(12) STANDARD PATENT (11) Application No. AU 2017432640 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Dry powder compositions with magnesium stearate

(61) International Patent Classification(s)
A61K 9/16 (2006.01) A61K 31/616 (2006.01)

(21) Application No: 2017432640 (22) Date of Filing:  2017.09.26
(87) WIPO No: WO019/059953

(30)  Priority Data

(31) Number (32) Date (33) Country
62/562,295 2017.09.22 us
(43) Publication Date: 2019.03.28

(44) Accepted Journal Date: 2023.11.30

(71)  Applicant(s)
Vectura Inc.

(72)  Inventor(s)
YADIDI, Kambiz

(74) Agent/ Attorney
James & Wells Intellectual Property, GPO Box 1301, CANBERRA, ACT, 2601, AU

(56) Related Art
CN 106619549 A
WO 2016/019253 A1
US 2007/0003615 A1
WO 2015/127315 A1
US 2012/0308613 A1
WO 2009/019598 A2
CN 105833399 A




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '
Organization
International Bureau

(43) International Publication Date %
28 March 2019 (28.03.2019)

‘O 000 OO0 0 0
(10) International Publication Number

WO 2019/059953 A3

WIPO I PCT

(51) International Patent Classification:
A61K 9/16 (2006.01) A61K 31/616 (2006.01)

(21) International Application Number:
PCT/US2017/053569

(22) International Filing Date:
26 September 2017 (26.09.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/562,295 22 September 2017 (22.09.2017) US

(71) Applicant: OTITOPIC INC. [US/US]; Unit 702, 10551
Wilshire Boulevard, Los Angeles, California 90024 (US).

(72) Inventor: YADIDI, Kambiz;, Unit 702, 10551 Wilshire
Boulevard, Los Angeles, California 90024 (US).

(74) Agent: HILL, James, W. et al.; Fisher Broyles, LLP,
14112 Bradbury Rd., Orlando, FL 32828 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(88) Date of publication of the international search report:
26 September 2019 (26.09.2019)

(54) Title: DRY POWDER COMPOSITIONS WITH MAGNESIUM STEARATE

315
1556
250, 320 105 /115
255'\\ " 7 “\ / 235 210.""’
x % o Y
§ %‘@\ T =\ =
2570 P2 (130 125
eI P ™
[ i = : o 145
290 :
Naq1g 265280 165 11;0 00
175
Figure 8

0 2019/059953 A3 | KOO0 ORI O

(57) Abstract: A stable dry powder composition for inhalation includes acetylsalicylic acid in particles having a mass median aero-
dynamic diameter (MMAD) in a range of about 1 um to about 5 um. The dry powder composition may contain a pharmaceutically
acceptable excipient, such as a stearate, in an amount ranging from about 0.04% (w/w) to about 0.06% (w/w), or from about 0.4% (w/
w) to about 0.6% (w/w), of the composition.
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DRY POWDER COMPOSITIONS WITH MAGNESIUM STEARATE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application No. 62/256,295,
filed September 22, 2017 and now pending, which is incorporated herein by reference in its

entirety.

FIELD

The subject technology relates generally to dry powder compositions comprising
magnesium stearate (MgST) and an active pharmaceutical ingredient (API) such as a
nonsteroidal anti-inflammatory drug (NSAID) (e.g., aspirin or acetylsalicylic acid (ASA)), and
preparation methods thereof. The subject technology also relates generally to apparatuses and
methods for delivery of API to the lungs by inhalation for treating disease, such as ischemic or

thromboembolic events, including cardiovascular disease.

BACKGROUND

Pulmonary delivery of therapeutic agents offers several advantages over other modes of
delivery. These advantages include rapid onset of action, convenience of patient self-
administration, potential for reduced drug side effects, ease of delivery by inhalation, and the
elimination of needle. Inhalation therapy is capable of providing a drug delivery system that is
easy to use in an inpatient or outpatient setting, results in very rapid onset of drug action, and
produces minimal side effects.

MgST is a common excipient used in pharmaceutical formulations. However, MgST is
known to catalyze acid-based hydrolysis. Thus, MgST is not compatible with active ingredients
susceptible to acid-based hydrolysis, e.g., ASA. Unexpectedly, ASA/MgST formulations
disclosed herein showed high ASA stability under various conditions for months. Similar
compositions of MgST with other API previously known to be incompatible may also possess

unexpected high API stability in the presence of MgST.
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SUMMARY

In certain embodiments of the invention, stable dry powder compositions comprising an
active pharmaceutical ingredient (API) and magnesium stearate (MgST) are provided herein,
with preparation methods thereof. Examples of API include, without limitations, APIs
susceptible to acid-based hydrolysis, such as non-steroidal anti-inflammatory drugs (NSAID),
e.g., acetylsalicylic acid (ASA).

In certain embodiments of the invention, the dry powder compositions of API (e.g., ASA)
and MgST (e.g., ASA/MgST) disclosed herein have one or more characters selected from the
group consisting of mass medium aerodynamic diameter (MMAD) of about 0.5 um to about 10
um, about 0.5 pm to about 3 pm, about 2 um to about 3 um, or about 3 um or lower, a fine
particle fraction (FPF) % of about 40% to about 90%, from about 40% to about 80%, from about
40% to about 70%, from about 40% to about 60%, from about 40% to about 50%, from about 30%
to about 40%, from about 20% to about 30%, from about 30% to about 50%, or from about 30%
to about 60%, geometric standard deviation (GSD) of about 2.5 um or lower, about 2 um to
about 2.5 um, or about 1.7 um to about 2 um, and an emitted dose (ED) of about 55% to about
85%, about 58% to about 85%, about 60% to about 65%, about 70% to about 85%, about 75% or
higher, or about 90% or higher.

In certain embodiments of the invention, a method for treating a disease, e.g., by reducing
the risk of a thromboembolic event, comprises administering the dry powder composition of
NSAID/MgST (e.g., ASA/MgST) disclosed herein. In certain embodiments, the dry powder
composition of NSAID/MgST (e.g., ASA/MgST) disclosed herein is administered via a dry
powder inhaler (DPI) or a metered dose inhaler (MDI).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to provide further understanding of the
subject technology and are incorporated in and constitute a part of this specification, illustrate
aspects of the subject technology and together with the description serve to explain the principles

of the subject technology.
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Figures 1A-1H: HPLC chromatograms of examples of co-micronized ASA compositions
with various concentration of MgST prepared according to Example 1 and stored at a condition
of 15-20 °C/35-45% RH for 12 months.

Figure 1A: HPLC chromatograms of co-micronized ASA compositions with 10% w/w
of MgST prepared according to Example 1 and stored at a condition of 15-20 °C/35-45% RH for
12 months.

Figure 1B: HPLC chromatograms of co-micronized ASA compositions with 5% w/w of
MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for 12
months.

Figure 1C: HPLC chromatograms of co-micronized ASA compositions with 1% w/w of
MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for 12
months.

Figure 1D: HPLC chromatograms of co-micronized ASA compositions with 0.5% w/w
of MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for
12 months.

Figure 1E: HPLC chromatograms of co-micronized ASA compositions with 0.25% w/w
of MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for
12 months.

Figure 1F: HPLC chromatograms of co-micronized ASA compositions with 0.1% w/w
of MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for
12 months.

Figure 1G: HPLC chromatograms of co-micronized ASA compositions with 0.05% w/w
of MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for
12 months.

Figure 1H: HPLC chromatograms of co-micronized ASA compositions with 0.01% w/w
of MgST prepared according to Example 1 and stored at a condition of 15-20°C/35-45% RH for
12 months.

Figures 2A-2D: Aerodynamic particle size distribution stability profile of examples of
ASA/MgST formulations with various MgST concentrations (0.01%-0.5%) at 50°C/75% RH.
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Figure 2A: Aerodynamic particle size distribution stability profile of ASA/MgST 0.5%
w/w formulation at 50°C/75% RH.

Figure 2B: Aerodynamic particle size distribution stability profile of ASA/MgST 0.05%
w/w formulation at 50°C/75% RH.

Figure 2C: Aerodynamic particle size distribution stability profile of ASA/MgST 0.01%
w/w formulation at 50°C/75% RH.

Figure 2D: Aerodynamic particle size distribution stability profile of ASA/MgST 0.1%
w/w Formulation at 50°C/75% RH.

Figure 3: PSD (Dv50) stability profile of an example of ASA/MgST 10.0% w/w
Formulation under 20°C/40% RH, 30°C/60% RH, and 40°C/75% RH.

Figures 4A-4D: Aerodynamic particle size distribution (APSD) performance of
examples of co-micronized ASA with different concentrations (0.01-10% w/w) of MgST (Co-M)

Figure 4A: APSD performance of co-micronized ASA with different concentrations
(0.01-0.25% w/w) of MgST (Co-M).

Figure 4B: APSD performance of co-micronized ASA with different concentrations
(0.5-10.0% w/w) of MgST (Co-M).

Figure 4C: APSD performance of co-micronized ASA with different concentrations
(0.01-0.25% w/w) of MgST (Co-M).

Figure 4D: APSD performance of co-micronized ASA with different concentrations

(0.5-10.0% w/w) of MgST (Co-M).

Figure 5: APSD performance of examples of spray-dried ASA/Leucine (Formulation
046), micronized ASA and co-micronized ASA with 0.5% w/w MgST (Co-M).

Figure 6: Force of cohesion measurements of 5 different probes made from examples of
spray-dried ASA/Leucine (Formulation 36 and 46), micronized ASA (micronized) and co-
micronized ASA with 0.5% w/w MgST (0% Co-Mic).
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Figure 7. Powder permeability measurements of formulation 036 and co-micronized

formulation of ASA/MgST.

Figure 8: A section view of an example of a dry powder inhaler (DPI).

Figure 9: A perspective view of an example of a forward seating surface comprises one

or more protrusions for contacting a capsule.

Figure 10: A section view of an example of a dry powder inhaler (DPI) with a feedback

mechanism.

DETAILED DESCRIPTION

Magnesium stearate (MgST) is known to be an incompatible excipient for drugs that are
susceptible to acid-based degradation (e.g., hydrolysis). Examples of drugs incompatible with
MgST include, without limitation, NSAIDs (e.g., ASA, ibuproxam, indomethacin, ketoprofen),
antiviral drug (e.g., acyclovir), antidiabetic drugs (e.g., glipizide, chlorpropamide, glimepiride
and glibenclamide), antihypertensive drugs (e.g., captopril, fosinopril, moexipril, oxprenolol and
quinapril), antibiotic drugs (e.g., cephalexin, erythromycin, nalidixic acid, oxacillin, and
penicillin G), antimalarial drug (e.g., primaquine), antiemetic drug (e.g., promethazine),
antiamoebic drug (e.g., albendazole), anticancer drug (e.g., B-lapachone), anticoagulant (e.g.,
clopidogrel), antihistaminic drug (e.g., doxylamine), and hypnotic drug (e.g., temazepam)
(Bharate et al., “Interactions and incompatibilities of pharmaceutical excipients with active
pharmaceutical ingredients: a comprehensive review,” J. Excipients and Food Chem., 2010, 1 (3),
pp. 3-26, which is incorporated herein by reference in its entirety).

Unexpectedly, dry powder compositions comprising ASA and MgST disclosed herein
showed unexpectedly high stability of ASA after storage under various conditions (e.g., 15-
20°C/35-45% RH, 20 °C/40% RH, 30 °C/60% RH, and 40 °C/75% RH) for months (Examples
2-3). In certain embodiments, dry powder compositions comprising ASA and MgST disclosed
herein showed unexpectedly high stability (e.g., particle stability) after storage under 40 °C/75%
RH for up to 30 days.



10

20

30

WO 2019/059953 PCT/US2017/053569

Accordingly, provided herein are stable dry powder compositions comprising an active
pharmaceutical ingredient (API) and a stearate (e.g., MgST and calcium stearate). Examples of
API include, without limitations, NSAIDs (e.g., ASA, ibuproxam, indomethacin, ketoprofen),
antiviral drug (e.g., acyclovir), antidiabetic drugs (e.g., glipizide, chlorpropamide, glimepiride
and glibenclamide), antihypertensive drugs (e.g., captopril, fosinopril, moexipril, oxprenolol and
quinapril), antibiotic drugs (e.g., cephalexin, erythromycin, nalidixic acid, oxacillin, and
penicillin G), antimalarial drug (e.g., primaquine), antiemetic drug (e.g., promethazine),
antiamoebic drug (e.g., albendazole), anticancer drug (e.g., B-lapachone), anticoagulant (e.g.,
clopidogrel), antihistaminic drug (e.g., doxylamine), and hypnotic drug (e.g., temazepam).

Unless otherwise specified, as used herein, the w/w concentration of APl in an
APl/stearate (e.g., MgST) dry powder composition is represented by the wt% of API in the total
weight of API and stearate (e.g., MgST), and the w/w ratio of stearate (e.g., MgST), in an
APlI/stearate (e.g., MgST), dry powder composition is represented by the wt% of stearate (e.g.,
MgST), in the total weight of API and stearate (e.g., MgST),. In certain embodiments, the w/w
concentration of Mg stearate (e.g., MgST), ST in the APU/stearate (e.g., MgST), dry powder
composition is up to about 15% w/w, up to about 10% w/w, up to about 7.5% w/w, up to about
5.0% w/w, up to about 2.5% w/w, up to about 1% w/w, up to about 0.5% w/w, up to about 0.25%
w/w, up to about 0.1% w/w, up to about 0.05% w/w, up to about 0.01% w/w, from about 0.04%
(w/w) to about 0.06% (w/w), or from about 0.4% (w/w) to about 0.6% (w/w).

In certain embodiments, the API of the API/MgST dry powder compositions disclosed
herein (e.g., ASA/MgST) is over 99.5%, over 99%, over 98.5%, over 98%, over 97.5%, over
97%, over 96.5%, over 96%, over 95.5%, over 95%, over 90%, or over 85% stable after stored at
15-20°C/35-45% RH, 20 °C/40% RH, 30 °C/60% RH, 40 °C/75% RH, or 50 °C/75% RH, for up
to 2 weeks, up to 4 weeks, up to 30 days, up to 6 weeks, up to 8 weeks, and up to 12 months. In
certain embodiments, the term “stable” means the chemical stability of ASA. In certain
embodiments, the term “stable” means the stability of the particle parameters, e.g., APSD and
PSD characterizations disclosed herein.

In certain embodiments, the MMAD of the API/MgST dry powder compositions
disclosed herein (e.g., ASA/MgST) varies less than about 30%, less than about 25%, less than
about 20%, less than about 15%, less than about 10%, less than about 9%, less than about 8%,

less than about 7%, less than about 6%, less than about 5%, less than about 4%, less than about



10

20

30

WO 2019/059953 PCT/US2017/053569

3%, less than about 2%, or less than about 1%, after the composition is stored at 15-20°C/35-45%
RH, 20 °C/40% RH, 30 °C/60% RH, 40 °C/75% RH, or 50 °C/75% RH, for up to 2 weeks, up to
4 weeks, up to 30 days, up to 6 weeks, up to 8 weeks, and up to 12 months (e.g., MMAD, FPF,
DV, GSD, ED, etc.).

In certain embodiments, the DV90, DV50 and/or DV10 of the API/MgST dry powder
compositions disclosed herein (e.g., ASA/MgST) vary (varies) less than about 30%, less than
about 25%, less than about 20%, less than about 15%, less than about 10%, less than about 9%,
less than about 8%, less than about 7%, less than about 6%, less than about 5%, less than about
4%, less than about 3%, less than about 2%, or less than about 1%, after the composition is
stored at 15-20°C/35-45% RH, 20 °C/40% RH, 30 °C/60% RH, 40 °C/75% RH, or 50 °C/75%
RH, for up to 2 weeks, up to 4 weeks, up to 30 days, up to 6 weeks, up to 8 weeks, and up to 12
months.

