per inhalation phase, not
more than about 150 milliliters of aerosol-free air before emitting nebulised
aerosol. According to this first aspect, the invention further provides that the
therapy includes the oral administration of a glucocorticoid at a daily dose which is
not higher than about 40 milligrams of prednisolone or an equipotent dose, which
daily dose is herein understood such as to include zero milligrams, i.e. no

concurrent oral glucocorticoid therapy.

[024] Also disclosed is a method for the treatment of severe and
uncontrolled asthma by providing means for increasing efficacy of an inhalable
corticosteroid delivery by delivering large dosages of such inhalable corticosteroid
selectively to alveoli and bronchiole of the lower lungs of a patient without causing
adverse side effects and secondary symptoms by incidental delivery of these

corticosteroid to the oral cavity, throat and upper lungs.

[025] Also disclosed is a method for treatment of severe uncontrollable
asthma by providing means for delivering a larger percentage of dosages of a
corticosteroid selectively to the lower lungs of a patient suffering from severe
uncontrollable asthma and thereby eliminating or significantly reducing a need for

concurrently administered corticosteroids orally or systemically.

[026] Also disclosed is a method for treatment of severe uncontrollable
asthma with completely eliminated or with at least 30% reduced dose of orally
delivered corticosteroid by providing means for treating such severe and
uncontrollable asthma with a high dosage of a corticosteroid delivered as an
aerosol having particle sizes predominantly from about 2 to about 6 pm, by
nebulization using a nebulizing system that applies, during delivery into a patient’s

lungs, an overpressure enabling such delivery in
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less than 6-10 minutes and further resulting in selective delivery and homogeneous
distribution of the corticosteroid in the lower lungs, wherein said nebulizing

system is equipped to have a controlled airflow, and defined volume.

[027] Also disclosed is a method for treatment of severe uncontrolled
asthma with nebulized fluticasone, budesonide, beclomethasone dipropionate,
budesonide, mometasone furoate, ciclesonide, flunisolide or triamcinolone
acetonide wherein the clinical effect is reached without increasing systemic and

local extrathoracic or oropharyngeal side effects.

[028] Also disclosed is a method for treatment of severe uncontrolled
asthma by inhalation of nebulized fluticasone as a representative corticosteroid
administered into lungs via nebulizer with concentration of fluticasone in the
nebulizer being higher than 200 pg/ml, preferably 0.5 - 2 mg/ml, formulated as a
suspension and with total filling dose of fluticasone not exceeding about 4000 pg,
using a nebulizing system that applies overpressure during inhalation and thus
assures selective deposition of more than 200 pg of said corticosteroid into the

lower lungs in less than 6-10 minutes.

[029] Also disclosed is a nebulizing system comprising a device able to
provide an overpressure as well as a controlled air flow during a patient’s
inspiration time to reduce patient breathing effort with pressure at the nebulizer

mouthpiece up to a positive pressure of between 0-40 mbar.

[030] Also disclosed is a method for treatment of severe uncontrollable
asthma by providing a nebulization protocol wherein, during one inspiration time
and under the mean inspiratory flow rate equal to or below 20 I/min, the patient is
subjected to a first volume of 150 m!l or less of particle-free air in a predetermined
time of less than 0.5 sec, followed by a second volume of between about 200 and
about 3000 ml of an aerosol containing an inhalable corticosteroid administered in
a predetermined time from about 1 to about 10 seconds, said aerosol preferably

administered within less than 0.2 sec after the
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start of inspiration, followed by a third volume of between about 100 to about 500
ml of particle-free air, and wherein such protocol results in forcing said inhalable
corticosteroid from the extrathoracic and tracheal airways to be deposited more

selectively into the lower airways.

[031] Also disclosed is a method for treatment of severe uncontrolled
asthma by inhalation of nebulized corticosteroid in an aerosol having particle sizes
predominantly in the range from about 2 to about 6 pm, preferably from about 3 to

about 5 um.

[032] Also disclosed is a method for treatment of severe uncontrollable
asthma by providing means for delivering larger dosages of a corticosteroid once a
day selectively to the lower lungs of a patient thereby eliminate or significantly
reduce a need for concurrently administered corticosteroid orally or systemically
wherein asthma is improved without loss of FEV1 and with diminished adverse

side effects.

[033] Also disclosed is a method for treatment of severe uncontrollable
asthma by providing a nebulization system for individualization of the treatment
wherein said nebulization system comprises a pre-programmable volume for drug
delivery, a pre-programmable air flow delivery, a preprogrammable overpressure,
and may further comprise a compliance monitoring system which allows the
patient and the doctor to see and control frequency of the corticosteroid delivery,
such means being any storage media, a smart card, a chip or a wireless
communication connection that permits evaluation of the treatment during and
after the end of a treatment period and determination of frequency of the

corticosteroid administration.
DEFINITIONS

[034] "Glucocorticoid” means a pharmaceutically acceptable glucocorticoid
compound useful for oral and/or inhalable therapy. As used herein, such compound

may also be referred to as "steroid" or "corticosteroid”.
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[035] “Inhalable corticosteroid” means a corticosteroid that is suitable for
delivery by inhalation. Exemplary inhalable corticosteroids are fluticasone,
beclomethasone, budesonide, mometasone, ciclesonide, flunisolide, triamcinolone
or any other corticosteroid currently available or becoming available in the future.
The name of a glucocorticoid should be understood so as to include any
pharmaceutically useful salts, solvates and physical forms. For example,
"fluticasone” is understood as including fluticasone propionate and fluticasone
furoate. Other salts of interest include beclomethasone dipropionate, mometasone

furoate, and triamcinolone acetonide.

[036] “Oral steroid” means any corticosteroid that is suitable for oral or
systemic treatment of asthma. Representative steroid are prednisone,
prednisolone, methylprednisone, dexamethasone or hydrocortisone, including

their pharmaceutically acceptable salts, solvates, and physical forms.

[0371 “Lower lungs”, “small lungs” or “peripheral lungs” means an area of
the lungs primarily containing bronchi, alveoli and bronchiole, a primary site of
asthmatic inflammation, narrowing and constriction. Large and selective
depositions of an inhalable corticosteroid in this area is eminently desirable and

contributes to an efficacious treatment of severe uncontrolled asthma.

[038] “Upper lungs”, “central lungs” or “large lungs” means an upper area of
lungs containing bronchi and trachea. Large depositions of an inhalable

corticosteroid in this area are undesirable as they lead to adverse effects.

[039] “Oropharyngeal area” or “extrathoracic area” means the oral cavity,
nasal cavity, throat, pharynx and larynx. Any deposition of the inhalable
corticosteroid in these areas is undesirable and leads to development of severe
adverse effect such as hoarseness, loss of voice, laryngitis and candidiasis. It is
preferable that there is no or a very little residual deposition, occurring primarily

during expiration of the inhaled corticosteroid, in this region.
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[040] “One breath” means a period of time when a person inhales
(inspires) and exhales during a regular breathing pattern that includes inhaling and

exhaling.

[041] “Inspiration time” or “inspiration phase” or "inhalation phase” means

the fraction of one breath when a person inhales.

[042] “Expiration time” means a fraction of one breath when a person
exhales the air, nitric oxide or another metabolite from the lungs. For the purposes
of this invention, it is preferable that the aerosolized drug is forced with a slight
overpressure into the lower lungs during inspiration and that it is not exhaled

during expiration time or that only a small portion is exhaled.