Additionally, in certain embodiments containing acetylsalicylic acid. The dry particles of
the dry powder may have one or more characters selected from the group consisting of:

a mass medium aerodynamic diameter (MMAD) of about 0.5 um to about 10 um, about
0.5 um to about 3 um, about 2 pm to about 3 um, or about 3 um or lower,

a fine particle fraction (FPF)% of about 40% to about 90%, from about 40% to about
80%, from about 40% to about 70%, from about 40% to about 60%, from about 40% to about
50%, from about 30% to about 40%, from about 20% to about 30%, from about 30% to about
50%, or from about 30% to about 60%,

a geometric standard deviation (GSD) of about 2.5 um or lower, and

an emitted dose (ED) of about 75% or higher.

The respirable dry powder may contain one or more other pharmaceutically acceptable
excipients, such as phospholipid, fatty acids (e.g., with C10-C30 or C19 -C30), and other
hydrophobic excipients, in an amount ranging from about 0.1% (w/w) to about 10% (w/w) of the

particles.

1A. THROMBOEMBOLIC SYMPTOMS AND EVENTS
A thromboembolic event, such as myocardial infarction, deep venous thrombosis,
pulmonary embolism, thrombotic stroke, etc., can present with a group of symptoms that allow a

patient or clinician to provide an initial therapy or treatment for the event, i.e., immediately, or
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within 1, 5, 10 or 15 minutes of onset of the thromboembolic event. In certain situations, an 81
mg, low dose, or “baby” acetylsalicylic acid or a regular acetylsalicylic acid (330 mg) may be
orally administered in order to provide an initial treatment for the patient. However, oral
administration may not act as quickly as necessary to provide a sufficient therapeutic effect and
therefore, may lead to a less preferred outcome. Thus, the pulmonary drug delivery system and
related methods or the present invention provide for an accelerated and more efficient pathway
and treatment for reducing the risk of a thromboembolic event and/or providing treatment for a
thromboembolic event. For example, certain embodiments provide systems and methods of
administering a non-steroidal anti-inflammatory drug (NSAID) by inhalation, such as by a dry
powder inhaler (DPI) or a metered dose inhaler (MDI).

1B. DRY POWDER INHALER

Delivery of a drug by inhalation in the early stages of an emergency situation can provide
a fast-acting, effective form of preliminary treatment of certain medical conditions. For example,
in one embodiment, upon receiving a complaint of a symptom of a serious thromboembolic
event, a patient can be administered, by DPI, a therapeutic amount of a NSAID. The NSAID can
address problems associated with or provide an initial treatment for the medical condition.

However, dry powder inhalation of drugs has generally been limited to dosages of less
than a milligram. Recent developments in particle engineering, in particular the development of
PulmoSphere® technology, have enabled the delivery of a larger amount of dry powder to the
lungs in a single actuation. See David E. Geller, M.D., et al., Development of an inhaled dry-
powder formulation of tobramycin using pulmosphere™ technology, J Aerosol Med Pulm Drug
Deliv. 2011 August; 24(4), pp. 175-82. In this publication, a dose of 112 mg tobramycin (in four
capsules) was effectively delivered via PulmoSpheres®.

To date, there has been no single dose use of acetylsalicylic acid by dry powder inhaler to
replace the traditional daily use of a NSAID (such as a baby acetylsalicylic acid) or emergency
use of a NSAID as preventative care for symptoms of a thromboembolic event available on the
market. Accordingly, in one embodiment, the methods provide for administering a NSAID by
dry powder inhalation in an amount less than the dosage of a baby acetylsalicylic acid (e.g., less
than 81 mg).

Therefore, a method for treating a condition, e.g., by reducing the risk of a

thromboembolic event, comprises administering a NSAID, such as a salicylate, by a DPI or MDIL
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For example, the method can comprise administering acetylsalicylic acid by a DPI or MDI. The
administered dose (e.g., a single dose) can be less than 25 mg of acetylsalicylic acid. Further, in
various embodiments, the administered dosage (e.g., a single dose) can be less than 20 mg of
acetylsalicylic acid. The administered dosage (e.g., a single dose) can be less than 80 mg, less
than 70 mg, less than 60 mg, less than 50 mg, less than 40 mg, less than 30 mg, less than 20 mg,
less than 15 mg of acetylsalicylic acid, less than 12 mg of acetylsalicylic acid, less than 10 mg of
acetylsalicylic acid, less than 8 mg of acetylsalicylic acid, less than 5 mg of acetylsalicylic acid,
or less than 2 mg of acetylsalicylic acid.

In other embodiments, the dosage of acetylsalicylic acid (e.g., a single dose) can be from
about 2 mg to about 30 mg, about 4 mg to about 25 mg of acetylsalicylic acid, about 6 mg to
about 20 mg of acetylsalicylic acid, about 8 mg to about 15 mg of acetylsalicylic acid, about 10
mg to about 13 mg of acetylsalicylic acid, about 1 mg, about 2 mg, about 3 mg, about 4 mg,
about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10 mg, about 11 mg, about
12 mg, about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17 mg, about 18 mg, about
19 mg, or about 20 mg of acetylsalicylic acid. Such dosages can provide a bioequivalent dosage
when compared to typical dosages of about 81 mg to about 325 mg, while demonstrating few
negative side effects.

Thus, a NSAID, such as acetylsalicylic acid, can be administered by DPI or MDI in a
single dose or multiple dose that delivers much less than a traditional oral dose of acetylsalicylic
acid, which can provide an equivalent treatment while tending to avoid the negative side effects
associated with certain NSAIDs, such as acetylsalicylic acid. Further, systems (devices) of
administering such treatments are also provided.

The NSAID, in particular acetylsalicylic acid, can be formulated to include
pharmaceutically acceptable excipients that are effective to improve aerodynamic performance,
bioavailability and/or pharmacokinetics as compared to prior art methods of administration.

The DPI or MDI apparatus can have a mouthpiece and an actuation member for making
available the NSAID for inhalation by a patient to reduce the risk of the thromboembolic event.

DPI or MDI suitable for the dry powder compositions and methods disclosed herein can
be a reusable device, a disposable device, a pre-filled device, a blistered device, a pre-metered

device, or any apparatus that can deliver a dry powder composition for inhalation.
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Examples of DPI or MDI include, without limitation, the inhalers disclosed is U. S.
Patent No. 4,995,385 and 4,069,819, Spinhaler® (Fisons, Loughborough, U K.), Rotahalers®,
Diskhaler® and Diskus® (GlaxoSmithKline, Research Triangle Technology Park, North
Carolina), ElliptaTM, Handihaler®, FlowCapss®, Neohaler®, Pressair ™, Rotahaler®,
Turbuhaler®, Twisthaler®, XCaps (Hovione, Loures, Portugal), Inhalators®
(BoehringerIngelheim, Germany), Aerolizer® (Novartis, Switzerland), CDMHaler, Podhaler™,
and others known to those skilled in the art.

An example of a DPI can be the DPI disclosed in US 7,559,325, which is incorporated
herein by reference in its entirety, including the drawings thereof.

As shown in Figure 8, a DPI 100 comprises a housing 105 defining a chamber 110
having one or more air inlets 115, and one or more air outlets 120. The chamber 110 is sized to
receive a capsule 125 which contains a dry powder composition as disclosed herein (e.g.,
ASA/MgST formulations); a puncturing mechanism 250 in the housing 105 for creating one or
more openings 130 in the capsule 125; an optional shield 170 which covers at least two but not
all of the air inlets 115, wherein the optional shield 170 comprises one or two or more covering
portions 175, each covering portion 175 covering at least one inlet 115, whereby the optional
shield 170 prevents blockage of at least two air inlets 115 by a user grasping the apparatus; and
an end section 140 associated with the housing 105, the end section 140 sized and shaped to be
received in a user's mouth or nose so that the user may inhale through the end section 140 (e.g,
through the opening 145 thereof) to aerosolize the dry powder composition and to inhale
aerosolized dry powder composition that has exited the capsule 125. The housing 105 comprises
a body 205 and a removable endpiece 210. The endpiece 210 may be removed from the body
205 to insert a capsule 125 in the chamber 110 which is formed when the body 205 and the
endpiece 210 are connected together. The endpiece 210 comprises a partition 150 which can
take any shape (e.g., a dome-shaped shown in Figure 8) and that blocks the forward end of the
chamber 110, and the partition 150 has the one or more outlets 120 extending therethrough.
Examples of aerosolization apparatus with a partition 150 and chamber configuration are
described in U.S. Pat. No. 4,069,819 and in U.S. Pat. No. 4,995,385, both of which are
incorporated herein by reference in their entireties. The inlets 115 may comprise a plurality of
tangentially oriented slots 220. When a user inhales through the endpiece 210, outside air is

caused to flow through the inlets 115 (e.g., tangential slots 220). This airflow creates a swirling

10
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airflow within the chamber 110. The swirling airflow causes the capsule 125 to contact the
partition 150 and then to move within the chamber 110 in a manner that causes the dry powder
composition to exit the capsule 125 and become entrained within the swirling airflow. In one
specific version, the chamber 110 comprises a tapered section 230 that terminates at an edge 235.
During the flow of swirling air in the chamber 110, the forward end of the capsule 125 contacts
and rests on the partition 150 and a sidewall of the capsule 125 contacts the edge 235 and slides
and/or rotates along the edge 235. This motion of the capsule may be particularly effective in
forcing a large amount of the dry powder composition through one or more openings 130 in the
rear of the capsule 125. The puncturing mechanism 250 may comprises plunger 255 attached at
its forward end 260 to a puncture member 265, which in the version shown in Figure 8 is a U-
shaped staple 270 having two sharpened tips 275. The puncturing mechanism 250 further
comprises a seating member 280 which contacts the plunger 255 and/or the puncture member
265 and is slidable relative to the plunger 255 and the puncture member 265. To create the
openings 130 in the capsule 125, the user applies a force to the plunger 255, such as by pressing
against an end surface 290 of the plunger 255 with the user's finger or thumb. The force causes
the plunger to slide within the body 205. A slight frictional contact between the plunger 255 and
the a rear section 295 of the seating member 280 causes the seating member 280 to also slide
within the body 205 until a forward seating surface 300 of the seating member 280 contacts the
capsule 125. The forward seating surface 300, which may be shaped to generally match the
shape of the capsule 125, secures the capsule 125 between the seating member 280 and the
partition 150. The continued application of force causes the plunger 255 and the puncture
member 265 to slide relative to the seating member 280 to advance the puncture member 135
through openings 305 in the forward seating surface 300 and into the capsule 125. Upon the
removal of the force, a spring 310 or other biasing member urges the puncturing mechanism 250
back to its rest position. For example, the spring 310 may contact a shoulder 315 in the body
205 and press a flange 320 on the plunger 255 toward a rim 325 in the body 205. The frictional
engagement between the plunger 255 and the seating member 280 also returns the seating
member 280 to its retracted position when the plunger 255 is returned to its retracted position.
Another example of a DPI can be the DPI disclosed in US 8,069,851, which is

incorporated herein by reference in its entirety, including the drawings thereof.
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In certain embodiments, a DPI comprises a housing 105 having one or more two air inlets
115, the inlets 115 configured and dimensioned to produce a swirling airflow (e.g., comprising a
plurality of tangentially oriented slots 220); an endpiece 210 comprising a partion 150 (e.g., a
perforated member having one or more dry powder composition outlets 120), the endpiece 210
being connectable to the housing to define a chamber 110, the chamber 110 being sized to
receive a capsule 125 which contains a dry powder composition disclosed herein (e.g.,
ASA/MgST formulations), the endpiece 210 further comprising an optional shield 170 which
covers at least one air inlet 115, wherein the optional shield 170 comprises at least one covering
portion 175, whereby the covering portion 175 prevents blockage of at least one air inlet 115 by
a user grasping the apparatus; and a puncturing mechanism 250 disposed within the housing 105
for creating one or more openings 130 in the capsule, the puncturing mechanism 250 comprising
an seating member 280 and a puncture member (e.g., the U-shaped staple 270), wherein the
seating member 280 comprises a forward seating surface 300 which advances to contact and
align the capsule 125 while the seating member 280 and puncture member 270 are advanced into
the capsule 125 to create one or more openings 130 in the capsule 125, and wherein the forward
seating surface 300 comprises one or more protrusions 400 for contacting the capsule 125 (see,
e.g., Figure 9).

Another example of a DPI can be the DPI disclosed in US 7,516,741, which is
incorporated herein by reference in its entirety, including the drawings thereof.

In certain embodiments, a DPI comprises a housing 105 defining a chamber 110 having
an air inlet 115 and an air outlet 120, wherein the chamber 110 is sized to receive a capsule 125
containing a dry powder composition disclosed herein (e.g., ASA/MgST formulations); a
puncturing member 265 moveable within the chamber 110 to contact the capsule 125 and to
provide an opening 130 in the capsule 125; and a feedback mechanism that provides a tactile
indication 380 to a user only when the puncturing member 265 has been moved to a
predetermined position (e.g., a position where it provides the opening into the capsule) wherein
the puncture member 265 is movable beyond the predetermined position, whereby when air
flows through the inlet 115, the dry powder composition is aerosolized and the aerosolized dry
powder composition is delivered through the outlet 120. As shown in Figure 10, one or more
protrusions 395 may be provided on the body 205 that engages the flange 320 or other section of

the plunger 255. In moving the puncturing mechanism 250 in use, resistance is provided by the
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contact of the flange 320 and the protrusion 395. The resistance is overcome by continued force,
and the puncturing mechanism 250 punctures the capsule 125. The resistance and the passage of
the flange 320 beyond the protrusion 395 can be detected by the user as a tactile indication 380
that the capsule 125 has been punctured. The protrusion 395 is positioned so that as the flange
320 passes over the protrusion 395, the puncture member 265 penetrates the capsule 125 a
predetermined amount. Accordingly, the user is alerted that the puncture has occurred and can
stop applying the force. In this way, excessive insertion is prevented. In another version, the
arrangement may be reversed with the protrusion being on the plunger and the flange or other

contacting member being on the body.

For example, a method of reducing the risk of a thromboembolic event is provided and
can comprise administering a dose of a non-steroidal anti-inflammatory drug by a dry powder
inhaler. The dose can be effective to reduce a risk of a thromboembolic event in a patient. The
dry powder inhaler can have a mouthpiece and an actuation member for making available the
dose of the non-steroidal anti-inflammatory drug for inhalation by the patient to reduce the risk
of the thromboembolic event.

A drug delivery system can also be provided for treating a disease, for example, by
reducing the risk of a thromboembolic (ischemic) event. The drug delivery system can comprise
a dry powder composition disclosed herein comprising a dose of a non-steroidal anti-
inflammatory drug. The dose can be effective to reduce the risk of a thromboembolic event in a
patient. The system can also comprise a dry powder inhaler as disclosed herein. The dry powder
inhaler can have a mouthpiece, a reservoir for receiving the dose of the non-steroidal anti-
inflammatory drug, and an actuation member for making available the dose of the non-steroidal
anti-inflammatory drug for inhalation by the patient through the mouthpiece.

The thromboembolic event may be a myocardial infarction, deep venous thrombosis,
pulmonary embolism, or thrombotic stroke. The dose of the NSAID drug can be administered as
a preliminary treatment in response to a symptom of a thromboembolic event. The NSAID may
be acetylsalicylic acid and may be administered in a single dose or in multiple doses, e.g., 2, 3, 4,

5,6,7,8,9 or 10 or greater doses.

2. DEFINITIONS
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The dry particles or dry powder compositions disclosed herein are suitable for delivery to
the respiratory tract (e.g., pulmonary delivery) in a subject by inhalation. The dry particles may
have a mass median aerodynamic diameter (MMAD) of less than about 20 um, less than about
15 um, less than about 10 um, less than about 5 um, from about 1 um to about 10 pm, from
about 1 um to about 5 um, from about 1 um to about 3 um, from about 2 um to about 3 um,
from about 1.7 um to about 2.7 um, or less.

The term "dispersible" describes the characteristic of a dry powder or dry particles to be
dispelled into a respirable aerosol. Dispersibility of a dry powder or dry particles is expressed
herein as the quotient of the volume median geometric diameter (VMGD) measured at a
dispersion (i.e., regulator) pressure of 1 bar divided by the VMGD measured at a dispersion (i.e.,
regulator) pressure of 4 bar, or VMGD at 0.5 bar divided by the VMGD at 4 bar as measured by
HELOS/RODOS. These quotients are referred to herein as "1/4 bar," and "0.5/4 bar,"
respectively, and dispersibility correlates with a low quotient. For example, 1/4 bar refers to the
VMGD of respirable dry particles or powders emitted from the orifice of a RODOS dry powder
disperser (or equivalent technique) at about 1 bar, as measured by a HELOS or other laser
diffraction system, divided the VMGD of the same respirable dry particles or powders measured
at 4 bar by HELOS/RODOS. Thus, a highly dispersible dry powder or dry particles will have a
1/4 bar or 0.5/4 bar ratio that is close to 1.0. Highly dispersible powders have a low tendency to
agglomerate, aggregate or clump together and/or, if agglomerated, aggregated or clumped
together, are easily dispersed or de-agglomerated as they emit from an inhaler and are breathed
in by the subject. Dispersibility can also be assessed by measuring the size emitted from an
inhaler as a function of flow rate.

The term "emitted dose" or "ED" refers to an indication of the delivery of the API of a
drug formulation from a suitable inhaler device after a firing or dispersion event. More
specifically, for dry powder compositions, the ED may be the mass of the API that is drawn out
of a unit dose package and that exits the mouthpiece of an inhaler device. Alternatively, the ED
may be the ratio of the Apl dose delivered by an inhaler device to the nominal dose (i.e., the
mass of powder per unit dose placed into a suitable inhaler device prior to firing). The ED is an
experimentally-measured parameter, and can be determined using the method of USP Section
601 Aerosols, Metered-Dose Inhalers and Dry Powder Inhalers, Delivered-Dose Uniformity,
Sampling the Delivered Dose from Dry Powder Inhalers, United States Pharmacopeia
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Convention, Rockville, MD, 13th Revision, 222-225, 2007. This method utilizes an in vitro
device set-up to mimic patient dosing.

The portion of the drug formulation falling within a size range is typically referred to as
the fine particle fraction (FPF).

Unless otherwise specified, the term "FPF" or “fin particle fraction” is referred to the
fraction of a sample of dry particles that have an aerodynamic diameter of less than 5.0 um,
which may also be referred to as "FPF (<5.0)," "FPF (<5.0 um)," and "fine particle fraction of
less than 5.0 pm."

The terms "FPF (<3.0)," "FPF (<3.0 um)," and "fine particle fraction of less than 3.0 um"
refers to the fraction of a mass of respirable dry particles that have an aerodynamic diameter of
less than 3.0 pm.

The term “about” as used herein, unless otherwise specified, means +10% of the numeric

value following the term “about.”

3. NON-STEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDs)

NSAIDs, such as acetylsalicylic acid, can provide various beneficial effects and
contribute to reducing the risk of a cardiovascular disease (such as thrombosis). However, the
use of NSAIDs, such as acetylsalicylic acid, in a clinical setting has traditionally been limited to
oral administration. Oral administration of acetylsalicylic acid, for example, can result in the loss
or inactivation of approximately 2/3 of the oral dosage due to the first pass effect in the gut and
liver. While one third of the dosage reaches the systemic blood stream and provides the desired
effect, the negative side effects created by the full dosage often deter patients from using
acetylsalicylic acid on a regular or daily basis.

The methods and systems of the present invention allow for the beneficial effects of
NSAIDs, such as acetylsalicylic acid, to be achieved on a regular basis and in emergency
situations, while minimizing previous drawbacks associated with the use of NSAIDs.

Various studies have determined that acetylsalicylic acid has a significant effect on
reducing the risk of myocardial infarction. These studies have used acetylsalicylic acid dosages
of 325 mg. However, these studies have based their findings on oral administration of

acetylsalicylic acid and have not suggested DPI or MDI administration.
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Although inhaled dry powder compositions of acetylsalicylic acid have been developed,
reports have stated that the formulation was not clinically feasible because it is difficult to meet
the high dosage requirements of acetylsalicylic acid (~80 mg/day for low-dose prevention of
coronary events and stroke, and at least 300 mg/day for pain or fever relief) via pulmonary
delivery of dry powders.

In addition, these reports recognize that adverse effects of dry powder on the lungs, such
as coughing, cannot be avoided unless the doses are less than a few tenths of a milligram in a
single breath. Thus, prior teachings suggest that higher dosage requirements of acetylsalicylic
acid would be impossible or difficult to meet using DPI (or MDI). Finally, there may be a higher
incidence of acetylsalicylic acid intolerance in asthmatic patients when acetylsalicylic acid is
delivered by inhalation than orally.

The methods and systems of the present invention provide for treating (including
prophylactic treatment or reducing the risk of) a disease, for example, treating a cardiovascular
disease (such as thrombosis) by administration of a low amount of a NSAID, such as a low dose
of acetylsalicylic acid, by DPI. The dose can be much less than that of a baby acetylsalicylic acid
(e.g., less than 81 mg). The administered dosage can be less than about 40 mg of acetylsalicylic
acid. The administered dosage can be less than 25 mg of acetylsalicylic acid. Further, the
administered dosage can be less than 20 mg of acetylsalicylic acid. The administered dosage can
be less than 15 mg of acetylsalicylic acid. The administered dosage can also be less than 12 mg
of acetylsalicylic acid. The administered dosage can be less than 10 mg of acetylsalicylic acid.
Furthermore, the administered dosage can be less than 8 mg of acetylsalicylic acid. The
administered dosage can be less than 5 mg of acetylsalicylic acid. In some embodiments, the
administered dosage can be less than 2 mg of acetylsalicylic acid.

For example, the dosage can be from about 1 mg to about 40 mg. In various embodiments,
the dosage can be from about 4 mg to about 25 mg of acetylsalicylic acid, about 6 mg to about
20 mg of acetylsalicylic acid, about 8 mg to about 15 mg of acetylsalicylic acid, about 10 mg to
about 13 mg of acetylsalicylic acid or about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5
mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10 mg, about 11 mg, about 12 mg,
about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17 mg, about 18 mg, about 19 mg,
or about 20 mg of acetylsalicylic acid. Alternatively, the dose of acetylsalicylic acid can be less

than about 80 mg, about 1 mg to about 75 mg, about 2 mg to about 60 mg, about 5 mg to about
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40 mg, about 10 mg to about 30 mg, about 12 mg to about 25 mg, about 15 mg to about 20 mg,
about 60 mg to about 95 mg, about 50 mg to about 100 mg, about 50 mg to about 80 mg, about
40 mg to about 80 mg, about 20 mg to about 30 mg, about 30 mg to about 40 mg, about 40 mg to
about 50 mg, about 50 mg to about 60 mg, about 60 mg to about 70 mg, about 70 mg to about 80
mg, about 80 mg to about 90 mg, or about 90 mg to about 100 mg.

In certain embodiments, NSAIDs can be used in various methods and systems. In some
embodiments, NSAIDs can include salicylates, i.e., the salts and esters of salicylic acid, which
have anti-platelet action. Further, NSAIDs can also include one or more of the following

compounds listed in Table 1.

Table 1 Examples of NSAIDs

Aspirin or acetylsalicylic acid

Celecoxib (Celebrex)

Dexdetoprofen (Keral)

Diclofenac (Voltaren, Cataflam, Voltaren-XR)
Diflunisal (Dolobid)

Etodolac (Lodine, Lodine XL)

Etoricoxib (Algix)

Fenoprofen (Fenopron, Nalfron)

Firocoxib (Equioxx, Previcox)

Flurbiprofen (Urbifen, Ansaid, Flurwood, Proben)
Ibuprofen (Advil, Brufen, Motrin, Nurofen, Medipren, Nuprin)
Indomethacin (Indocin, Indocin SR, Indocin IV)
Ketoprofen (Actron, Orudis, Oruvail, Ketoflam)
Ketorolac (Toradol, Sprix, Toradol IV /IM, Toradol IM)
Licofelone (under development)

Lomoxicam (Xefo)

Loxoprofen (Loxonin, Loxomac, Oxeno)

Lumiracoxib (Prexige)

Meclofenamic acid (Meclomen)
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Mefenamic acid (Ponstel)

Meloxicam (Movalis, Mel ox, Recoxa, Mobic)
Nabumetone (Relafen)

Naproxen (Aleve, Anaprox, Midol Extended Relief, Naprosyn, Naprelan)
Nimesulide (Sulide, Nimalox, Mesulid)
Oxaporozin (Daypro, Dayrun, Duraprox)
Parecoxib (Dynastat)

Piroxicam (Feldene)

Rofecoxib (Vioxx, Ceoxx, Ceeoxx)

Salsalate (Mono-Gesic, Salflex, Disalcid, Salsitab)
Sulindac (Clinoril)

Tenoxicam (Mobi flex)

Tolfenamic acid (Clotam Rapid, Tufnil)
Valdecoxib (Bextra)

Other alternatives can also be used instead of a NSAID. Such alternatives include Plavix
(clopidogrel), COX-2 inhibitors, other remedies such as Nattokinase (an enzyme (EC 3.4.21.62,
extracted and purified from a Japanese food called nattd)). Further, other drugs that provide
different beneficial effects, such as being effective to reduce a risk of a cardiovascular disease
(such as thrombosis) in a patient, can also be used in some embodiments. Thus, the discussion of
methods and systems shall apply generally to these various alternatives, although for discussion
purposes, the present disclosure often refers to acetylsalicylic acid. It is contemplated that the
methods, effects, pharmacokinetic data, and other considerations relating to acetylsalicylic acid

can be equally applied to other NSAIDs.

4. DRY POWDERS AND DRY PARTICLES

The dry particles and dry powder compositions disclosed herein are dispersible. The size
of the dry particles can be expressed in a variety of ways that are conventional in the art, such as,
fine particle fraction (FPF), volumetric median geometric diameter (VMGD), mass median

aerodynamic diameter (MMAD), geometric standard deviation (GSD), and emitted dose (ED).
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The dry particles of the subject technology may have a VMGD as measured by
HELOS/RODOS at 1.0 bar of about 10 um or less (e.g., about 0.1 pm to about 10 um).
Preferably, the dry particles of the subject technology have a VMGD of about 9 um or less (e.g.,
about 0.1 pm to about 9 pm), about 8 pm or less (e.g., about 0.1 um to about 8 um), about 7 um
or less (e.g., about 0.1 um to about 7 um), about 6 um or less (e.g., about 0.1 um to about 6 um),
about 5 um or less (e.g., less than 5 pm, about 0.1 um to about 5 um), about 4 um or less (e.g.,
0.1 um to about 4 um), about 3 um or less (e.g., 0.1 um to about 3 pm), about 2 pm or less (e.g.,
0.1 um to about 2 um), about 1 um or less (e.g., 0.1 um to about 1 um), about 0.5 pm to about 6
um, about 0.5 pm to about 5 um, about 0.5 um to about 4 um, about 0.5 um to about 3 um, or
about 0.5 pm to about 2 pm as measured by HELOS/RODQOS at 1.0 bar. In an exemplary
embodiment, the dry particles of the subject technology have a VMGD as measured by
HELOS/RODOS at 1.0 bar of about 1.3 to about 1.7 um. In another exemplary embodiment, the
dry particles of the subject technology have a VMGD as measured by HELOS/RODOS at 1.0 bar
of about 0.5 pm to about 2 um.

Alternatively, the dry particles may have a VMGD as measured by HELOS/RODOS at
1.0 bar of about 30 um or less (e.g., about 5 um to about 30 um). Preferably, the dry particles of
the subject technology have a VMGD of about 25 um or less (e.g., about 5 pm to about 25 um),
about 20 pm or less (e.g., about 5 um to about 20 um), about 15 um or less (e.g., about 5 um to
about 15 pm), about 12 um or less (e.g., about 5 um to about 12 um), about 10 um or less (e.g.,
about 5 um to about 10 um), or about 8 um or less (e.g., 6 um to about 8 um) as measured by
HELOS/RODOS at 1.0 bar. The dry powders can comprise a mixture of particles having
different sizes.

The respirable dry particles can have an MMAD of about 10 um or less, such as an
MMAD of about 0.5 pum to about 10 um, about 1 pm to about 10 um, about 0.5 um to about 5
um, about 2 um to about 3 um, or about 1 pm to about 5 um. Preferably, the dry particles of the
subject technology have an MMAD of about 5 um or less (e.g. about 0.5 um to about 5 um,
preferably about 1 um to about 5 um), about 4 um or less (e.g., about 1 um to about 4 um),
about 3.8 um or less (e.g. about 1 um to about 3.8 um), about 3.5 um or less (e.g. about 1 pm to
about 3.5 pm), about 3.2 um or less (e.g. about 1 pm to about 3.2 um), about 3 um or less (e.g.
about 1 um to about 3.0 pm), about 2.8 um or less (e.g. about 1 pm to about 2.8 um), about 2.2
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um or less (e.g. about 1 um to about 2.2 um), about 2.0 um or less (e.g. about 1 um to about 2.0
um) or about 1.8 pm or less (e.g. about 1 micron to about 1.8 um).

Alternatively, the dry powder compositions disclosed herein have a geometric standard
deviation (GSD) of about 2.5 um or lower.

Alternatively, the dry powder compositions disclosed herein have an emitted dose (ED)
of about 75% or higher.

Alternatively, the dry powders and dry particles of the subject technology have a FPF of
less than 5.0 um (FPF_TD < 5.0 pm) of at least about 20%, at least about 30%, at least about
45%, at least about 40%, at least about 45%, at least about 50%, at least about 60%, at least
about 65% or at least about 70%. Alternatively or in addition, the dry powders and dry particles
of the subject technology have a FPF of less than 5.0 um of the emitted dose (FPF_ED< 5.0 um)
of at least about 45%, at least about 50%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, or at least about 85%.

In another embodiment, the dry powders and dry particles of the invention can have an
FPF of less than about 5.6 pm (FPF < 5.6 um) of at least about 20%, at least about 30%, at least
about 40%, preferably at least about 45%, at least about 50%, at least about 55%, at least about
60%, at least about 65%, or at least about 70%.

In a third embodiment, embodiment, the dry powders and dry particles of the invention
can have an FPF of less than about 3.4 um (FPF < 3.4 um) of at least about 20%, preferably at
least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%,
at least about 50%, or at least about 55%.