[043] “Bolus technigue” means transportation of the corticosteroid aerosol

to a predefined region in the lungs.
[044] “FEV1" means forced expiratory volume in one second.
[045] “VC” means vital capacity.
[046] “ERV” means expiratory resting volume.

[047] “Particle-free air” or "aerosol-free air” means air that does not
contain any nebulised aerosol, or any drug. Such aerosol-free air may be delivered

before and/or after the aerosolized drug.

[048] “Overpressure inhalation” means inhalation with actively provided
air that is preferably predefined in airflow for a predefined time. During inspiration
the patient adjusts to the inspiratory flow rate. If the patient inhales more passively
an overpressure of up to 40 mbar is applied during the inhalation phase to reduce
the inspiratory effort. Consequently, the patient is able to inspire a more deep
inhalation volume and inhale with a slower inspiration flow rate compared to a

spontaneous inhalation.
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[049] "Severe and uncontrolled asthma” or "severe and uncontrollable
asthma” means asthma which is, before or at the initiation of the therapy according
to the invention, severe and/or uncontrolled and/or poorly controlled as classified
according to the Guideline of the Global Initiative for Asthma (GINA), see e.g. Pocket
Guide for Asthma Management and Prevention (updated 2009 by GINA). Practicing
the invention will reduce the severity of the disease and achieve control of
symptoms, therefore it is important not to apply the terms "severe" and
"uncontrolled” or "uncontroliable” to the condition of a patient who has already

undergone a therapy as claimed herein.

[050] "Nebulised aerosol” means an aerosolized liquid. The liquid is
dispersed in a gas phase which is frequently air. The dispersed liquid droplets have

a particle size distribution which is suitable for inhalation therapy.
DETAILED DESCRIPTION OF THE INVENTION

[051] In a first aspect, the invention provides an inhalable glucocorticoid
composition for use in the therapy of a patient suffering from severe and
uncontrolled asthma and an inhalation device by which the composition is
administered as a nebulised aerosol. The device is adapted for emitting the
nebulised aerosol during the inhalation phase of the patient at a rate of not more
than about 20 liters per minute. Moreover, it is adapted for emitting, per inhalation
phase, a total volume which is at least 0.4 liters, and preferably in the range from
about 0.4 to about 2 liters liters of gas phase, said gas phase including the nebulised
aerosol and optionally aerosol-free air. It is further adapted to emit, per inhalation
phase, not more than about 150 milliliters of aerosol-free air before emitting
nebulised aerosol. According to this first aspect, the invention further provides that
the therapy includes the oral administration of a glucocorticoid at a daily dose
which is preferably not higher than about 40 milligrams of prednisolone or an
equipotent dose, which daily dose is herein understood such as to include zero

milligrams, i.e. no concurrent oral glucocorticoid therapy.
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[052] The inhalable glucocorticoid composition comprises a
pharmaceutically acceptable glucocorticoid in a liquid formulation suitable for
being delivered as a nebulised aerosol. Several compositions which are appropriate
for this purpose are known and available for therapy. These compositions are
typically aqueous solutions or suspensions comprising a glucocorticoid compound
such as fluticasone propionate, budesonide, beclomethasone dipropionate,
ciclesonide, flunisolide, mometasone furpate, or triamcinolone acetonide. The
strength of the compositions depends on the active ingredient. Examples for
suitable strengths include 0.25/ml or 1 mg/ml for fluticasone propionate, 0.4
mg/ml for beclomethasone dipropionate, and G.ZS-mg/ml or 0.5 mg/mi for

budesonide. However, higher or lower strengths may also be useful.

[053] The dose of the glucocorticoid to be filled into the inhalation device
should normally be in the range from about 400 micrograms to about 4,000
micrograms. However, depending on the severity of the condition, the status of the
patient and the selected glucocorticosteroid, the dose may also be higher or lower
than this range. The dose may also be selected within the ranges typically referred
to as "medium daily dose” or "high daily dose", taking the number of dosings per

day into consideration.

[054] The inhalable composition and the inhalation device according to the
invention are to be used for the treatment of patients who, before the claimed
therapy is conducted, suffer from severe and uncontrolled asthma. For these
patients, the concurrent therapy with an orally administered glucocorticoid is
typically indicated. Within this context, concurrent therapy means the
administration of an oral glucocorticoid composition on at least days during the
course of the therapy. For the avoidance of doubt, concurrent therapy does not
require that the oral co-medication is administered at the same time when the

inhalable composition is administered.

[055] The orally administered glucocorticoid, if any, may for example be

selected from the group of hydrocortisone, dexamethasone, prednisone,
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prednisolone, and methylprednisolone. This glucocorticoid may be given once a
day or divided into several doses per day. The daily dose of the orally administered
glucocorticoid is only low or moderate. According to the invention, the dose is not
more than about 40 milligrams of prednisolone, or an equipotent dose of another
glucocorticoid. For the avoidance of doubt, the dose may and will often be higher
before and at initiation of a course of therapy according to the present invention.
During the therapy as defined in claim 1, however, the dose of the orally
administered glucocorticoid is reduced to not more than about 40 milligrams of
prednisolone per day, or an equipotent dose of another glucocorticoid. Preferably,
the daily dose is reduced to not more than about 30 mg or not more than about 25
mg of prednisolone per day, or not more than about 20 mg of prednisolone per day,
such as about 0 to 20 mg per day, or an equipotent dose range if another

glucocorticoid is used.

[056] Inafurther preferred embodiment, the initial daily dose of the orally
administered glucocorticoid is reduced during the course of therapy by at least
about 20%, and more preferably by at least about 30%. In a further embodiment,
the dose is decreased to zero, either gradually during the course of therapy, or
immediately as the patient is switched from conventional therapy to the therapy of
the invention. The great benefit of a reduced oral glucocorticoid dose liesin a
substantial reduction of adverse effects as associated with systemic glucocorticoids,
such as immunosuppression, hyperglycemia, increased skin fragility, negative
calcium balance due to reduced intestinal calcium absorption, osteoporosis and
reduced bone density, weight gain due to increased visceral and truncal fat

deposition, adrenal insufficiency, proteolysis etc.

[057] Equipotent doses of other orally administered glucocorticoids may
be easily calculated based on e.g. Knoben JE, Anderson PO., Handbook of Clinical
Drug Datg, 6th ed. According to this source, as well as other handbooks, the

following doses of glucocorticoids are approximately equipotent with respect to
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their giucowrticoid effects: Cortisone 100 mg; hydrocortisone 80 mg; prednisone

20 mg; prednisolone 20 mg; methylprednisolone 16 mg; dexamethasone 2 mg,

[058] The inhalation device is adapted to emit, or deliver to the patient via
a mouthpiece, the nebulised aerosol at a low flow rate {(or output rate). Such low
inspirational flow rate is advantageous as it reduces the fraction of aerosol droplets
which are deposited in the upper airways, thus increasing the fraction of aerosol
which is actually delivered to the deep lungs. According to the invention, the flow
rate is restricted to not more than about 20 liters per minute. More preferably, the
flow rate i{s not more than about 300 milliliters per second, or not more than about
250 milliliters per second, such as about 200 milliliters per second. This is in
contrast to conventional breathing patterns by which patients often inhale
nebulised aerosols at inspirational flow rates of 500 milliliters per second or more.

Preferably, the device emits the aerosol only during the inhalation phase.

[059] The inhalation device may also be adapted to emit aerosol-free air
during the inhalation phase. This air may be emitted before and/or after the
nebulised aerosol. However, according to the invention, the volume of aerosol-free
air emitted before the aerosol is delivered must be kept relatively low. It should not
be higher than about 150 milliliters. In a further embodiment, the volume of
aerosol-free air emitted before the aerosol not more than 100 milliliters. The
beneficial effect of this restriction is that the medicated aerosol which is delivered

early during the inhalation phase has a higher chance for reaching the deep lungs.