The dry powders and dry particles may have a tap density of about 0.1 g/cm’ to about 1.0
g/cm’. For example, the small and dispersible dry particles have a tap density of about 0.1 g/cm’
to about 0.9 g/cm’, about 0.2 g/em’ to about 0.9 g/em’, about 0.2 g/em’ to about 0.9 g/cm’, about
0.3 g/em’ to about 0.9 g/cm’, about 0.4 g/em’ to about 0.9 g/em’, about 0.5 g/em’ to about 0.9
g/cm’, or about 0.5 g/cm’ to about 0.8 g/cm’, greater than about 0.4 g/cc, greater than about 0.5
g/cc, greater than about 0.6 g/cc, greater than about 0.7 g/cc, about 0.1 g/cm’ to about 0.8 g/cm’,
about 0.1 g/cm’ to about 0.7 g/cm’, about 0.1 g/em’ to about 0.6 g/cm’, about 0.1 g/cm’ to about
0.5 g/em’, about 0.1 g/em’ to about 0.4 g/em’, about 0.1 g/cm’ to about 0.3 g/cm’, less than 0.3

g/cm’. In a preferred embodiment, tap density is greater than about 0.4 g/cm’; in another
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preferred embodiment, tap density is greater than about 0.5 g/cm’. Alternatively, tap density may
be less than about 0.4 g/cm’.

The dry powders and dry particles can have a water or solvent content of less than about
15% by weight of the dry particle. For example, the dry particles can have a water or solvent
content of less than about 15% by weight, less than about 13% by weight, less than about 11.5%
by weight, less than about 10% by weight, less than about 9% by weight, less than about 8% by
weight, less than about 7% by weight, less than about 6% by weight, less than about 5% by
weight, less than about 4% by weight, less than about 3% by weight, less than about 2% by
weight, less than about 1% by weight or be anhydrous. In another embodiment, the dry particles
of the subject technology can have a water or solvent content of less than about 6% and greater
than about 1%, less than about 5.5% and greater than about 1.5%, less than about 5% and greater
than about 2%, about 2%, about 2.5%, about 3%, about 3.5%, about 4%, about 4.5% about 5%.

Depending on the specific applications, the present composition (e.g., the present dry
powders or dry particles) may contain a low or high percentage of API in the composition. For
example, the dry particles may contain 3% or more, 5% or more, 10% or more, 15% or more, 20%
or more, 25% or more, 30% or more, 35% or more, 40% or more, 50% or more, 60% or more, 70%
or more, 75% or more, 80% or more, 85% or more, 90% or more, 95% or more, about 99% or
more, about 40% to about 95%, about 50% to about 95%, about 30% to about 99%, about 40%
to about 99%, about 50% to about 99%, about 60% to about 99%, about 70% to about 99%,
about 80% to about 99%, about 97.5%, about 99.5%, about 99.75%, about 99.9%, about 99.95%,
or about 99.9% (weight percentage, w/w) of the active ingredient (e.g., ASA).

5. DELIVERY OF DRY POWDERS

In a dry powder inhalation technique, a patient can use a dry powder inhaler to inhale a
powder formulation of a drug, such as a NSAID. The dose is effective to reduce a risk of a
thromboembolic event in the patient.

Various types of inhalers can be used to provide the drug using a DPI or MDI delivery
system. The dose administered can be effective to reduce a risk of a thromboembolic event in a

patient.
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For example, the dry powder inhaler can comprise a mouthpiece, a reservoir for receiving
the dry powder composition comprising an API (e.g., NSAID), and an actuation member for
making available the dry powder composition for inhalation by a patient through the mouthpiece.

The methods and systems of the present invention may be adapted for use with any DPI
or MDI device, including, but not limited to the inhalers disclosed is U. S. Patent No. 4,995,385
and 4,069,819, Spinhaler® (Fisons, Loughborough, U K.), Rotahalers®, Diskhaler® and
Diskus® (GlaxoSmithKline, Research Triangle Technology Park, North Carolina), Ellipta™,
Handihaler®, FlowCapss®, Neohaler®, Pressair ™, Rotahaler®, Turbuhaler®, Twisthaler®,
XCaps (Hovione, Loures, Portugal), Inhalators® (BoehringerIngelheim, Germany), Aerolizer®
(Novartis, Switzerland), CDMHaler, and Podhaler™, (see, e.g.,
http://www.nationaljewish.org/healthinfo/medications/devices/dry-powder).

The methods and systems of the invention provide an apparatus and method for providing
a therapeutically effective dose of an API (e.g., an NSAID) in order to reduce the risk of a
thromboembolic event. As discussed above, the general approach is to deliver an NSAID in a
pharmaceutically acceptable powdered form (e.g., Acetylsalicylic acid, and/or derivatives
thereof’) by means of an inhaler.

With respect to the particle size distribution (PSD) and aerodynamic particle size
distribution (APSD), the dry powder compositions disclosed herein may contain particles having
same (or similar) size distribution, or particles having different size distributions. The particle
sizes of the dry powder compositions disclosed herein may have a mono-modal, bimodal or
multimodal distribution. As a result, the dry powder compositions disclosed herein may produce
mono-modal, bimodal or multimodal absorption. In other words, administration of the dry
powder compositions disclosed herein may result in a mono-modal, bimodal or multimodal
concentration-time profile.

For example, the dry powder compositions disclosed herein may contain one, two or
three groups of the following: particles with a median aerodynamic diameter in a range from
about 1 um to about 5 um or from about 2 um to about 3 um, particles with a median
aerodynamic diameter in a range from about 5 um to about 15 um, and particles with a median
aerodynamic diameter greater than about 15 um,

Mixing particles of the same API (e.g., acetylsalicylic acid), using batches of particles

having different size distributions, may reduce bridging. For example, while a composition
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having a relatively uniform particle size will aggregate, providing a blended composition having
some particles with a median aerodynamic diameter in a range from about 1 um to about 5 um,
other particles with a median aerodynamic diameter in a range from about 5 um to about 15 um,
and still other particles with a median aerodynamic diameter greater than about 15 um, may
inhibit aggregation and maintain the deposition characteristics of the preparation. In effect, the
pharmaceutically active compound is used to replace the function of an excipient (such as lactose)
with respect to preventing aggregation during storage of the medicament.

In addition, by selecting the proportions of the various particle sizes, one can provide
formulations that are faster or slower acting, based on the location of where the drug is
ultimately deposited. For example, some embodiments provide a preparation that comprises 80%
acetylsalicylic acid particles with a median aerodynamic diameter of about 1 pm to about 5 pm,
and about 20% of particles with a median aerodynamic diameter of at least 15 pm. Other
combinations are possible as well, and those of skill in the art will readily appreciate that faster
acting preparations will comprise proportionately more smaller particles, while slower acting
preparations will comprise proportionately more large particles. Thus, using the apparatus and
methods described herein it is therefore possible to provide a therapeutically effective dose of an
API (e.g., an NSAID such as acetylsalicylic acid) via the respiratory tract, at least as rapidly as
can be achieved by oral dosing.

Where a slower acting dosage form is desired, the formulation may include increasing
fractions of particles with a median aerodynamic diameter in the range from about 5 pm to about
10 um, or 15 pm or greater. These preparations would result in deposition in either the airways
or oral cavity and pharynx and thus provide a more gradual increase in circulating levels of
acetylsalicylic acid and its metabolic derivatives.

Accordingly, one aspect of the subject technology provides a dry powder that comprises a
mixture of particles of various sizes.

For example, the dry powder or the dry powder compositions disclosed herein can
comprise particles of large sizes, as measured by VMGD (e.g., VMGD > 15 um, such as > 20
um or 20-30 um) and of small sizes, as measured by VMGD (e.g., VMGD <5 um, such as 1-3
um) at a ratio (w:w) of: about 1:1, about 1:2, about 1:3, about 1:4, about 1:5, about 1:6, about 1:7,
about 1:8, about 1:10, about 1:15, about 1:20, about 1:25, about 1:30, about 1:40, about 1:50,
about 1:100, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 9:1,

23



10

20

30

WO 2019/059953 PCT/US2017/053569

about 10:1, about 15:1, about 20:1, about 25:1, about 30:1, about 40:1, about 50:1, or about
100:1, etc.

Alternatively, the dry powder or the dry powder compositions disclosed herein can
comprise: about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%
(weight percentage) of particles having VMGD of about 10 um or less, preferably about 5 pm or
less. Particles of 10 um or less generally can reach lungs, and particles of 5 um or less (e.g., 1-3
um) generally can reach alveoli.

In another embodiment, the dry powder or the dry powder compositions disclosed herein
can comprise: about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%
(weight percentage) of particles having VMGD of between about 5 um to about 20 um,
preferably between about 5 pm to about 15 um, or between about 5 um to about 10 um.

Alternatively, the dry powder or the dry powder compositions disclosed herein can
comprise: about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%
(weight percentage) of particles having VMGD of about 15 um, 20 um or more.

The above features can be combined. For example, the dry power or the dry powder
compositions disclosed herein can comprise about 50% of particles of about 5 um or less
(VMGD), about 25% of particles of about 5 to about 15 um (VMGD), and about 25% of
particles of about 15 pm or more (VMGD).

The dry powder or the dry powder compositions disclosed herein can also comprise a
mixture of particles having various mass median aerodynamic diameters (MMAD). For example,
the dry powder or the dry powder compositions disclosed herein can comprise particles of large
sizes (e.g., MMAD 2: 15 pm, such as 2:20 um or 20-30 um) and of small sizes (e.g., MMAD: 5
um, such as 1-3 um) at a ratio (w:w) of: about 1:1, about 1:2, about 1:3, about 1:4, about 1:5,
about 1:6, about 1:7, about 1:8, about 1:10, about 1:15, about 1:20, about 1:25, about 1:30, about
1:40, about 1:50, about 1:100, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1,
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about 8:1, about 9:1, about 10:1, about 15:1, about 20:1, about 25:1, about 30:1, about 40:1,
about 50:1, or about 100:1, etc.

Alternatively, the dry powder or the dry powder compositions disclosed herein can
comprise: about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%
(weight percentage) of particles having MMAD of about 10 um or less, preferably about 5 um or
less. Particles of 10 um or less generally can reach lungs, and particles of 5 um or less (e.g., 1-3
um) generally can reach alveoli.

In another embodiment, the dry powder or the dry powder compositions disclosed herein
can comprise: about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%
(weight percentage) of particles having MMAD of between about 5 um to about 20 um,
preferably between about 5 pm to about 15 um, or between about 5 um to about 10 um.

In another embodiment, the dry powder or the dry powder compositions disclosed herein
can comprise: about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 50%, about 55%, about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%
(weight percentage) of particles having MMAD of about 15 um or more, preferably 20 pm or
more.

The above features can be combined. For example, the dry power can comprise about 50%
of particles of about 5 pm or less (MMAD), about 25% of particles of about 5 to about 15 um
(MMAD), and about 25% of particles of about 15 um or more (MMAD).

In certain embodiments, the dry powder compositions disclosed herein may not have
excipients other than MgST, which may be an anti-aggregation (or anti-bridging) excipient.

The dry powder compositions disclosed herein can comprise a mixture of particles of
various sizes, and is effective to substantially prevent or reduce particle bridging. In certain
embodiments, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least 80%, at least
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about 85%, or at least about 90% of the API (e.g., NSAID (such as acetylsalicylic acid)) in the

dry powder is delivered to the alveolar spaces of a lung.

6. METHODS FOR PREPARING DRY POWDERS AND DRY PARTICLES

The dry particles and dry powder compositions disclosed herein can be prepared using
any suitable method. Many suitable methods for preparing dry powders and particles are
conventional in the art, and include single and double emulsion solvent evaporation, spray drying,
milling (e.g., jet milling), blending, solvent extraction, solvent evaporation, phase separation,
simple and complex coacervation, interfacial polymerization, suitable methods that involve the
use of supercritical carbon dioxide (CO,), co-micronization, and other suitable methods. Dry
particles can be made using methods for making microspheres or microcapsules known in the art.
These methods can be employed under conditions that result in the formation of dry particles
having the desired aerodynamic properties (e.g., aerodynamic diameter and geometric diameter)
and unexpected stability as disclosed herein. If desired, dry particles with desired properties,
such as size and density, can be selected using suitable methods, such as sieving.
Co-Micronization

The API/MgST dry powder compositions disclosed herein can be prepared by co-
micronization. Suitable co-micronization techniques are described, for example, by Stank and
Stechel, “Physico-chemical characterization of surface modified particles for inhalation,”
International Jounal of Pharmaceutics, 2013, 448:9-18, which is herein incorporated by reference
in its entirety.

In certain embodiments, the micronized powders are rested for 24 hours and packaged.
Other Excipients

The API/MgST dry powder compositions disclosed herein can be encapsulated, e.g., by
another pharmaceutical excipient such as lactose, sugar, or a polymer. In certain embodiments,
the other pharmaceutical excipient is hydrophobic. In certain embodiments, the other
pharmaceutical excipient is a fatty acid with about 10 to about 30 carbons, or about 19 to about
30 carbons.

In addition, the API/MgST dry powder compositions disclosed herein can be mixed
and/or coated with various pharmaceutically acceptable excipients. Excipients can be included

in order to improve aerodynamic performance of the active drug, to improve bioavailability,
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increase stability, to modulate pH, to provide sustained release properties, to provide taste-
masking of an irritating drug and/or to improve pharmacokinetic performance.

With dry powder compositions, excipients can also provide a carrier function to reduce
clumping of the active pharmaceutical ingredient and to improve suspension of the formulation
in the airflow as the pharmaceutical preparation is being inhaled. Such carriers can include
substances such as, but not limited to, sugars/sugar alcohols such as glucose, saccharose, lactose
and fructose, starches or starch derivatives, oligosaccharides such as dextrins, cyclodextrins and
their derivatives, polyvinylpyrrolidine, alginic acid, tylose, silicic acid, cellulose, cellulose
derivatives, sugar alcohols such as mannitol or sorbitol, calcium carbonate, calcium phosphate,
lactose, lactitol, dextrates, dextrose, maltodextrin, saccharides including monosaccharides,
disaccharides, polysaccharides; sugar alcohols such as arabinose, ribose, mannose, sucrose,
trehelose, maltose and dextran.

In some cases, an excipient can be provided in order to coat the active pharmaceutical
ingredient, thus "masking" it. Masking is especially useful when the unmodified active
pharmaceutical is irritating or otherwise unpleasant to the recipient. For example, in some cases
it has been shown that coating a bitter molecule with a hydrogenated oil and surfactant
combination is effective to cover the otherwise unpleasant taste of the active ingredient.

Non-limiting examples of pharmaceutically acceptable excipients include phospholipids.
The phospholipids may or may not have surfactant properties. Examples of suitable phospholipid
excipients include, without limitation, phosphatidylcholines, phosphatidylethanolamines,
phosphatidylinositol, phosphatidylserines, sphingomyelin or other ceramides, as well as
phospholipid containing oils such as lecithin oils. Combinations of phospholipids, or mixtures of
a phospholipid(s) and other substance(s), may be used. In one embodiment, the phospholipids
used as excipients are soy lecithin. In another embodiment, the phospholipid is endogenous to
the lung.

Non-limiting examples of the phospholipids that may be used in the present composition
include, soy lecithin, dipalmitoylphosphatidylcholine (DPPC), distearoylphosphatidylcholine
(DSPC), dilaurylolyphosphatidylcholine (DLPC), dimyristoylphosphatidylcholine (DMPC),
dioleoylphosphatidylcholine (DOPC), dilaurylolylphosphatidylglycerol (DLPG),
dimyristoylphosphatidylglycerol (DMPG), dipalmitoylphosphatidylglycerol (DPPG),
distearoylphosphatidylglycerol (DSPG), dioleoylphosphatidylglycerol (DOPG), dimyristoyl
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phosphatidic acid (DMPA), dimyristoyl phosphatidic acid (DMPA), dipalmitoyl phosphatidic
acid (DPPA), dipalmitoyl phosphatidic acid (DPPA), dimyristoyl phosphatidylethanolamine
(DMPE), dipalmitoyl phosphatidylethanolamine (DPPE), dimyristoyl phosphatidylserine
(DMPS), dipalmitoyl phosphatidylserine (DPPS), dipalmitoyl sphingomyelin (DPSP), and
distearoyl sphingomyelin (DSSP).

In one embodiment, soy lecithin, dipalmitoyl phosphatidylcholine (DPPC), distearoyl
phosphatidylcholine (DSPC) or a mixture thereof are used as an excipient.

An excipient may be used to in the present composition. The excipient(s) may be present
at levels ranging from about 0% to about 99% (w/w), from about 0.01% to about 80% (w/w),
from about 0.05% to about 70% (w/w), from about 0.1% to about 60% (w/w), from about 0.1%
to about 50% (w/w), from about 0.1% to about 40% (w/w), from about 0.1% to about 30% (w/w),
from about 0.1% to about 20% (w/w), from about 0.1% to about 10% (w/w), from about 0.05%
to about 8% (w/w), from about 0.1% to about 6% (w/w), from about 5% to about 10% (w/w),
from about 3% to about 8% (w/w), from about 2% to about 6% (w/w), from about 0.1% to about
5% (w/w), from about 0.1% to about 4% (w/w), from about 0.1% to about 3% (w/w), from about
0.1% to about 2% (w/w), from about 0.1% to about 1% (w/w), from about 1% to about 6% (w/w),
from about 1% to about 5% (w/w), from about 1% to about 4% (w/w), or from about 1% to
about 3% (w/w) of the particles. In certain embodiments, one or more excipients (e.g., one or
more phospholipids) are present at levels in a range from about 0.1% to about 10% (w/w), from
about 1% to about 5% (w/w), about 0.1%, about 5% (w/w), about 3%, or about 10% (w/w) of the
particles.

In addition, in some embodiments, the surfactant can be provided in combination with
one or more additional excipients including absorbents, acidifiers, alkalizers, buffers,
antimicrobial agents, antioxidants, binders, solubilizing agents, solvents, viscosity modifiers,
humectants and combinations thereof. In some embodiments the formulation includes salts in
amounts effective to render the dissolved formulation isosmotic with the lung.

Respirable dry particles and dry powder compositions disclosed herein can be fabricated
and then separated, for example, by filtration or centrifugation by means of a cyclone, to provide
a particle sample with a preselected size distribution. For example, greater than about 30%,
greater than about 40%, greater than about 50%, greater than about 60%, greater than about 70%,

greater than about 80%, or greater than about 90% of the respirable dry particles in a sample can
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have a diameter within a selected range. The selected range within which a certain percentage of
the respirable dry particles fall can be, for example, any of the size ranges described herein, such
as between about 0.1 to about 3 pum VMGD.

The diameter of the respirable dry particles, for example, their VMGD, can be measured
using an electrical zone sensing instrument such as a Multisizer lie, (Coulter Electronic, Luton,
Beds, England), or a laser diffraction instrument such as a HELOS system (Sympatec, Princeton,
NJ). Other instruments for measuring particle geometric diameter are well known in the art. The
diameter of respirable dry particles in a sample will range depending upon factors such as
particle composition and methods of synthesis. The distribution of size of respirable dry
particles in a sample can be selected to permit optimal deposition within targeted sites within the
respiratory system.

Experimentally, aerodynamic diameter can be determined using time of flight (TOF)
measurements. For example, an instrument such as the Model 3225 Aerosizer DSP Particle Size
Analyzer (Amherst Process Instrument, Inc., Amherst, MA) can be used to measure aerodynamic
diameter. The Aerosizer measures the time taken for individual respirable dry particles to pass
between two fixed laser beams.

Aerodynamic diameter also can be experimentally determined directly using
conventional gravitational settling methods, in which the time required for a sample of respirable
dry particles to settle a certain distance is measured. Indirect methods for measuring the mass
median aerodynamic diameter include the Andersen Cascade Impactor (ACI) and the multi-stage
liquid impinger (MSLI) methods. Another method of measuring the aerodynamic diameter is
with a Next Generation Impactor (NGI). The NGI operates on similar principles of inertial
impaction as the ACI. The NGI consists of seven stages and can be calibrated at flow rates of 30,
60, and 100 LPM. In contrast to the ACI, for which the impactor stages are stacked, the stages
of the NGI are all in one plane. Collection cups are used to collect the particles below each stage
of the NGI. U.S. Patent No. 8,614,255. The methods and instruments for measuring particle
aerodynamic diameter are well known in the art. Unless otherwise specified, the NGI
characterizations disclosed herein are obtained according to USP <601> NGI (apparatus 5)

method requiring a 4k Pa pressure drop (see, e.g.,

11, which is incorporated

herein by reference).
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The dry powder compositions disclosed herein comprise substantially dry particles
having a mass median aerodynamic diameter (MMAD) within a range of about 0.5 um to about
10 um, or about 2 pm to about 3 um, wherein the dry powder compositions disclosed herein
further comprises one or more phospholipids in an amount ranging from about 0.1% (w/w) to
about 10% (w/w) of the dry particles. The particles may have an MMAD size distribution where
the particles exhibit: (i) a DV90 less than about 20 pm, a DV 50 less than about 7 pm, and a
DV10 less than about 2 um; (ii) a DV90 less than about 10 pm, a DV50 less than about 4 um,
and a DV10 less than about 1 um; or (iii) a DV90 less than about 6 um, a DV50 less than about
3 pum, and a DV10 less than about 1 um.

The dry powder compositions disclosed herein may comprise particles coated with a
pharmaceutically acceptable excipient. The pharmaceutically acceptable excipient can be a
phospholipid having surfactant properties, such as dipalmitoyl phosphatidylcholine (DPPC),
distearoyl phosphatidylcholine (DSPC) or soy lecithin, in an amount ranging from about 0.1% to
about 10% w/w or in an amount ranging from about 1% to about 5% w/w. In one embodiment,
the weight percentage of the DSPC on the dry particles is 5% w/w. In another embodiment, the
respirable dry powder of the soy lecithin of the dry particles is 0.1% w/w.

In certain embodiments, the drug delivery system disclosed herein is effective in reducing
the risk of a thromboembolic event or treat thrombosis. The dose of acetylsalicylic acid may be
present at amounts ranging from about 5 mg to about 40 mg. The formulation my further
comprise clopidogrel. The respirable dry powders can have an emitted dose ranging from about
75% to about 95%.

In certain embodiments, the dry powder composition disclosed herein (e.g., ASA/MgST)
substantially comprise dry particles having a MMAD ranging from about 2.0 to about 3.0 um
and an emitted dose ranging from about 55% to about 85%, about 58% to about 85%, or about
70% to about 85%. In this embodiment, the mass percent of API (e.g., ASA) collected
(compared to the ED in API mass) in each stage or combinations thereof in an NGI testing
apparatus of the dry powder compositions disclosed herein are at, stage 1 about 5% to about 12%,
about 5% to about 10%, about 6% to about 9%, about 7% to about 8.5%, about 9.85%, about
8.54%, about 7.73%, about7.63%, about 7.5%, about 6.79%, or about 5.89%; at stage 2 about 10%
to about 25%, about 10% to about 20%, about 10% to about 17%, about 10% to about 15%,
about 10% to about 12%, about 22.25%, about 21.56%, about 20.43%, about 20.06%, about
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19.6%, about 17.42%, or about 16.52%; at stage 3 about 10% to about 30%, about 15% to about
25%, about 20% to about 25%, about 25.89%, about 25.79%, about 24.70%, about 23.26%,
about 22.56%, about 20.63%, about 18.47%, or about 9.87%; at stage 4, about 10% to about 25%,
about 15% to about 25%, about 17% to about 25%, about 20% to about 25%, about 21.30%,
about 19.29%, about 18.8%, about 17.47%, about 17.17%, or about 12.77%; at stage 5 about 5%
to about 10%, about 9.74%, about 9.39%, about 8.63%, about 7.98%, about 7.73%, about 7.22%,
or about 4.86%; at stages 2-3 about 20% to about 50%, about 30% to about 50%, about 35% to
about 50%, about 40% to about 50%, about 45% to about 50%, about 48.04%, about 44.82%,
about 44.76%, about 43.30%, about 42.99%, about 40.14%, about 34.99%, or about 19.96%; at
stages 4-6 about 10% to about 35%, about 20% to about 35%, about 20% to about 30%, about 25%
to about 30%, about 32.11%, about 31.92%, about 31.39%, about 27.93%, about 27.25%, about
26.31%, about 18.93%, or about 10.15%; and at stages 7-8 about 1% to about 20%, about 1% to
about 10%, about 1% to about 5%, about 1% to about 3%, about 16.9%, about 1.64%, about
1.49%, about 1.46%, about 1.29%, about 1.21%, or about 0.88%; and fine particle fraction (FPF)
ranges from about 30% to about 50%, about 35% to about 45%, about 40% to about 45%, about
43.63%, about 39.51%, about 39.17%, about 37.55%, about 35.21%, about 33.83%, or about
32.67%. Ranges between 90%-110% or 80%-120% of actual percentages set forth above are
encompassed within each embodiment.

Tap density is a measure of the envelope mass density characterizing a particle. The
envelope mass density of a particle of a statistically isotropic shape is defined as the mass of the
particle divided by the minimum sphere envelope volume within which it can be enclosed.
Features which can contribute to low tap density include irregular surface texture and porous
structure. Tap density can be measured by using instruments known to those skilled in the art
such as the Dual Platform Microprocessor Controlled Tap Density Tester (Vankel, NC), a
GeoPyc™ instrument (Micrometries Instrument Corp., Norcross, GA), or SOTAX Tap Density
Tester model TD2 (SOTAX Corp., Horsham, PA). Tap density can be determined using the
method of USP Bulk Density and Tapped Density, United States Pharmacopia convention,
Rockville, MD, 10" Supplement, 4950-4951, 1999.

Fine particle fraction (FPF) can be used as one way to characterize the aerosol
performance of a dispersed powder. Fine particle fraction describes the size distribution of

airborne respirable dry particles. Gravimetric analysis, using a Cascade impactor, is one method
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of measuring the size distribution, or fine particle fraction, of airborne respirable dry particles.
The Andersen Cascade Impactor (ACI) is an eight-stage impactor that can separate aerosols into
nine distinct fractions based on aerodynamic size. The size cutoffs of each stage are dependent
upon the flow rate at which the ACI is operated. The ACI is made up of multiple stages
consisting of a series of nozzles (i.e., a jet plate) and an impaction surface (i.e., an impaction
disc). At each stage an aerosol stream passes through the nozzles and impinges upon the surface.
Respirable dry particles in the aerosol stream with a large enough inertia will impact upon the
plate. Smaller respirable dry particles that do not have enough inertia to impact on the plate will
remain in the aerosol stream and be carried to the next stage. Each successive stage of the ACI
has a higher aerosol velocity in the nozzles so that smaller respirable dry particles can be
collected at each successive stage.

The subject technology also relates to a respirable dry powder or respirable dry particles
produced using any of the methods described herein.

The dry particles or dry powder compositions disclosed herein can also be characterized
by the chemical stability of the salts or the excipients that the dry particles comprise. The
chemical stability of the constituent salts can affect important characteristics of the particles
including shelf-life, proper storage conditions, acceptable environments for administration,
biological compatibility, and effectiveness of the salts. Chemical stability can be assessed using
techniques well known in the art. One example of a technique that can be used to assess
chemical stability is reverse phase high performance liquid chromatography (RP-HPLC).

If desired, the dry particles and dry powder compositions described herein can be further
processed to increase stability. An important characteristic of pharmaceutical dry powders is
whether they are stable at different temperature and humidity conditions. Unstable powders will
absorb moisture from the environment and agglomerate, thus altering particle size distribution of
the powder.

Excipients, such as maltodextrin, may be used to create more stable particles and
powders. The maltodextrin may act as an amorphous phase stabilizer and inhibit the components
from converting from an amorphous to crystalline state. Alternatively, a post-processing step to
help the particles through the crystallization process in a controlled way (e.g., on the baghouse at
elevated humidity) can be employed with the resultant powder potentially being further

processed to restore their dispersibility if agglomerates formed during the crystallization process,
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such as by passing the particles through a cyclone to break apart the agglomerates. Another
possible approach is to optimize around process conditions that lead to manufacturing particles
that are more crystalline and therefore more stable. Another approach is to use different
excipients, or different levels of current excipients to attempt to manufacture more stable forms
of the salts.

The respirable dry particles and dry powders described herein are suitable for inhalation
therapies. The respirable dry particles may be fabricated with the appropriate material, surface
roughness, diameter, and tap density for localized delivery to selected regions of the respiratory
system such as the deep lung or upper or central airways. For example, higher density or larger
respirable dry particles may be used for upper airway delivery, or a mixture of varying size
respirable dry particles in a sample, provided with the same or a different formulation, may be
administered to target different regions of the lung in one administration.

In order to relate the dispersion of powder at different inhalation flow rates, volumes, and
from inhalers of different resistances, the energy required to perform the inhalation maneuver
can be calculated. Inhalation energy can be calculated from the equation E=R*Q*V where E is
the inhalation energy in Joules, R is the inhaler resistance in kPa"/LPM, Q is the steady flow
rate in L/min and V is the inhaled air volume in L.

Healthy adult populations are predicted to be able to achieve inhalation energies ranging
from 2.9 to 22 Joules by using values of peak inspiratory flow rate (PIFR) measured by Clarke et
al. (Journal of Aerosol Med, 6(2), p.99-110, 1993) for the flow rate Q from two inhaler
resistances of 0.02 and 0.055 kPal/2/LPM, with a inhalation volume of 2L based on both FDA
guidance documents for dry powder inhalers and on the work of Tiddens e7 a/. (Journal of
Aerosol Med, 19, (4), p.456-465, 2006) who found adults averaging 2.2L inhaled volume
through a variety of DPIs.

7. METHODS OF TREATMENT

In other aspects, the subject technology is a method for treating (including prophylactic
treatment or reducing the risk) of a cardiovascular disease (such as thrombosis), comprising
administering to the respiratory tract of a subject in need thereof an effective amount of the dry
particles or dry powder compositions described herein. In certain embodiments, the dry particles

or dry powder compositions disclosed herein are delivered by the DPI or MDI as disclosed
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herein. In certain embodiment, the dry particles or dry powder compositions disclosed herein are
delivered by actuating a dry delivery system comprising the DPI or MDI as disclosed herein and
the dry particles or dry powder compositions disclosed herein.

Cardiovascular diseases include, for example, atherosclerosis, coronary artery disease
(CAD), angina pectoris (commonly known as "angina"), thrombosis, ischemic heart disease,
coronary insufficiency, peripheral vascular disease, myocardial infarction, cerebrovascular
disease (such as stroke), transient ischemic attack, arteriolosclerosis, small vessel disease,
elevated cholesterol, intermittent claudication or hypertension.

The respirable dry particles and dry powder compositions disclosed herein can be
administered to the respiratory tract of a subject in need thereof using any suitable method, such
as instillation techniques, and/or an inhalation device, such as a dry powder inhaler (DPI) or
metered dose inhaler (MDI). A number of DPIs are available, such as, the inhalers disclosed is
U. S. Patent No. 4,995,385 and 4,069,819, Spinhaler® (Fisons, Loughborough, U.K)),
Rotahalers®, Diskhaler® and Diskus® (GlaxoSmithKline, Research Triangle Technology Park,
North Carolina), Ellipta™, Handihaler®, FlowCapss®, Neohaler®, Pressair ™, Rotahaler®,
Turbuhaler®, Twisthaler®, XCaps (Hovione, Loures, Portugal), Inhalators®
(BoehringerIngelheim, Germany), Aerolizer® (Novartis, Switzerland), CDMHaler, Podhaler™,
and others known to those skilled in the art.