[060] The total volume of gas phase emitted by the inhalation device
adapted according to the invention is considerably higher than the volume which
patients'would normally inhale intuitively. The total volume is atleast about 0.4
liters, and preferably in the range from about 0.4 to about 2 liters, in particular
from about 0.4 to about 1.4 liters. For patients having very large lung volumes,

higher total gas phase volumes may aiso be used.
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[061] Preferably, the total volume of emitted gas phase is selected
individually per patient on the basis of the patient's functional lung parameters as
determined prior to or at the time of initiating the therapy of the invention. For
example, the selected total volume may be based on the patient's inhalation {or
inspiratory) capacity (IC). In a preferred embodiment, the total volume is at least
about 40% of the patient’s inhalation capacity. More preferably, it is in the range
from about 40% to about 110% of the patient's inhalation capacity, in particular
from about 40% to about 70% for patients having an inhalation capacity of at least
about 1.2 liters and from about 50% to about 110% for patients having an
inhalation capacity of less than about 1.2 liters. For a patient with an inhalation
capacity of about 0.6 liters or less, the total volume is preferably selected to be at

least about 65% of the inhalation capacity, such as about 70% to about 110%.

[062] The total volume of emitted gas phase per inhalation phase may also
be selected on the basis of the forced expiratory volume exhaled in one second
(FEV1) and its deviation from the predicted FEV1 value, using appropriated normal
values for the person’s gender, age and height. The smaller the actual FEV1
compared to the predicted FEV1, the greater is the severity of the asthma. For
example, for a patient exhibiting an FEV1 which is at least about 80% of the
predicted FEV1, the total volume of emitted gas phase should preferably be
selected in the range from about 45% to about 75% of the actual FEV1, in
particular from about 50% to about 70%. On the other hand, for a patient whose
actual FEV1 value is about 50% to about 80% of the predicted FEV1, the total
volume of emitted gas phase should preferably be selected in the range from about
50% to about 90%, in particular from about 55% to about 85% of the actual FEV1.
If the patient's actual FEV1 value is from about 30% to about 50% of the predicted
FEV1, the total volume of emitted gas phase should preferably be selected in the '
range from about 65% to about 110%, and particularly from about 70% to about
105% of the actual FEV1 value, If the patient is severely affected and his FEV1 is
less than about 309% of the predicted FEV1 value, the total volume of emitted gas

phase should preferably be selected in the range from about 75% to about 170%,
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and in particular from about 80% to about 160%, or from about 120 to about 160%
of the actual FEV1.

[063] As mentioned, the inhalation device may be configured to emit not
only the nebulised aerosol, but also aerosol-free air. In a specific embodiment, the
inhalation phase may be divided into three consecutive phases: a first phase in
which the inhalation device emits a small amount of aerosol-free air; a second
phase in which the device delivers the nebulised aerosol; and a third phase in
which again a volume of aerosol-free air is emitted. The volume of the aerosol-free
air emitted in this third phase may be, for example, in the range of 200 to 500

milliliters.

[064] The volume of the nebulised aerosol itself which is delivered by the
device may be selected taking into account the specific glucocorticoid, the strength
of the composition, and the patient. In one of the preferred embodiments, this

volume is in the range from about 200 to about 3,000 milliliters.

[065] The inhalation device is further adapted to deliver an aerosol having
an optimal particle size distribution for homogenous deposition in the lower lungs
to prevent high losses of drug in the oropharynx as well as losses in the upper
airways. The invention therefore provides for an aerosol having sizes of aerosolized
particles corresponding substantially to a size of the alveoli and bronchiole. A
suitable particle size for targeting the alveoli and bronchiole is between 2 and &
micrometers. Particles larger than that are selectively deposited in the upper lungs,
namely bronchi and trachea and in the mouth and throat, i.e. oropharyngeal area.
Accordingly, the inhalation device is adapted to produce an aerosol having a mass
median aerodynamic diameter (MMAD) in the range from about 2 to about 6
micrometers, and preferably in the range from about 3 to about 5 micrometers. In a

further embodiment, the particle size distribution is narrow and has a geometric

standard deviation (GSD) of less than about 2.5.
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[066] Accordingto a further preferred embodiment, the device is adapted
such as to emit the nebulised aerosol during the inhalation phase of the patient at
an overpressure of up to about 40 mbar. Moreover, it is preferred that the patient
performs the inhalation in such a way that an overpressure (or positive pressure)
of the aerosol is maintained. Preferably, the overpressure is at least about 1 mbar.
In further embodiments, the overpressure is at least about 2 mbar, 3 mbar, and 5
mbar, respectively. Such overpressure is typically achieved with a compressor or
pump unit attached to the nebulizing device where such unit is optionally further
equipped with a timer so that the overpressure period is limited strictly to a
fraction of the inspiration time when the corticosteroid is delivered. In another
embodiment, the overpressure is initiated by a patient’s inspiration time breathing.
When the patient inspires with overpressure, the patient’s breathing effort is
reduced. Consequently, patients with severe asthma are able to perform a deeper
and slower breathing pattern, compared to spontaneous inhalation without

overpressure.

[067] During inhalation, the device is adapted to provide a slight
overpressure to the aerosol to allow preferable deposition of the aerosolized drug
into the deep lung and prevent its removal during expiration. During expiration, the
overpressure is not applied and the patient exhales normally, without any airflow

or pressure heing applied.

[068] Ina further embodiment, the inhalation device is adapted to emit gas
phase - including the nebulised aerosol - only after breath actuation by the patient.
Breath actuation may by achieved by incorporating a pressure sensor into the
device which is capable of detecting the slight underpressure which is caused when
a patient initiates the inhalation phase by contracting the diaphragm, which results

in the expansion of the intrapleural space causing an increase in negative pressure.

[069] As mentioned, the current invention also relates to a method for
treatment of severe and uncontrollable asthma by providing a means for delivery of

high doses of a suitable inhalable corticosteroid directly to the small airways of the
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lower lungs without need for simultaneous administration of oral corticosteroids
or with decreased need for such simultaneous administration of oral
corticosteroids. The method significantly increases delivery of the aerosolized
corticosterocid into the alveoli and bronchioles of the lower peripheral lungs and
decreases deposition of the corticosteroid into the bronchi and trachea of the upper
lungs as well as in an oropharyngeal area and thereby significantly decreases or
completely eliminates undesirable secondary symptoms. The method utilizes
devices allowing individualization of a delivered volumetric flow and vaporized
aerosol together with a controlled airflow and with airflow overpressure

conditions in asthmatic patients with compromised breathing pattern.

[070] Asthma is a chronic inflammation of the bronchial tubes of airways
that causes swelling, bronchial narrowing and constriction. As a consequence,
patients suffering from asthma have difficulty breathing. The bronchial swelling,
narrowing and constriction is generally treated with oral or inhalable drugs,
preferably with inhalable steroids, such as fluticasone, budesonide,
beclomethasone, mometasone, ciclesonide, flunisolide, triamcinolone acetonide

and any other corticosteroid suitable for inhalation therapy.

[071] A mild form of asthma may be easily controlled and treated with a
great variety of oral, systemic or inhalation therapies. Severe forms of asthma are
characterized with a heightened bronchial hyper-reactivity and with other chronic
symptoms. Treatments for the individuals suffering from the severe uncontrollable

asthma are very difficult and complex.