Generally, inhalation devices (e.g., DPIs) are able to deliver a maximum amount of dry
powder or dry particles in a single inhalation, which is related to the capacity of the blisters,
capsules (e.g. size 000, 00, OE, 0, 1, 2, 3, and 4, with respective volumetric capacities of 1.37ml,
950ul, 770ul, 680ul, 480ul, 360ul, 270ul, and 200ul) or other means that contain the dry
particles or dry powders within the inhaler. Accordingly, delivery of a desired dose or effective
amount may require two or more inhalations. Preferably, each dose that is administered to a
subject in need thereof contains an effective amount of respirable dry particles or dry powder and
is administered using no more than about 4 inhalations. For example, each dose of respirable dry
particles or dry powder can be administered in a single inhalation or 2, 3, or 4 inhalations. The
respirable dry particles and dry powders are preferably administered in a single, breath-activated
step using a breath-activated DPI. When this type of device is used, the energy of the subject's

inhalation both disperses the respirable dry particles and draws them into the respiratory tract.
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The respirable dry particles or dry powders can be delivered by inhalation to a desired
area within the respiratory tract, as desired. It is well known that particles with an MMAD of
about 1 um to about 3 um, can be effectively delivered to the deep lung regions such as the
alveolar spaces. Larger aerodynamic diameters, for example, from about 3 um to about 5 um can
be delivered to the central and upper airways.

For dry powder inhalers, oral cavity deposition is dominated by inertial impaction and so
characterized by the aerosol's Stokes number (DeHaan ef al. Journal of Aerosol Science, 35 (3),
309-331, 2003). For equivalent inhaler geometry, breathing pattern and oral cavity geometry, the
Stokes number, and so the oral cavity deposition, is primarily affected by the aerodynamic size
of the inhaled powder. Hence, factors that contribute to oral deposition of a powder include the
size distribution of the individual particles and the dispersibility of the powder. If the MMAD of
the individual particles is too large, e.g. above 5 um, then an increasing percentage of powder
will deposit in the oral cavity. Likewise, if a powder has poor dispersibility, it is an indication
that the particles will leave the dry powder inhaler and enter the oral cavity as agglomerates.
Agglomerated powder will perform aerodynamically like an individual particle as large as the
agglomerate, therefore even if the individual particles are small (e.g., MMAD of about 5 um or
less), the size distribution of the inhaled powder may have an MMAD of greater than about 5 um,
leading to enhanced oral cavity deposition.

Certain embodiments provide a powder in which the particles are small (e.g., MMAD of
5 um or less, e.g. between about 1 um to 5 pm), and are highly dispersible (e.g. 1/4 bar or
alternatively, 0.5/4 bar of 2.0, and preferably less than 1.5). The respirable dry powder may be
comprised of respirable dry particles with an MMAD between 1 to 4 um or 1 to 3 pm, and have
a 1/4 bar less than 1.4, or less than 1.3, and more preferably less than 1.2.

The absolute geometric diameter of the particles measured at 1 bar using the HELOS
system is not critical provided that the particle's envelope density is sufficient such that the
MMAD is in one of the ranges listed above, wherein MMAD is VMGD times the square root of
the envelope density (MMAD = VMGD*sqrt (envelope density)). If it is desired to deliver a high
unit dose of salt using a fixed volume-dosing container, then, particles of higher envelop density
are desired. High envelope density allows for more mass of powder to be contained within the
fixed volume-dosing container. Preferable envelope densities are greater than 0.1 g/cm’, greater

than 0.25 g/cm’, greater than 0.4 g/cm’, greater than 0.5 g/cm’, and greater than 0.6 g/cm’.
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The dry powder compositions disclosed herein can be employed in compositions suitable
for drug delivery via the respiratory system. For example, such compositions can include blends
of the respirable dry particles of the subject technology and one or more other dry particles or
powders, such as dry particles or dry powder compositions that contain another active agent, or
that consist of or consist essentially of one or more pharmaceutically acceptable excipients.

The dry powder compositions disclosed herein suitable for the methods disclosed herein
can travel through the upper airways (i.e., the oropharynx and larynx), the lower airways, which
include the trachea followed by bifurcations into the bronchi and bronchioli, and through the
terminal bronchioli which in turn divide into respiratory bronchiole leading then to the ultimate
respiratory zone, the alveoli or the deep lung. In one embodiment of the subject technology, most
of the mass of respirable dry powders or particles deposit in the deep lung. In another
embodiment of the subject technology, delivery is primarily to the central airways. In another
embodiment, delivery is to the upper airways.

The dry powder compositions disclosed herein can be delivered by inhalation at various
parts of the breathing cycle (e.g., laminar flow at mid-breath). An advantage of the high
dispersibility of the dry powder compositions disclosed herein is the ability to target deposition
in the respiratory tract. For example, breath controlled delivery of nebulized solutions is a recent
development in liquid aerosol delivery (Dalby ef al. in Inhalation Aerosols, edited by Hickey
2007, p. 437). In this case, nebulized droplets are released only during certain portions of the
breathing cycle. For deep lung delivery, droplets are released in the beginning of the inhalation
cycle, while for central airway deposition, they are released later in the inhalation.

The dry powder compositions disclosed herein provide advantages for targeting the
timing of drug delivery in the breathing cycle and also location in the human lung. Because dry
powder compositions disclosed herein can be dispersed rapidly, such as within a fraction of a
typical inhalation maneuver, the timing of the powder dispersal can be controlled to deliver an
aerosol at specific times within the inhalation.

With a highly dispersible powder, the complete dose of aerosol can be dispersed at the
beginning portion of the inhalation. While the patient's inhalation flow rate ramps up to the peak
inspiratory flow rate, a highly dispersible powder will begin to disperse already at the beginning
of the ramp up and could completely disperse a dose in the first portion of the inhalation. Since

the air that is inhaled at the beginning of the inhalation will ventilate deepest into the lungs,
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dispersing the most aerosol into the first part of the inhalation is preferable for deep lung
deposition. Similarly, for central deposition, dispersing the aerosol at a high concentration into
the air which will ventilate the central airways can be achieved by rapid dispersion of the dose
near the mid to end of the inhalation. This can be accomplished by a number of mechanical and
other means such as a switch operated by time, pressure or flow rate that diverts the patient's
inhaled air to the powder to be dispersed only after the switch conditions are met.

Aerosol dosage, formulations and delivery systems may be selected for a particular
therapeutic application, as described, for example, in Gonda, 1. "Aerosols for delivery of
therapeutic and diagnostic agents to the respiratory tract," in Critical Reviews in Therapeutic
Drug Carrier Systems, 6: 273-313 (1990); and in Moren, "Aerosol Dosage Forms and
Formulations," in Aerosols in Medicine, Principles, Diagnosis and Therapy, Moren, e al., Eds.,
Esevier, Amsterdam (1985).

Suitable intervals between doses that provide the desired therapeutic effect can be
determined based on the severity of the condition, overall well-being of the subject and the
subject's tolerance to respirable dry particles and dry powders and other considerations. Based on
these and other considerations, a clinician can determine appropriate intervals between doses.
Respirable dry particles and dry powders may be administered once, twice or three times a day
or on an as needed basis.

In various embodiments, the amount of API (e.g., NSAID, such as acetylsalicyclic acid),
delivered to the respiratory tract (e.g., lungs, respiratory airway) is about 0.001 mg/kg body
weight/dose to about 2 mg/kg body weight/dose, about 0.002 mg/kg body weight/dose to about 2
mg/kg body weight/dose, about 0.005 mg/kg body weight/dose to about 2 mg/kg body
weight/dose, about 0.01 mg/kg body weight/dose to about 2 mg/kg body weight/dose, about 0.02
mg/kg body weight/dose to about 2 mg/kg body weight/dose, about 0.05 mg/kg body
weight/dose to about 2 mg/kg body weight/dose, about 0.075 mg/kg body weight/dose to about 2
mg/kg body weight/dose, about 0.1 mg/kg body weight/dose to about 2 mg/kg body weight/dose,
about 0.2 mg/kg body weight/dose to about 2 mg/kg body weight/dose, about 0.5 mg/kg body
weight/dose to about 2 mg/kg body weight/dose, or about 0.75 mg/kg body weight/dose to about
2 mg/kg body weight/dose.

In certain embodiments, at least about 50%, at least about 60%, at least about 70%, at

least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,
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or at least about 99%, of the administered API (e.g., NSAIDs such as acetylsalicylic acid)
reaches the systemic circulation of a subject within about 60 minutes upon administration, or
within about 40 minutes upon administration, or within about 30 minutes upon administration, or
within about 20 minutes upon administration, or within about 15 minutes upon administration.,
or within about 5 minutes upon administration.

The dosing of API (e.g., NSAID such as acetylsalicyclic acid) may be adjusted so that
PGI2 synthesis capacity of the nasal, bronchial or pulmonary epithelial of endothelial cells,
including nasal mucosa cells, is not inhibited.

In certain embodiments, the method and delivery devices described herein can deliver
acetylsalicylic acid, and pharmacologically active metabolic byproducts of acetylsalicylic acid
thereof, to the systemic circulation, at levels that are substantially the same, or higher as
compared to those delivered by oral administration of about 30 mg of acetylsalicylic acid, about
40 mg of acetylsalicylic acid, about 50 mg of acetylsalicylic acid, about 80 mg of acetylsalicylic
acid or about 160 mg of acetylsalicylic acid.

The doses of acetylsalicylic acid administered in order to achieve a level (or an average
level among a population of patients) that is substantially the same, or higher as compared to
those delivered by oral administration of about 30 mg, about 40 mg, about 50mg, about 80 mg,
or about 160 mg of acetylsalicylic acid can be determined by conventional methods. The dosing,
administration techniques and schedules are known in the art and are within the ability of the
skilled clinician. For example, the serum level of acetylsalicylic acid, or a metabolite thereof, in
a subject (or average serum level among a population of subjects) can be determined by
conventional pharmacokinetic or pharmacodynamics studies.

In certain embodiments, the method and delivery devices described herein can deliver
acetylsalicylic acid to the systemic circulation such that the circulating plasma level of
acetylsalicylic acid is at least about 1 ug/mL, at least about 2 pg/mL, at least about 3 ug/mL, at
least about 4 pg/mL, at least about 5 ug/mL, oat least about 6 pg/mL, within about 60 minutes
upon administration, or within about 40 minutes upon administration, or within about 30 minutes
upon administration, or within about 20 minutes upon administration, or within about 15 minutes
upon administration, or within about 5 minutes upon administration.

In other embodiments, the method and delivery devices described herein can deliver

acetylsalicylic acid to the systemic circulation such that circulating plasma level of salicylate is
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about 8 ug/mL, about 9 ug/mL, about 10 pg/mL, about 11 pg/mL, about 12 ug/mL, or about 15
ng/mL, within about 60 minutes upon administration, or within about 40 minutes upon
administration, or within about 30 minutes upon administration, or within about 20 minutes upon
administration, or within about 15 minutes upon administration, or within about 5 minutes upon
administration.

If desired or indicated, the respirable dry particles and dry powders described herein can
be administered with one or more other therapeutic agents. The other therapeutic agents can be
administered by any suitable route, such as orally, parenterally (e.g., intravenous, intraarterial,
intramuscular, or subcutaneous injection), topically, by inhalation (e.g.,intrabronchial, intranasal
or oral inhalation, intranasal drops), rectally, vaginally, and the like. The respirable dry particles
and dry powders can be administered before, substantially concurrently with, or subsequent to
administration of the other therapeutic agent. Preferably, the respirable dry particles and dry
powders and the other therapeutic agent are administered so as to provide substantial overlap of

their pharmacologic activities.

The following examples of specific aspects for carrying out the present invention are
offered for illustrative purposes only, and are not intended to limit the scope of the present

invention in any way.

Example 1 Preparation of co-micronized ASA/MgST dry powder compositions
ASA and MgST were individually dissolved into a solution, respectively. ASA and
MgST were blended and co-micronized via air-jet microniser. The micronized powder was

rested for 24 hours and packaged for further analysis, as described in Examples 2-4.

Example 2: ASA remained unexpectedly stable in the co-micronized ASA compositions
with various concentration of MgST prepared according to Example 1

The co-micronized ASA compositions with MgST concentration of 10.00%, 5.00%,
1.00%, 0.50%, 0.25%, 0.10%, 0.05%, and 0.01% were prepared according to the co-
micronization method described in Example 1, and stored at various condition for up to 12
months. Then the co-micronized ASA/MgST compositions were analyzed by HPLC using a
Phenomenex C18 column (250 X 4.6 mm, 5 um) at 25 °C, at flow rate of 1.0 mL/min, with
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injection volume of 10 uL.. UV at 237 nm was used for detection. The mobile phase/diluent was
prepared by adding 2. mL phosphoric acid into a mixture of 400 mL acetonitrile and 600 water.
The sample was dissolved in acetonitrile and calibrated with standards to provide the assay %
(w/w) of ASA in the sample by the following Equation 1:

Equation 1:

wherein Std = standard, Samp = sample, Vol = Volume (mL), purity = purity of reference
standard material (%).

The co-micronized ASA/MgST compositions showed unexpectedly high ASA stability in

10  compositions with all MgST concentrations tested. It is well known that MgST is incompatible

with ASA as it can further facilitate the hydrolysis of ASA. Thus, it is unexpected that the ASA
in the co-micronized ASA compositions with MgST concentration remained stable after 12
months under 15-20 °C/35-45% RH (Table 2).
Table 2: ASA showed unexpected high stability in co-micronized ASA compositions with
various concentrations of MgST prepared according to Example 1 and stored at 15-

20 °C/35-45% RH for 12 months.

Ave,. of three runs
MgSt (%) | ASA %w/w | SA %w/w | Other impurities Yow/w
10.00 98 .98 1.30 <0.05
5.00 99 41 0.28 <0.05
1.00 101.80 0.40 <0.05
0.50 102.62 0.14 <0.05
0.25 101.38 0.17 <0.05
0.10 10281 0.18 <0.05
0.05 103.04 0.18 <0.05
0.01 84.84 0.16 <0.05

Example 3: ASA remained unexpectedly stable in the co-micronized ASA compositions
20  with various concentration of MgST prepared according to Example 1, 8 weeks under

20 °C/40% RH, 30 °C/60% RH, and 40 °C/75% RH.
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The co-micronized ASA compositions with MgST concentration of 0.50 were prepared
under 12 PPH, according to the co-micronization method described in Example 1, and stored
under 20 °C/40% RH, 30 °C/60% RH, and 40 °C/75% RH for up to 8 weeks. Then the co-
micronized ASA/MgST compositions were analyzed by HPLC using a ZORBAX Eclipse Plus
C18 column (3 mm X 100 mm, 3.5 um) at 25 °C, at flow rate of 1.0 mL/min, with injection
volume of 20 uL, and the auto-sampler temperature was 5 °C. UV at 275 nm was used for
detection. The mobile phase/diluent was water:methanol: TFA = 72:28:0.2 (v/v). The sample
was dissolved in the mobile phase/diluent and calibrated with standards to provide the assay %
(w/w) of ASA in the sample using Equation 1 of Example 2.