[072] The currently available treatments for asthma are largely dependent
on the severity of the disease. In most cases, these treatments involve
administration of steroids, whether orally administered corticosteroids (OCS), such
as prednisone or prednisclone, or inhalable corticosteroids (ICS), such as
fluticasone, beclomethasone, budesonide, mometasone, ciclesonide, flunisolide or
triamcinolone acetonide in a therapeutic dose. These treatments may be, in some

cases, supplemented with other drugs, such as, for example, bronchodilators as
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B-agonists. Since the orally or otherwise systemically delivered corticosteroids
cause rather severe side effects and secondary symptoms in the patients and their
systemic delivery affects the whole body, the corticosteroids locally administered

by inhalation are highly preferred as a current treatment for asthma.

[073] The moderate and more severe asthma patients, including the
pediatric and geriatric asthma population, are frequently treated with nebulized
inhalable corticosteroids using jet or ultrasonic nebulizers. These nebulizers
typically deliver a filling volume of 1 or 2 ml of liquid solutions or suspensions
containing about 200 micrograms of inhalable corticosteroids and maximum up to
2000 micrograms. [nhalable corticosteroids are also delivered by metered dose
inhalers (MDI) and dry powder inhalers (DPI), at nominal doses at around 100

micrograms. These doses are mostly sufficient for treatment of mild forms of

~ asthma where the quantity of the delivered dose is not critical for ameliorating

asthmatic symptoms.

[074] For severe asthmatic forms, however, the quantity of the dose
delivered to the site of the asthmatic inflammation is often critical and decisive of
the successful treatment. The currently recommended nominal doses for
efficacious treatment of severe asthma range between 400 and 1600 ug. The
amounts deposited at a site of inflammation, in alveoli and bronchioles of the lower
lungs, are in the order of 10-25%, but mostly in the order of 10-15% of the above
nominal dose, resulting in a maximum deposited lung dose of 250 micrograms. It
would be an advantage to deliver and deposit between 400 and 800 micrograms in

the lungs and mostly in the lung periphery.

[075] Unfortunately, due to their inefficiency, none of the currently
available nebulizing system is able to deliver such a dose into the lower lungs
without causing serious adverse reactions. In the case of suspension formulations,
the currently available nebulizers typically deliver only about 5% and up to
maximum of 109% of the total dose of the corticosteroid placed in the nebulizer.

Since corticosteroid suspensions are difficult to nebulize, much of the drug
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remains in the nebulizer. Therefore, the efficiency of nebulizers for delivering
corticosteroid suspensions is much lower compared to inhalation solutions.
Additionally, many other disadvantages are observed with currently available
treatments, particularly as those treatments concern a treatment of severe and

uncontrollable asthma.

[076] Primary disadvantages of the currently available treatments with
steroids are connected with the pharmacological effects of steroids, particularly
when delivered orally or systemically and not directly to a targeted organ needing
such treatment. Such oral or other systemic administration of steroids affects the
whole body with targeted organ receiving only small amounts of the administered
drug. This, of course, results in a need for administration of large doses of the
steroids. Because of the overall pharmacological effect of orally and systemically
delivered steroids, a targeted topical administration would seem to be a more
preferred route of steroid administration. However, such targeted topical delivery

of steroids by inhalation is also not without problems.

[077] The currently used nebulizers typically deliver only a fraction of a
total dose placed into the nebulizer. Thus, for example, from a total dose of 2000
micrograms placed into the nebulizer before aerosolization, only about 5-10% of
the total dose may actually be deposited at a site of the asthmatic inflammation in
the alveoli and bronchiole of the lower lungs and therefore the actual deposited
dose at such site is only about 100 to 200 micrograms. This dose may be
insufficient to treat severe asthma. The remaining 90-95%, that is 1800-1900
micrograms, of the drug is either deposited in the upper lungs, or in the
oropharyngeal area (causing oropharyngeal side effects, such as candida infection
or hoarseness), or it is exhaled or it remains in the nebulizer and is wasted. The
amount of drug deposited in other sites of the respiratory system than the deep
lungs may lead to undesired effects such as hoarseness, alteration of voice,

laryngitis, candidiasis and irritation of the upper lungs and oropharyngeal area.
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[078] Normally, the inhaled steroid dose filled into the device cannot be
simply increased above 2000 micrograms when using conventional nebulizers,
because of the severe side effects such as candidiasis, soreness, hoarseness,
laryngitis or voice alteration, which are sometimes observed even after low or
moderate doses of inhalable corticostersids. Again, the reason for this is the high
mouth and throat deposition of the corticosteroid with the currently used

inhalation systems.

[079] A further disadvantage of the currently available treatment lies in
many patients’ lack of compliance with a proper nebulizer use. The inhalation
devices which are currently used and available will often deposit only up to 200
micrograms in the deep lungs, but only when the patients inhale appropriately. It is
well known that only a few of the patients use an inhalation device correctly.
Commonly observed mistakes by the patients during an inhalation maneuver are:
breathing is too fast, breathing is too shallow or the breathing is not coordinated.
When the patient breathes too fast, inhalation flow rate results in extremely high
drug deposition in the back of the throat and the larynx, with almost no drug
deposition in the deep lungs. When the patient’s breathing is too shallow, a
shallow breath takes on only a small inhalation volume that cannot transport the
aerosolized drug particles deep into the lungs thereby resulting in minimal deep
lung deposition. When the breathing is not well coordinated, for example when the
aerosol production and the inspiration phase of a patient are not in line, much of
the emitted aerosol is not even inhaled. Moreover, some patients only take the drug
when asthmatic symptoms occur and not continuously in a controllable manner.
Patients with a poor breathing maneuver rarely profit from the inhalation therapy,
because they generally do not get a sufficient amounts of the drug into the lungs.
Since these patients also have more side effects caused by the high extrathoracic
deposition, an abortion of and withdrawal from inhaled corticosteroid therapy is
more likely. Such patients may be required to take oral steroids and, accordingly,

become adversely affected by the known side effects of systemic corticosteroids.
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[080} The method for treatment of asthma, particularly severe and
uncontrollable asthma according to the current invention provides several
advantages over the currently available treatments. In a first aspect, the method
allows the deposition of high doses of inhalable corticosteroids in the lower lungs
of patients, without increasing corticosteroid deposition in the mouth, throat and
lower lungs and provides for the drug aerosolized particles to be deposited deep
into the lungs during breathing. The method provides an aerosol having the
optimal particle sizes for homogenous deposition of the drug in the lower lungs
that prevents high losses of drug in the oropharynx. During the inhalation, the
nebulizer provides a slight overpressure during delivery of the aerosol to allow
preferable deposition of the aerosolized drug into the deep lung and prevent

exhalation of aerosol during the exhalation phase.

[081] In a specific embodiment, the method defines a partition of one
breath into two fractions, namely an inspiration time and expiration time wherein
during the inspiration time a so called bolus technique is used to transport the drug
containing aerosol to a predefined region in the lungs and, during the expiration
time, to exhale a minimum of the drug from the lungs at end of the breath. The
method of the invention results in a high deposition of between 400 and 1000
micrograms of the total 2000-4000 micrograms of corticosteroid drug filled in the
nebulizer into the lower lungs of the patient in less than 6 to 10 minutes, in average,
and permits decreasing or eliminating the need for a concurrent administration of

orally administered steroid.

[082] The method enables the deposition of a 2-4 times higher percentage
of the total drug placed in the nebulizer in the lower lungs than previously possible.
When the conventional methods achieved depeosition of only about 200
micrograms of the corticosteroid in the patient’s lung from the total dose of 2000
micrograms supplied to the nebulizer, the current method achieves between 400
and 1000 microgram deposition, preferentially in the lower lungs. Moreover, such

dose is sufficient for replacing a twice daily dosing with 2000 mg of the
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corticosteroid with once daily dose of the 2000 micrograms, or with a twice daily
dose of 1000-2000 micrograms to achieve amelioration of severe asthmatic
symptoms, Additionally, the amount of the corticosteroid in the lower Iungs is
significantly larger compared to the amount of corticosteroid deposited in the

upper lungs and particularly in oropharyngeal area.

[083]7 The method allows deposition of the larger amount of the
corticosteroid in the lungs without many undesirable adverse effects previously
observed with administration of lower amounts of the drug in the lower peripheral
lungs. The previously observed side effects, such as hoarseness, soreness, loss of
voice, laryngitis or candidiasis due to the deposition of large amounts of the
corticosteroid in the mouth and throat are suppressed or not observed with the

current method.

[084] In afurther embodiment, the method defines a partition of one
breath into two fractions, namely an inspiration time and expiration time wherein
during the inspiration time a bolus technique is used to transport the drug
containing aerosol to a predefined region in the lungs and, during the expiration
time, to expire a minimum of the drug from the upper lungs and from
oropharyngeal area. In a further embodiment, the inspiration time may be further
divided into subfractions where the particle-free air is delivered both before and

after the aerosol.

[085] Per drug amount deposited in the lungs, the method provides for
shorter delivery or administration times than conventional nebulizers. Typically,
the delivery of the 200 micrograms of the corticosteroid would take between 5 to
20 minutes using a conventional jet nebulizer. The current method provides for a
deposition of more than 400 micrograms in the lungs in less than 10 minutes,

preferably in less than 6 minutes.

[086] The method of the invention permits weaning of the asthmatic

patient from the oral corticosteroids. With improved local delivery of the drug to
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the lower lungs in 2-4 times higher doses achieved with once daily administration,
the patients are able to withdraw from oral corticosteroids treatment within a
period of about two to about five weeks, during which time the oral dose of the
corticosteroids is slowly decreased. Moreover, such withdrawal is possible without
decrease in FEV1 and in some instances with actual increase of the FEV1 and
without significant adverse reactions. This is particularly true when the used
corticosteroid is fluticasone administered at a daily dose of 2000 micrograms.
Typically, the degree and onset of asthma improvement is observed within 2-5
weeks of therapy. Such improvement may occur without necessity of oral
corticosteroid and often results also in improved pulmonary functions such as

increased FEV1 and with decreased inflammation.

[087] The protocol for a therapy of severe asthma according to the
invention may, for example, include several steps. First, the patient may be
evaluated to determine the severity of the asthma under Global Initiative for
Asthma (GINA) guidelines. Asthmatics with severe and uncontrolled asthma are
classified as step IV or step V, described as a serious chronic condition often with
exacerbation. Oral corticoid dose (0OCS), asthma control, exacacerbations, FEVI,
exhaled nitric oxide, vital capacity and other pulmonary functions are measured

and recorded.

[088] Subsequently, a mode and regimen of the treatment may be
determined. Such mode may involve an initial combination of the inhalable and oral
treatment with corticosteroids and optionally in combination with bronchodilators
as B2-agonists or other drugs, as appropriate. For example, the patient may be
treated with up to 150 mg of prednisone or prednisolone per day. The regimen for
the treatment involves determination of an appropriate inhalable corticosteroid,
appropriate daily dose and appropriate daily delivery once, twice or in rare
circumstances, three times per day. For patient’s convenience and practicality, once
daily (QD) delivery is most preferable and may result in better compliance than an

administration twice a day (BID) or three times per day {TID).
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[089] Once the mode and regimen of the treatment is determined, an
appropriate inhalation device capable of carrying out the invention and an

appropriate inhalation procedure is selected.

[090] A patient may then be treated once daily, in some instances twice
daily, with more than 200 up to 4000 micrograms of an inhalable corticosteroid,
depending on the selected inhalable corticosteroid. The inhalable corticosteroid
may be selected from the group consisting of fluticasone, flunisolide,
beclomethasone dipropionate, budesonide, mometasone furoate, ciclesonide and
triamcinolone acetonide. In one of the preferred embodiments, 2000 microgram of
fluticasone propionate are administered once or twice per day using an inhalation
device capable of, and adapted to, emitting an aerosol in the manner specified in
the patent claims. A useful device which is capable of being adapted such as to carry
out the invention is the AKITA inhalation system which can control the breathing
pattern of a patient during administration. Depending on their specific
configuration, other inhalation systems capable of generating a nebulised aerosol,

in particular breath-activated nebulisers, may also be used.

[091] While the exact efficacious dose for treatment of severe asthma for
each inhalable corticosteroid may not be known, it is likely that the effective
deposited dose for severe asthma is >400 micrograms, and even more likely in the
range of about 600-1000 micrograms. In a specific embodiment, the concurrent
treatment with oral corticosteroids is continued but is gradually decreased to doses
lowered by at least 30% of the initial oral dose or eliminated altogether. Typically,
such decrease occurs within 2-3 weeks. Complete elimination of the steroid may

happen in 3-5 weeks, but it may also take longer.

[092] Treatment may continue daily and the patient may be periodically
evaluated for pulmonary functions including FEV1. Every time the patient's
pulmonary functions are stabilized with an initial oral dose of the steroid, the oral
dose of the steroid may be lowered and maintained until patient’s pulmonary

functions are again stabilized. This process may continue until the patient is
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weaned from the oral corticosteroid completely or until the patient is stabilized at
certain low level of oral corticosteroid. Typically, the oral dose of the steroid is
decreased by at least 20%, and often by at least 30% of the initial dose. If
appropriate in view of the progress of the patient, it is preferably completely

eliminated.

[093] The selected corticosteroid in the predetermined amount is placed
into the inhalation device, such as the nebuliser component of the AKITA system.
For example, 2000 micrograms of fluticasone may be loaded in form of an aqueous
suspension or solution whose volume is typically in the range of 1 to 5 ml
Fluticasone is typically available as a suspension, and exhibits a steroid
concentration of about 1 mg/mL. In the case other AKITA system, the nebulizer is
directly connected with the mouthpiece that is further equipped with a pressure
sensor and connected with a compressor. Inhalation period (inspiration time) may
be presetto a patt&rr)lccomfortabie for a patient, for example, from 1 to about 10,

preferably about 3-4 seconds of inspiration time.

[094] When the patient inhales from the mouthpiece, the pressure sensor
responds and starts inhalation by providing a positive overpressure or opening of
an inspiration valve. The nebulizer or aerosol system is supplied with compressed
air overpressure of up to 40 mbar and the corticosteroid is aerosolized and
discharged as a corticosteroid containing aerosol at a preselected flow rate and
with preselected overpressure. The overpressure lasts for the entire inspiration
time. When the inspiration time is preselected, the overpressure is automatically
stopped or shut off because the compressed air supply is interrupted at the end of
the inspiration time. After a period allocated for exhaling, the process is repeated
on and off for the entire period of inhalation, preferably for less than 6 minutes.
During the inhalation time, the whole dose is preferably aerosolized with some
residue remaining in the nebulizer. The nebulizer can be a liquid or dry powder

aerosol system.
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[095] When this method of delivery is selected, during the inspiration time
the aerosolized corticosteroid is forced under the overpressure into the lower
lungs. When the overpressure is withdrawn and the patient exhales, the drug
forced into the lower lungs is not easily displaced and remains there resulting in
substantially higher deposition of the drug in the peripheral lungs than would
happen with a normal breathing without overpressure. During the exhalation time,
the small amount of the drug that is exhaled is the one that was in the upper lungs
at the last moment of the inspiration time. Some fraction of this small amount may
be deposited in the upper lungs or oropharyngeal area but most of the drug is

exhaled to the outside of the mouth.