As shown in Tables 3A and 3B, ASA remained stable and hardly degraded into SA.
Table 3A: ASA showed unexpected high stability in co-micronized ASA compositions with
10% MgST prepared according to Example 1 and stored under 20 °C/40% RH, 30 °C/60%
RH, and 40 °C/75% RH for up to 8 weeks.

T=Rwauks Tedweeks T=Rwasks
BAZ {08 BE 18 {0.4) 8777 (089}

Table 3B: SA found in co-micronized ASA/MgST compositions with 10% MgST prepared
according to Example 1 and stored under 20 °C/40% RH, 30 °C/60% RH, and 40 °C/75%
RH for up to 8 weeks.

initial wgwaeks Tadwenks 3 T=Swoeks
S &2 28R 2.8

Example 4. Aerodynamic particle size distribution and particle size distribution stability of

ASA/MgST dry powder compositions.

A) Aerodynamic particle size distribution stability of ASA/MgST dry powder compositions with

various MgST concentrations prepared as described in Example 1 at 50°C/75% RH.
Aerodynamic diameter of ASA/MgST dry powder compositions prepared as described in

Example 1 may be characterized by a Next Generation Impactor (NGI). The NGI consisted of

seven stages and can be calibrated at flow rates of 30, 60, and 100 LPM. The stages of the NGI
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were all in one plane. Collection cups were used to collect the particles below each stage of the
NGI. See U.S. Patent No. 8,614,255, which is incorporated herein by reference for its entirety.

ASA/MgST formulations with MgST concentration of 0.5% w/w, 0.05% w/w, 0.01%
w/w, and 0.1% w/w were filled into size 3 capsules and packaged in HDPE bottles that were then
aluminium foil wrapped. Then the formulations were stored at S0°C/75% RH and characterized
by NGI for their aerodynamic particle size distribution (APSD) stability profile after storage for
5, 15, and 30 days (Figures 2A-2D).

The APSD data for the 0.5% w/w and 0.05% w/w MgST/ASA compositions suggested
that the respective aerodynamic particle size distribution of the formulations was stable across
the stress stability time-points (Figures 2A-2B). In comparison, the APSD of ASA/MgST dry
powder compositions containing 0.01% w/w and 0.1% w/w MgST were negatively impacted
upon stress stability storage (Figures 2C-2D). By 15-days stress stability, the FPM of both
formulations had decreased by 20% and there was a significant coarsening of the MMAD, which
was indicated by the shift in the APSD.

B) Particle size distribution (PSD) stability of ASA/MgST dry powder compositions with 10%
ww MgST prepared as described in Example 1 under 20 °C/40% RH, 30 °C/60% RH, and
40 °C/75% RH for up to 8 weeks.

Particle size distribution of the ASA/MgST compositions were measured by wet
dispersion using Spraytec along with the Wet Dispersion Unit (Malvern Instruments, Malvern,
UK) (Table 3C). Mie and Fraunhofer scattering were analysed. Data were acquired at 10k Hz
for the rapid mode, and at 1 Hz for the continuous mode, and the maximum measurement time
was 30 seconds for the rapid mode and 60 minutes for the continuous mode. The internal
measurement triggering was based on transmission or light scattering levels; and the external
measurement triggering was based on TTL input or simple switch trigger. Light source was Max
4mW He-Ne laser at 632.8 nm. The lens arrangement was fourier (parallel beam) and the lens
forcal length was 300 mm and 750 mm. The measurement range was 150 mm at 0.5 pum,
extending to greater than 1 m above 5 um. 300 mm lens was for size 0.1-900 um (DV50:0.5-600
um), and 750 mm lens was for size 2-2,000 um (DV50:5-1600 um). The software SOP was for
wet cell measurement: 300 mm lens, timed measure/1 s, sampling period/15 sec. The
measurement for background took 15 second. ASA refractive index was 1.57 + 0.10, density

was 1.00, and the refractive Index for cyclohexane was 1.43 Detector range was 1-Last, and the
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scattering threshold was 1. Stirrer/pump was at 3,000 rpm, obscuration was 5-15%, and internal
sonication time was 1 min. About 100 mL of dispersant was added in circulation with the pump
at 3,000 rpm. The unit was switched off for a brief period to allow trapped air to rise out of the
system. The light energy was below 100 and the laser intensity was between 70-95%. Sample
(about 10.0 = 1 mg powder) was dispersed in around 4 mL of cyclohexane by internal
ultrasonication for 1 min. Then the sample was added to the system until obscuration level was
between 5-15% for measurements.

The results showed that the PSD of the ASA/MgST dry powder composition having 10%
MgST remained relatively stable at under 20 °C/40% RH and 30 °C/60% RH, while the particle

sizes increased after storage under 40 °C/75% RH for a long timer (Figure 3).
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PSD of co-micronized ASA/MgST compositions with 10% MgST prepared
RH for up to 8 weeks.

WO 2019/059953
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according to Example 1 and stored under 20 °C/40% RH, 30 °C/60% RH, and 40 °C/75%

\z. ; } AT N D T P B
N T N L e b A T7| DO [ B iy L s Qs TR St DU vSy PV “ gl vl
PR R R 1 Ly “ Gl SR SP G KIS T 28 Gl B Bl
Q..ﬁs\?e,n‘muquMb«muiﬂﬂgésgou,wsﬁmmbmuwaumu\nws)\zm&éés % gl

ik [ Qv Do Brims Eg i oss £ Qiowin L0 B gt Tovc] M‘(z s Bhee 747 \We. o m}\. o3 N\:
ISR gRAR g A agRg s g
P e e UGS Thon B4 Do Blon (UG SUa) Dio I

o e e e e sle sle e slo cle dlo sla gle -
il o nz ")y i o 2 1R Wl S B L P
Far sy TR it ¢

§ 1 ON § DM 35k | S 2

ot s o s e e, e e, P n s, e e, o o

R AR AR R AR A AR A A A AR
faed fonc] d 2 fonc] fos] i ks booe] <3 fos] > £k pooe] <3

Z A B \\\:\:\ \\ \
it gt | wioaglwliololog|lw] ~§ ol s
Fiw s3I0 |¥{8]C 1818918812188

o3 oar oo | oo b od | o f e o oo ] ote § oo | ur o b oer | o

b File- A 2t Sl o
” . e 15
.?..1.?1?24.,..4 ,,wesm.?.msﬁ.qwz,‘m?\ F

\.‘., Y £ o
fo Cabey il ol g @l b Pt wted By
s caiud ol o

ub.v 143
oo

and 100 LPM. The stages of the NGI were all in one
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Aerodynamic particle size distribution (APSD) of ASA/MgST dry

APSD of ASA/MgST dry powder concentrations with various MgST concentrations were

Example §
Patent No. 8,614,255, which is incorporated herein by reference for its entirety. The results were

characterized by the Next Generation Impactor (NGI). The NGI consisted of seven stages and
plane. Collection cups were used to collect the particles below each stage of the NGI. See U.S.

shown in average from three runs of NGI measurements on each ASA/MgSt dry powder

powder compositions prepared as described in Example 1

can be calibrated at flow rates of 30
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composition (Figures 4A and 4B and Tables SA-5B showing NGI results of a first batch of the
dry powder compositions prepared as described in Example 1, and Figures 4C and 4D and
Tables 5C and 5D showing NGI results of a second batch of the dry powder compositions
prepared as described in Example 1).

Table SA: APSD of ASA/MgST dry powder composition with 0.01%, 0.05% 0.1%

and 0.25% w/w MgST

MgST% 0.01: Ave. (SD) | 0.05: Ave. (SD) | 0.1: Ave. (SD) | 0.25: Ave. (SD)
ED(ug) 27.79 (2.00) 26.45 (0.98) 28.19 (0.04) 27.03 (1.64)
MMAD (um) 3.02 (0.14) 2.67 (0.05) 3.40 (0.32) 3.27(0.18)
GSD 1.96 (0.13) 1.89 (0.03) 1.98 (0.024) 1.79 (0.04)
FPM(mg) 13.17 (0.99) 15.75 (0.27) 14.16 (0.61) 14.95 (0.11)
FPF(%) 32.69 (7.08) 39.42 (0.96) 35.49 (2.13) 37.61 (3.11)

Table SB: APSD of ASA/MgST dry powder composition with 0.5%, 1.0%, and 10.0%

w/w MgST
MgST% 0.5: Ave. (SD) | 1.0: Ave. (SD) | 10.0: Ave. (SD)
ED(ug) 29.09 (0.33) 27.45 (0.61) 27.51(0.02)
MMAD (pum) 2.67 (0.07) 2.90 (0.07) 3.02 (0.38)
GSD 1.90 (0.01) 2.00 (0.00) 1.83 (0.01)
FPM(mg) 16.81 (0.17) 13.57 (0.84) 15.57 (0.45)
FPF(%) 42.24 (0.98) 34.26 (1.94) 43.24 (1.65)
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Table SC: APSD of ASA/MgST dry powder composition with 0.01%, 0.05% 0.1%
and 0.25% w/w MgST

ygST 0.01 0.05 0.1 0.25
0
NGI
Stage Ave |RSD |[SD |Ave |[RSD |SD |Ave |RSD |SD |Ave |RSD |SD
x:;th' 049 | 720| 003| 038 2159| 0.08| 040| 0.78| 0.00| 057|4870| 028
Throat | 629 | 2602 | 1.64| 3.72| 3.19| 012] 5.01| 951 | 048| 3.79| 463 018
Stagel | 281 | 18.95| 053] 2.02| 118| 0.02] 2.84] 2.60] 007 185] 6.70] 0.12
Stage2 | 543| 205] 011 462] 7.19] 033 573| 232] 0.13| 6.04]12.63] 0.76
Stage3 | 607 | 6.89| 042| 6.86| 274 0.19] 633 331 021 7.01]| 1.26] 0.09
Staged | 420| 3.03] 0.13] 5.65] 068 0.04] 490 067] 003 487] 1.88] 0.09
Stage5 | 160 | 3.93| 006] 229| 085| 0.02] 2.02] 3.71] 008 2.17] 9.81] 021
Stage6 | 043 | 7679 033 ] 058 204 0.01| 045]2571] 0.12] 055] 9.79] 0.05
Stage 7 | 5.17 | 164.61| 851| 025| 673] 0.02] 0.19]|4264] 008] 020] 14.13| 003
Stage 8
(MOC) | 038| 4301| 017 0.14| 835| 001| 0.171959| 0.03| 0.13|60.29| 0.08
E3
MB(%) | 82.17 | 27.08 | 22.25 | 6630 | 2.64 | 1.75] 70.16 | 095| 067 | 68.11| 436 2.97
ED(mg) | 3287 | 27.08 | 8.90 | 2651 | 2.64| 0.70 | 28.04 | 095] 027 27.17| 436 1.19
SM(“‘ 2328 | 36.12| 841[2038| 256| 052 1979| 299| 059 | 2097 | 320 067
(Mux)AD 3.05 355| 0.11] 270 2.08| 006| 331| 820| 027| 325| 4.09| 0.13
GSD 197 481 009 1.89| 122 002] 198 096 002| 1.79| 145] 003
;)PM(“‘ 1307 536| 070]1580| 133| 021 1407| 327| 046 | 1498 | 066 0.10
0
)FPF(A’ 3267 536| 17503951 133| 0523521 327| 1.15] 3755 | 066 025

*MOC: micro-orifice collector
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Table SD: APSD of ASA/MgST dry powder composition with 0.5%, 1.0%, 5.0%,
and 10.0% w/w MgST

MeST% | 0.5 1.0 5.0 10.0

gg;e Ave |RSD |SD |Ave |RSD|SD |Ave |RSD |SD |Ave |RSD |SD
gfgc“eth' 042 | 2555011 039 6.96|0.03| 018| 527|001| 053 533]0.03
Throat | 424 17671075 | 5611 548 031 6.10 2038 | 124 | 3.84| 144]0.06
Stage | | 2.10| 987|021 2.70| 1.65]004|1022| 7.60|079] 1.63] 8.80]014
Stage 2 | 545| 126007 535] 007]005| 244 544|013] 598] 234|014
Stage3 | 671 221]0.15] 566 3.07]017| 238 620]015] 645] 3.97]026
Stage 4 | 524| 044]002] 471 6.40]030| 135 438]006] 521] 3.13]016
Stage 5 | 255| 590]015] 212] 9.07]019] 075 11.08|008] 2.70] 1.56]0.04
Stage 6 | 074 18.64|0.14| 064 | 6.95]004| 035] 7.97|003 | 095| 3.11]003
Stage 7 | 021 1837|004 014 723|001 | 020 6.13]001| 028]1666]005
Stage 8

ocy | 014| 2492|003 | 010] 395 0.00| 016 1567|003 | 018 | 686 0.1
MB(%) | 6985 | 194 | 1356927 157|1.08 6349 290|184 |77.07| 149|115
ED(mg) | 27.80 | 1.94 | 0542743 | 157|043 | 2413 | 2.90| 070 | 27.74| 149|041
ISM(mg) | 21.04 | 2.67 | 056 | 18.73 | 3.89|0.73 | 7.63 | 3.51]027|21.74| 1.77 038
?:%AD 275| 161]004| 290 | 1.71005| 854 |1467|125| 3.08| 921028
GSD 188 | 1821003| 200] 035|001 3.88| 7.03]027| 1.82] 063001
fnl:g)“ 1559 | 3.19 | 050 | 13.40| 497|067 5.12| 251|013 | 1571 | 257 0.40
FPF

o 3917 | 319|125(33.83 | 497 | 1.68| 1348 | 251|034 4363 | 257 | 1.12

As shown by the fine particle fraction (FPM), fine particle dose (FPD) and mass median

aerodynamic diameter (MMAD) of the various ASA/MgST dry powder compositions (Figures
4A-4D; Tables SA-5D), the ASA/MgST dry powder compositions with 0.05% and 0.5% w/w

MgST were preferred for the inhaled delivery of ASA. Both dry powder compositions had

MMAD of approximately 2.7 um, which is largely due to higher amount of material deposited on

stage 4 of the impactor. The particles in the stage 4 fraction were between 1.4—1.6 um, which
are likely to deposit in the peripheral airway. The ASA/MgST dry powder compositions with

0.05% and 0.5% w/w MgST had much lower throat deposition than the other formulations. Thus,

these formulation systems had excellent aerosolization efficiency and were likely to have low

mouth-throat deposition.
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Particle size distribution of ASA/MgST dry powder composition with 0.5%, 1%, 5%, and
10% w/w MgST, spray-dried Aspirin 85% /Leucine 15% Formulation (036 or 36) > Aspirin 95%

/Leucine 5% Formulation (046 or 46), and micronized ASA were measured by Spraytec using

low resistance device, at 90 L/min flow rate with 2.7 second actuation time with a steOup of
device/mouthpiece/USP/throat/IC/DUSA, and 5 tests for each composition (Table SE).
Table SE: Particle Size Distribution of ASA/MgST dry powder composition with
0.5%, 1%, 5%, and 10% w/w MgST measured by Spraytec .

Comparison of NGI and Spraytec data is shown in Table SF:
10 Table SF NGI v. Spraytec

. .

Example 6: Cohesion characterizations of ASA/MgST dry powder composition
The formulation performance of all DPI systems is controlled by the cohesive/adhesive
surface interfacial properties of the particles. Since, the particles present in DPI systems are

below 10 um, the forces that govern their cohesive/adhesive properties are van der Waals,
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electrostatic and capillary forces. In order to generate an aerosol from DPI systems the devices
must help to overcome the cohesive/adhesive forces. Hence, the properties of the powder must
be tailored to enable the device to generate an aerosol on the patient’s inhalation.