[096] When the above treatment was performed on more then one
hundred patients with inhalable fluticasone (2000 pg), administered once a day for
22 days, as described in Example 1, such treatment resulted in significant
improvement of FEV1 by approximately 17% with simultaneous reduction in oral
corticosteroid use by approximately 33%. Additionally, pulmonary inflammation,

measured by exhaled nitric oxide, was reduced by approximately 44.5%..

[097] In apreferred embodiment, a method for treatment of a patient
suffering severe and uncontrollable asthma and requiring a concurrent treatment
with oral corticosteroids comprises administering to an asthmatic patient an
inhalable treatment comprising administration of an inhalable corticosteroid
selected from the group consisting of {fluticasone, beclomethasone dipropionate,
budesonide, mometasone furcate, ciclesonide, flunisolide and triamcinolone
acetonide and delivered as an aerosol containing the selected corticosteroid in
amount from about 400 to about 4000 micrograms, where the aerosol is generated
by a nebulizer device able to administer an aerosolized corticosteroid into lower
lungs with a slight overpressure of maximum of 40 mbar or less, wherein such
overpressure forces the aerosol into the lower lungs and results in depaosition of
more than 200 micrograms deposition of the corticosteroid into the lower lungs.

This treatment further results in reduction of a need for concurrent treatment with
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oral steroid by at least 30%, in improvement of pulmonary functions and in

reduction or elimination of oropharyngeal side effects.

[098] In another embodiment, a selected corticosteroid is fluticasone
administered in amount of about 4000 micrograms resulting in deposition of more
then 200 micrograms in the lower lungs and preferably in the lung deposition
larger than 400 micrograms. In another embodiment, the requirement for
concurrent treatment with oral steroids is completely eliminated in about 2 to 5
weeks and such treatment results in improvement of asthma symptoms, in increase
of the FEV1 evidencing an improvement of pulmonary functions and in reduction of

lung inflammation.

[099] Another embodiment involves use of a nebulizing system that is
actuated by patient's breathing and the breath actuated nebulizer is used or an
inhalation system for control of breathing pattern, known as AKITA inhalation
system and device. In another embodiment, the method provides for inhalation
treatment administered once, twice or three times a day, preferably only once a day
with all benefits for asthma improvement. In another embodiment, the method
shortens time for delivery and the inhalation treatment is accomplished in less than

6 and maximum up to 10 minutes.

{0100] In another embodiment, the aerosol is provided that has a particie
sizes primarily within a range of alveoli, bronchiole or bronchi with aerosol having
particle sizes from about 2 to about 6 microns MMAD, preferably particle size from

about 3 to about 5 microns MMAD.,

[0101] Using a nebulizer system such as the AKITA device, the selected
corticosteroid in the predetermined amount and volume is placed into the drug
cartridge connected with a nebulizing device that also includes the mouthpiece and
a spirometer. The predefined volume of aerosoclized particles is delivered into the
flow path through which the patient is inhaling. Inhalation time is preset to

comprise a three predefined periods. The first predefined time period is for
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delivery of aerosol particle-free air into the lungs at a flow rate that is also preset.
The second predefined period is for delivery of a predefined volume of aerosolized
particles of the corticosteroid, also at a preset flow rate. The third predefined
period is for delivery of the second predefined time period of particle-free air.
Optionally, the first time period can also be set to zero seconds, meaning that the
aerosolization will start immediately. During the inhalation, patient is instructed to
begin inhalation and during each inspiration time, the three (or two)
predetermined periods are repeated. At the end of the second particle free period,
that is after the third predefined period, a patient is instructed to stop inhaling and
exhale. The reason for the second predefined time period of aerosol particle free
air delivery into the lungs at a flow rate within the preset flow rate range is to move
the aerosolized particles out of the upper airway region, In that way the upper
airway region (mouth, throat, oropharyny, larynx and trachea) is emptied from

remaining aerosol particles and the deposition of the drug in this region is reduced.

[0102] The method may also comprise a step of detecting when the subject
is inhaling through the flow path and may further comprise steps of measuring and
adapting the first, the second and the third predefined time period and/or the

predefined volume of aerosolized particles to patient’s heaith parameters.

[0103] The method may involve a step of determining optimal time intervals
for administration of the first particle-free air, for administration of an aerosolized
inhalable corticosteroid and for administration of the second particle-free air,
wherein the cumulative time for these three time intervals correspond to one
inspiration time. The time for each of the interval corresponds to from about 1
millisecond to about 10 sec, preferably from about 200 millisecond to about 5
seconds and may be the same or different for each interval. The flow rate is a
predetermined fixed flow rate, wherein the first predefined particle-free air volume
is up to about 0.15 liters, the predefined volume of aerosolized particles is up to
about 3 liters and the second predefined particle-free air volume is up to about 0.5

liters. The nebulizer used for this method should be equipped to detect when the



15

WO 2010/089330 PCT/EP2010/051321

30

subject is inhaling through the flow path and prevent flow through the flow path

after providing the second predefined time period of aerosol particle-free air.

{0104] In a further embodiment, the invention concerns a method for
freatment of a patient having severe and uncontrollable asthma requiring a
concurrent treatment with oral corticosteroids and comprises a treatment protocol
where a patient is treated with an aerosol comprising an inhalable corticosteroid
selected from the group consisting of fluticasone, fluticasone propionate,
beclomethasone dipropionate, budesonide, mometasone furoate, ciclesonide,
flunisolide and triamcinolone acetonide in amount from about 400 to about 4000
micrograms. The treatment protocol is set on one inspiration time divided into
three predefined periods when the aerosol is administered in the second period.
The three periods last from about 1 millisecond to about 10 seconds, preferably the
first period lasts from 1 millisecond to about 1 second, the second period lasts from
about 0.1 to about 10 seconds and the third period lasts from about 0.1 to about 5
seconds. An aerosolized particle-free air is administered at a preset flow rate and a
preset volume during the first period, followed by a second period when an
aerosolized corticosteroid is administered at a preset flow rate and a preset volume
and is followed by a third period when, again, an aerosolized particle-free air is
administered at a preset flow rate and a preset volume to clean the extrathoracic
and tracheal airways of the corticosteroid and to force it deeper into the lungs.
After the third period, the patient is instructed to stop inhaling and exhale. This
protocol is repeated for about 6 to about 10 minutes or less, typically until a
sufficient amount of the corticosteroid, that is larger than 200 micrograms, is

nebulized and delivered into the lower lungs.

[0105] In a further embodiment, the preset inspirational flow rate and is
equal to or lower than 20 liters/minute. In yet another embodiment, the preset
flow rate is from about 3 to about 6 liters per minute and the aerosolized
particle-free air administered in the first period is administered at a preset volume

of less then 150 mi in about a half a second time, the corticosteroid aerosol
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administered in the second period is administered at a volume of from about 200 to
about 3000 ml or in a preset time of from 1 to about 10 seconds and the aerosolized
particie-free air administered in the third period is administered at a preset volume

from about 200 to about 500 ml in about 0.3 to about 3.5 seconds time.

[0106] In another embodiment, the method involves a reduction of oral
corticosteroids requirement by at least 30% or in a complete elimination for an
orally administered corticosteroid, still resulting in improvement of asthma
symptoms, in improvement of pulmonary functions determined by the FEV1
increase, in reduction of a lung inflammation and in overall reduction of

oropharyngeal side effects.

[0107] In another embodiment, the selected corticosteroid is fluticasone
administered in amount of about 200 micrograms once a day resulting in the lower
lung deposition of fluticasone larger than 400 micrograms. In another embodiment,
the aerosol administered during the inspiration time and comprising three
predefined periods is generated by breath actuated nebulizer. In another
embodiment the treatment protocol as outlined above is repeated once, twice or
three times a day, the treatment is accomplished in less than 6 to 10 minutes. In
another embodiment, the aerosol has predetermined size of particles from about 2

to about 6 microns MMAD and preferably from about 3 to about 5 microns MMAD.

[0108] One inhalation system that is suitable for practicing the current
invention is an inhalation system that comprises a compressor-driven jet nebulizer
that controls the patient’s breathing pattern during the inspiration phase. This
system is highly effective for inhalation therapy requiring deposition of the aerosol
into the lower lungs. During the inhalation, the system controls number of breaths,
flow rate and inspirational volume. This ability to control these three parameters

assure that the patient is given a correct dose.

[0109] The inhalation system or device may further comprise an electronic

means for storing an individualized treatment protocol. The treatment protocol
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may include such parameters as individual's lung function measurements, optimum
breathing pattern, desired drug dose to maintain or restore patients vital capacity
(V(), expiratory resting volume (ERV} and forced expiratory volume per one
second {FEV1). These parameters may be individualized and stored on an
appropriate storage means, such as the so-called Smart Card, which may also be
used to transfer this information to the inhalation system during treatment and to
record and store the information on how every aerosol administration was carried

such as to reveal possible procedural errors.

[{0110] The Smart Card system may hold more than one treatment
configuration and is fully encrypted. The Smart Card system is disclosed in the
co-pending US patent application 2001/0037806 A1, published on November 8,
2001, herein incorporated by reference in its entirety. An appropriate nebulizing

system is disclosed in the US patent 6,606,989, herein incorporated by reference.

[0111] A similar but modified inhalation system further comprises, as a core
element, a circular perforated membrane, that may be set to vibrate by a
piezo-electric actuator. The vibrating motion of the membrane generates an
alternating pressure that forces the nebulizing solution through a microarray of
perforation in the membrane thus creating a fine aerosol having defined particle
sizes, This system may similarly equipped with electronic means comprising the
Smart Card, as described above. This system is known under the trade name
AKITAZ APIXNEB Inhalation System.

[0112] Another modification of the inhalation system that can be used for
practicing the current invention is the nebulizer that is triggered by the negative
frigger pressure detected by a pressure sensor. This nebulizer comprises a
compressor that provides a constant inhalation flow rate of 12 liters/minute during
inspiration. This system has controlled flow, volume and nebulization timing, The
Smart Card settings include inhalation volume, inhalation time per breath,
nebulization time per one breath. This system is known under the trade name

AKITA JET Inhalation System. Other inhalation devices and systems that may be
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conveniently used or modified for use by the current invention are disclosed in the
US patents 6,401,710 B1, 6,463,929 B1, 6,571,791 B2, 6,681,762 B1 and 7,077,125
B2 or in published applications 2006/0201499 A1 and 2007/0006883 A1, all

herein incorporated by reference.

[0113] A further inhalation system that is suitable for practicing the current
invention is a breath actuated nebulizer. This nebulizer is characterized by a
passive flow and active volume control. Typically, it comprises a single use aerosol
generator and a multi-use control device. The device consists of an inhaler that is
connected with a control unit. Inhaler itself is connected with nebulizer where the
inhalable corticosteroid is nebulized into predetermined particles having sizes
predominantly in the range from about 2 to about 6 um, preferably between 3 and
5 um using an aerosol generator. The filling volume of the nebulizer is
approximately 4 ml. The aerosol generator is activated by pressure detection and
is only activated during inspiration phase when the patient is inhaling the

aerosolized corticosteroid. The pressure detection is controlled electronically.

[0114] This device is further equipped with a means to permit
administration of particle-free air, to permit the administration of an aerosolized
inhalable corticosteroid, and to permit the second administration of the
particle-free air, each for a preselected time and volume, wherein the cumulative
time for these three time intervals correspond to one inspiration time. The time for
each of the interval corresponds to from about 1 millisecond to about 10 sec,

preferably from about 200 millisecond to about 5 seconds.

[0115] The inhaler has an integrated flow and volume limited to about 15
liters/minute flow at a pressure of about 10 mbar or lower. When the
underpressure at the mouthpiece is below 5 mbar, the flow rate is limited by a
mechanical valve. The mechanical valve regulates the flow rate by a adjusting the
cross section area. The unit is preset to a velume per one breath. One breath is set
to be a time when one inspiration and one expiration occurs. After each inspiration

time, the inspiration flow is blocked and expiration allowed. The inspiration flow is
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restored again for the next inspiration time during the next breath. This device has
various electronic components that permits its preprogramming and

individualization meeting requirements of the individual asthmatic patients.

[0116] An exemplary device is disclosed in the pending patent application
Ser. No. 12/183,747, filed on July 31, 2008, herein incorporated by reference. The
device may be advantageously modified to provide a wide variety of variable
conditions that may be easily individualized for patient’s need. The modified device
and method for its use is disclosed in the U.S. application Ser. No.: 12/204,037,

herein incorporated by reference in its entirety.

[0117] A double-blind, randomized, placebo-controlied phase Il clinical trial
was initiated to evaluate the tolerability, safety and efficacy of a therapy according
to the invention. A fluticasone suspension was administered using an AKITA
inhalation system for control of breathing pattern in subjects with asthma
requiring chronic oral corticosteroid treatment. The objective of the clinical study
is to evaluate the tolerability and safety of high dose nebulized fluticasone
delivered with AKITA device and to study the efficacy of high dose nebulized

fluticasone in reducing the need for oral corticosteroid {OCS) therapy.

[0118] Asthma subjects were maintained on a chronic dose of oral
corticosteroids. The total study period is 24 weeks. The study schedule included a
2-weeks screening period, a 2-weeks treatment and tolerability period, an
18-weeks treatment period, including a 14-weeks OCS taper period with 7
downward tapering steps, and a follow-up visit 2 weeks after the last dose of study
drug. All subjects were provided with oral prednisone to use for the duration of

study participation.

{0119] One hundred or one hundred and twenty subjects (50 or 60 per
treatment group) at approximately 25 asthma centers in three countries were
assigned randomly to treatment with either high dose nebulized fluticasone or

placebo administered BID. 4 mg fluticasone suspension (2 mL of 2 mg/mL
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fluticasone suspension) or matching placebo (2 mL of 0.9% sterile, normal saline in

suspension) were delivered via the AKITA device using a jet nebulizer twice daily.

[0120] Enrolied subjects were older than 12 years and younger than 75
years of age and exhibited a FEV1 from 30% to 90% of predicted (pre-albuterol
treatment). They have been treated with inhaled and oral corticosteroids for more
than 6 months. The average daily dose of OCS at enrolment was within 5 to 70 mg

of prednisone equivalent.

[0121]} The study endpoint evaluation included the determination of
reduction of OCS (oral corticosteroid, e.g. prednisone), improvement of asthma
control, pulmonary function (FEV1), and reduction of pulmonary inflammation

determined by amount of exhaled nitric oxide.
EXAMPLE 1

[0122] This example describes a therapy according to the invention, using a
fluticasone composition and an AKITA device adapted to carry out the invention.
The study was performed at the Davos Pulmonary Clinic. More than one hundred
patients suffering from severe asthma that had been chronically maintained on oral
corticosteroids were now being treated by once daily inhalation of high dose
fluticasone (2000pg fluticasone filled dose), using theAKITA system. Patients were
selected on the basis of their need for OCS, and on the basis of poor symptom
control. All patients had previously been treated with both inhaled
corticosteroid/beta agonist combinations using meter dose inhalers and dry
powder inhalers and oral steroids, at an average of 22.9 mg/day prednisolone or
equivalents. None of the patients had adequate control of asthma symptoms and

adequate pulmonary functions as determined by FEV1.

[0123] The treatment phase was about 1 to 9 weeks, with 3 weeks on
average, under in-house conditions, as a once daily inhalation of fluticasone 2000
ug in an open-label, uncontrolled fashion. Of the nominal, filled dose of 2000 pg, an

approximate 500-700 ug reached the central lungs, with a similar amount
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remaining in the nebulizer. The remaining, small amount remained in the

oropharynx or was exhaled.

[0124] The treatment duration for the 112 patients analyzed for 2007 was 7
to 53 days. Following outcome parameters were determined: Pulmonary function
(FEV1), exhaled nitric oxide (FeNQ), oral corticosteroid dose, and asthma control.
On average, the daily treatment was applied for 22 days {range 7 to 53 days), while

patients were hospitalized and monitored.

[0125] The outcome of the study was unexpected and surprising. Asthma
control was achieved rapidly and consistently during treatment, while oral
corticosteroids were reduced. Specifically, both the FEV1 and reduction of oral
steroids showed highly significant changes versus baseline, p<0.0001). The daily
intake of oral corticosteroids was reduced from a mean of 22.9 mg to 15.6mg. The
average FEV1 improved by 17.2% (or 340 ml). The oral steroids were reduced by
7.3 mg {33.2% reduction) on average. In addition, the pulmonary inflammation, as
measured by exhaled nitric oxide, was reduced by 44.5% (p<0.0001). The use and
handling of the AKITA nebulizing device for daily inhalation was well accepted by

the patients and contributed to protocol compliance.
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CLAIMS

1. Use of an inhalable corticosteroid selected from the group consisting of
fluticasone, beclomethasone dipropionate, budesonide, mometasone furoate,
ciclesonide, flunisolide and triamcinolone acetonide as an aerosol comprising said
corticosteroid in amount from 400 to 4000 micrograms in the manufacture of a
medicament for treatment of a patient having severe and uncontrollable asthma
requiring a concurrent treatment with oral corticosteroids, wherein said
medicament is to be administered

using a nebulizer device able to administer an aerosolized corticosteroid
into lower lungs with overpressure of 40 mbar or less,

wherein said overpressure results in a larger than 200 micrograms
deposition of said corticosteroid into the lower lungs, and

wherein said medicament results in reduction of 30% or more of oral

steroids requirement and reduction of oropharyngeal side effects.

2. Use of an inhalable corticosteroid selected from the group consisting of
fluticasone, beclomethasone dipropionate, budesonide, mometasone furocate,
ciclesonide, flunisolide and triamcinolone acetonide as an aerosol comprising said
corticosteroid in amount from 400 to 4000 micrograms in the manufacture of a
medicament for treatment of a patient having severe and uncontrollable asthma
requiring a concurrent treatment with oral corticosteroids, wherein said
medicament is to be administered

during an inspiration time comprising three predefined periods,

wherein in the first period lasting from 1 millisecond to 1
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second, an aerosolized particle-free air is to be administered at a preset flow rate
and at a preset volume;

wherein in the second period lasting from 0.1 to 5 seconds, an aerosolized
corticosteroid is to be administered at a preset flow rate and at a preset volume;

wherein in the third period, lasting from 1 millisecond to 10 seconds, an
aerosolized particle-free air is to be administered at a preset flow rate and ata
preset volume;

wherein after the third period, the patient is instructed to stop inhaling
and exhale;

wherein said protocol is repeated for 6 to 10 minutes or less; and

wherein said medicament results in a larger than 200 micrograms

deposition of said corticosteroid into the lower lungs.

3. Use of an inhalable glucocorticoid composition in the manufacture of a
medicament for the therapy of a patient suffering from severe and uncontrolied
asthma, wherein said composition is to be administered as a nebulised aerosol
generated by an inhalation device, said device being adapted to

(a) emit the nebulised aerosol during the inhalation phase of the patient at
a rate of not more than 20 liters per minute;

{b) emit, per inhalation phase, a total volume of 0.4 or more liters of gas
phase, said gas phase including nebulised aerosol and optionally aerosol-free air;
and

(¢} emit, per inhalation phase, not more than 150 milliliters of aerosol-free
air before emitting nebulised aerosol,

wherein said therapy further includes the oral administration of a
glucocorticoid at a daily dose which is not higher than 40 milligrams of

prednisolone or an equipotent dose of another glucocorticoid.

4. The use of claim 3, comprising a glucocorticoid selected from fluticasone
propionate, budesonide, beclomethasone dipropionate, ciclesonide, flunisolide,

moretasone furoate, and triamcinolone acetonide.
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5. The use of any one of claims 3 to 4, wherein the orally administered
ghucocorticoid is selected from hydrocortisone, dexamethasone, prednisone,

prednisolone, and methyiprednisolone.

6. The use of any one of claims 3 to 5, wherein the daily dose of the orally
administered glucocorticoid is decreased during the therapy according to claim 1 by

30% or more relative to the initial daily dose.

7. The use of claim 6, wherein the daily dose of the orally administered

glucocorticoid is decreased to zero during the therapy.

8. The use of claims 3 or 4, wherein said therapy includes no oral

administration of a glucocorticoid.

9. The use of any one of claims 3 to 8, wherein the inhalation device is
adapted to emit, per inhalation phase, a total volume of gas phase in the range from
0.4 to 2 liters, and preferably from 0.4 to 1.4 liters, which total volume is selected on
the basis of the patient’s inhalation capacity or of the patient's actual and predicted

forced expiratory volume in one second.

10. The use of any one of claims 3 to 9, wherein the inhalation device is
adapted to generate a nebulised aerosol having a mass median aerodynamic

diameter (MMAD) from 2 to 6 micrometers, and preferably from 3 to 5 micrometers.

11. The use of any one of claims 3 to 10, wherein the inhalation device is
adapted to emit the nebulised aerosol during the inhalation phase of the patient at

an overpressure of up to 40 mbar.

12. The use of claim 11, wherein the overpressure is substantially maintained

during the inhalation phase at 1 mbar or more.

13. The use of any one of claims 3 to 12, wherein the inhalation device is

adapted to emit gas phase only after breath actuation by the patient.
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14. The use of any one of claims 3 to 13, wherein the inhalation device is
adapted to emit, per inhalation phase, from 200 to 3,000 milliliters of nebulised

aerosol.

15. The use of any one of claims 3 to 14, wherein the inhalation device is
adapted to emit, per inhalation phase, from 200 to 500 milliliters of aerosol-free air

after emitting the nebulised aerosol.

16. The use of any one of claims 3 to 15, wherein the inhalation device is
adapted to emit the nebulised aerosol at a rate of not more than 300 milliliters per

second, and preferably not more than 250 milliliters per second.