In carrier-based DPI formulations that utilize coarse lactose carrier particles, these Forces
are modulated through the addition of fine lactose particles or coating the coarse lactose particles
with low energy force control agents (FCA) such as magnesium stearate. In high- payload DPI
systems, the delivered dose of drug substance is a few miligrams and are formulated as carrier
free systems. In these systems, the excipient content is low and major governing force that
influences aerosolization efficiency are the cohesive (drug-drug interactions).

Co-micronisation of the ASA with magnesium stearate (MgST) was used in formulating
a high-payload DPI formulation of acetylsalicylic acid (ASA), as described in Example 1.
Aerosolization performance of this formulation is better than that of micronized ASA and spray-
dried ASA/leucine (Figure 5). The ASA/MgST dry powder compositions showed lower
cohesive force and enhanced aerosolization efficiency.

Colloid-probe atomic force microscopy studies (AFM) was used to measure the cohesive
surface interfacial forces (Figure 6). Five individual particles from each of powder formulation
was attached to tipless cantilevers. These were designated as drug probes, which were then
interacted with a smooth surface of crystalline aspirin. In this way, it was possible to measure
the force of cohesion of the particles of the different formulations (Figure 6), which
followed the following rank order:

Aspirin 85% /Leucine 15% Formulation (36) > Aspirin 95% /Leucine 5% Formulation
(46)>Micronised ASA > ASA co-micronised with 0.5% magnesium stearate.

Powder permeability tests using a FT4 Powder Rheometer (Freeman Technologies,
Gloucester, UK) were performed on various ASA formulations as described supra.

Powder permeability measurements of powder systems investigate the relationship
between the effect of applied stress on the cohesivity of powder. The test was performed by
applying different normal stresses to the powder, whilst trying to maintain a fixed flow rate of air
through the powder. The measured pressure drop across the powder was therefore a
measurement of the materials cohesivity. The pressure drop across the powder bed increases as
more normal stress is applied to the powder, which is to be expected since the application of

normal stress reduces the void spaces between particles, therefore, reducing the channels for the
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air to tunnel through the powder bed. Hence, powders with high cohesivity, which have lower
bulk density, will generate higher pressure drops.

The pressure drop versus applied normal stress profile of formulation 036 and co-
micronized ASA/MgST formulation is shown in Figure 7. These data show that between applied
normal stresses of 0.5-6.0 kPa, the pressure drop across the co-micronized ASA/MgST
formulation were significantly lower than the 036 formulation. These data suggest that the
cohesivity of the MgST formulation was significantly lower than the 036 formulation.

Based on both cohesion measurements, the introduction of 0.5% w/w MgST to ASA
assisted to reduce the cohesivity of the formulation system, which would help to increase
aerosolization efficiency as shown in Figure 5.

Example 7: Pharmacokinetic studies of ASA/MgST dry powder composition

The pharmacokinetic profile of an ASA/MgST dry powder composition following a
single inhalation administration to a dog was determined and compared to a commercially
available acetylsalicylic acid tablet (Aspirin®) following a single oral administration to the same
dog.

The ASA/MgST dry powder composition was administered to 3 dogs once by inhalation
(Day 1) for 10 minutes and a commercially available acetylsalicylic acid tablet (Aspirin®) was
administered to the same 3 dogs after a 7-day washout period (on Day 8) as follows:

Table 6A: Administration regime

Target Lung | Target Inhaled Target l;rozregfte‘?ell‘ﬂf Numbe
Grou| Study | Dose Level of | Dose Level of Aerosol Asbirin r of
p No.| Phase ASA’ ASA Concentration (o Zr itk Male
(mg/kg/day) | (me/kg/day) |of ASA (mg/L) ggog) Dogs
Inhalatio 1.25 5 1.556 NA
1 n 3
Oral NA NA NA 81

ASA= Acetylsalicylic acid
a Target lung dose levels are calculated assuming 25% lung deposition in dogs and based on an
estimated body weight of 10kg.

All dogs following last blood collection were released to the ITR spare colony on Day 9.

A series of 10 blood samples (approximately 0.75 mL each) were collected from each

dog on each of Days 1 and 8 of the treatment period as follows:
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On Day 1: at pre-dose, Immediately Post 10-min Exposure (IPE + 2 minutes), 20, 30 and

40 min, 1, 2, 4, 6, and 24 hours from the beginning of exposure,

On Day 8: at pre-dose, 10, 20, 30, 40 min, 1, 2, 4, 6 and 24 hours post-dose.

The pharmacokinetic (PK) profiles of the ASA/MgST dry powder composition
comprising 0.5% MgST in Beagle dogs were determined from ASA and salicylic acid (SA)
plasma concentration data sets obtained on Days 1 and 8 following a single inhalation
administration and a commercially available acetylsalicylic acid tablet (Aspirin®) following a
single oral administration. ASA and SA plasma concentration were modeled using the Phoenix
WinNonlin 6.4 software.

ASA plasma concentration maximum mean concentration levels (Cyax) were reached
within 0.2 and 0.3 hours post administration for inhalation and oral exposure, respectively. Two
out of the three dogs showed a longer Ty after oral administration (0.3 hr) than after inhalation
administrations (0.2 hr), while one dog showed similar Ty, after oral and inhalation
administrations (0.2 hr). After Tp,,, the plasma concentrations declined rapidly with a mean
estimated t;, value of 0.23 and 0.21 hours for the inhalation and oral route of exposure,
respectively.

The SA plasma concentration maximum mean concentration levels (C,x) were reached
within 0.4 and 1.7 hours post administration for inhalation and oral exposure, respectively.
Subjects has a significantly shorter Tp,y after inhalation administration (0.4 hr by average) than
after oral administration (1.7 hr by average). After Ty, the plasma concentrations declined at a
mean estimated t;, value of 1.72 and 3.86 hours for the inhalation and oral route of exposure,
respectively

The ASA exposure by inhalation was higher than the oral exposure as evidenced by the
ratios, which ranged from 2.7 to 6.7 for the AUC’s and Cp,y, respectively,, while no ti;
difference could be observed between the two administration routes.

No major administration-related difference could be observed in the SA exposure as
evidenced by the ratios, which ranged from 0.7 to 1.5 for the AUC’s and C,, pharmacokinetic

parameters, respectively.
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Table 6B. Individual and Group Mean Pharmacokinetic Parameters of Acetylsalicylic
Acid (ASA) Based on Administration Route in Male Dogs
Da Group | subject A;Ja(sfo- AUCnF ]ﬁ( Egp T;na Cmax t12 R’
y Desig- D D hr*ng/ | hr*ng/ o hr ng/ | adjusted
nation mL mL mL
1001A | 91540 918.07 0.3 0.2 | 4351.20 | 0.29 1.0
1002A | 733.23 734.83 0.2 0.2 | 330526 | 0.26 1.0
1 Inhalation | 1003A | 436.45 440.60 0.9 02 | 1723.52 | 0.14 1.0
1.25mg/kg | Mean | 695.02 697.83 0.5 0.2 | 3126.66 | 0.23 1.0
SE 139.574 | 139.071 0.23 0 | 763.784 | 0.046 | 0.01
N 3 3 3 3 3 3 3
1001A | 1443.73 | 1447.40 0.3 0.2 | 2622.05 | 0.22 1.0
1002A | 1666.33 | 1672.80 0.4 0.3 | 2708.90 | 0.23 0.9
g o;u, 1003A | 2418.57 | 2420.61 0.1 03 | 469121 | 0.18 1.0
mg/animal Mean | 184288 | 1846.94 0.2 0.3 | 3340.72 | 0.21 1.0
SE 294,932 | 294126 | 0.087 0 | 675709 | 0.017 | 0.03
N 3 3 3 3 3 3 3
Table 6C. Individual and Group Mean Pharmacokinetic Parameters of Salicylic acid (SA)
Based on Administration Route in Male Dogs
Da Group su‘t? | AUCormag | AUCne &ggp T:m Cinax tin R
y Deslg- ID hr*ng/mL | hr*ng/mL % hr | ng/mL hr adjusted
nation
1001A | 12787.21 15837.84 19.3 0.5 | 4461.62 | 1.65 0.9
1002A | 11306.64 | 14611.84 22.6 0.2 | 3755.60 | 1.84 0.9
1 Inhalation | 1003A | 13592.53 15044.86 9.7 0.5 | 4233.62 | 1.66 1.0
1.25mg/kg | Mean | 12562.13 15164.85 17.2 0.4 | 415028 | 1.72 0.9
SE 669.407 358.966 3.885 0 | 208.027 | 0.061 0.04
N 3 3 3 3 3 3 3
1001A | 7392227 NC NC 2.0 | 18823.22 | NC NC
Oral 1002A | 72565.10 NC NC 2.0 11782220 | NC NC
g 21 ’ 1003A | 102348.74 | 164959.08 38.0 1.0 | 23473.83 | 3.86 1.0
. Mean | 82945.37 | 164959.08* | 38.0 1.7 | 20039.75 | 3.86* 1.0
mg/animal
SE 9709.592 0 0 0 | 1741.187 0 0.00
N 3 1 1 3 3 1 1

* The AUCnr and t1/; should be interpreted with caution as values were obtained from only 1

animal.
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Table 6D. Group Mean Pharmacokinetic AUC’s and Cyax Parameters of Acetylsalicylic
Acid (ASA) and Salicylic acid (SA) Normalized by Dose Concentration Based on

Administration Route in Male Dogs

Normalized by Dose concentration

Analyte | Administration route | Dose concentration (mg/kg) (ﬁrgncgo/;lla;j) (hﬁ‘[ig/ﬁi) (nZ/T:L)
ASA Inhalation 1.25 556.02 558.27 |2501.33
Oral 9 204.76 205.22 371.19

SA Inhalation 1.25 9969.94 12035.59 |3320.22
Oral 9 9216.15 18328.79 |2226.63

Table 6E. Exposure Route Ratios (Inhalation vs Oral) of Mean of Acetylsalicylic Acid
(ASA) and Salicylic acid (SA) AUC’s and C,,,, in Dog Plasma

| Normalized ratio
Group Designation Analyte AUC.O -tlast AUC.INF Cm.ax Tm.ax b
ratio ratio |ratio|ratio|ratio
ASA 2.7 2.7 67106 | 1.1
Inhalation / Oral administration
SA 1.1 0.7* 15102 (04*

* Ratio for this group should be interpreted with caution as values were obtained from only 1
animal.

The foregoing description is provided to enable a person skilled in the art to practice the
various configurations described herein. While the subject technology has been particularly
described with reference to the various figures and configurations, it should be understood that
these are for illustration purposes only and should not be taken as limiting the scope of the
subject technology.

There may be many other ways to implement the subject technology. Various functions
and elements described herein may be partitioned differently from those shown without
departing from the scope of the subject technology. Various modifications to these
configurations will be readily apparent to those skilled in the art, and generic principles defined
herein may be applied to other configurations. Thus, many changes and modifications may be
made to the subject technology, by one having ordinary skill in the art, without departing from

the scope of the subject technology.
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It is understood that the specific order or hierarchy of steps in the processes disclosed is
an illustration of exemplary approaches. Based upon design preferences, it is understood that the
specific order or hierarchy of steps in the processes may be rearranged. Some of the steps may be
performed simultaneously. The accompanying method claims present elements of the various
steps in a sample order, and are not meant to be limited to the specific order or hierarchy
presented.

It is to be understood that, while the subject technology has been described in conjunction
with the detailed description, thereof, the foregoing description is intended to illustrate and not
limit the scope of the subject technology. The citation of any references herein is not an
admission that such references are prior art to the present invention.

Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described herein.

Such equivalents are intended to be encompassed by the following embodiments.
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CLAIMS

L. An inhalable dry powder composition comprising dry particles comprising acetylsalicylic
acid, or a pharmaceutically acceptable salt thereof, co-micronized with magnesium stearate,
wherein the dry particles have a mass median aecrodynamic diameter of less than 20 um, and

wherein the magnesium stearate is up to 10% (w/w) of the composition.

2. The inhalable dry powder composition of claim 1, wherein the magnesium stearate is in an
amount ranging from about 0.04% (w/w) to about 0.06% (w/w), or from about 0.4% (w/w) to
about 0.6% (w/w), of the inhalable dry powder composition, wherein acetylsalicylic acid, or a
pharmaceutically acceptable salt thereof, is in an amount of about 50% (w/w) or more of the

inhalable dry powder composition.

3. The inhalable dry powder composition of claim 1, wherein the magnesium stearate is in an

amount of about 0.05% (w/w) or about 0.5% (w/w) of the dry powder composition.

4. The inhalable dry powder composition of claim 1, wherein the magnesium stearate is in an

amount of up to 1% (w/w) of the composition.

S. The inhalable dry powder composition of claim 1, substantially free of carrier particles.

6. The inhalable dry powder composition of claim 1, wherein the dry particles have a MMAD

within a range of about 1 um to about 5 pm.

7. The inhalable dry powder composition of claim 6, wherein the dry particles have a MMAD

within a range of about 2 um to about 3 pm.
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8. The inhalable dry powder composition of claim I, wherein acetylsalicylic acid, or a
pharmaceutically acceptable salt thereof, is in an amount of about 80% (w/w) or more of the

inhalable dry powder composition.

9. The inhalable dry powder composition of claim 1, wherein the APSD of the inhalable dry
powder composition as measured by mass deposition at stage 1 to stage 8 of a NGI varies by less
than about 10% after the inhalable dry powder composition have been stored at 50°C/75% relative
humidity for about 30 days when compared with the APSD at time, t, equals zero.

10. The inhalable dry powder composition of claim 6, wherein the MMAD of the dry particles
varies by less than about 10% after the inhalable dry powder composition have been stored at
50°C/75% relative humidity for about 5 days when compared with the MMAD at time, t, equals

ZCro.

1. The inhalable dry powder composition of claim 6, wherein the dry particles have a size
distribution with a DV90 less than about 6 um, a DV50 less than about 3 um, and a DV 10 less
than about [ um.

12. The inhalable dry powder composition of claim 11, wherein the DV90, DV50 and/or DV10
vary less than about 10% after the composition is stored at 50°C/75% relative humidity for about
15 days.

13. A drug delivery system effective to reduce the risk of a thromboembolic event or treat

thrombosis, wherein the system comprises the inhalable dry powder composition of claim 1.
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14. The drug delivery system of claim 13, further comprising clopidogrel.

15. A drug delivery system comprising a dry powder inhaler and the inhalable dry powder

composition of claim 1.

16.  The drug delivery system of claim 15, wherein the dry powder inhaler comprises:
a housing defining a chamber having one or more air inlets, and one or more air outlets;

the chamber sized to receive a capsule which contains the inhalable dry powder

composition;
a puncturing mechanism in the housing for creating one or more openings in the capsule;

an optional shield covering at least two but not all of the air inlets, wherein the optional
shield comprises one or two or more covering portions, each covering portion covering at least
one inlet, whereby the optional shield prevents blockage of at least two air inlets by a user grasping

the apparatus; and

an end section associated with the housing, the end section sized and shaped to be received
in a user's mouth or nose so that the user may inhale through the end section to acrosolize the dry

powder composition and to inhale aerosolized dry powder composition that has exited the capsule.

17. The drug delivery system of claim 15, further comprising clopidogrel.

18. A method of treating or reducing a risk of a thromboembolic event, comprising

administering to a subject in need thereof the inhalable dry powder composition of claim 1.

19. The method of claim 18, wherein the thromboembolic event comprises a myocardial

infraction.
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20. The method of claim 18, wherein the thromboembolic event comprises a transient ischemic
event.

21. The method of claim 18, wherein the thromboembolic event comprises a stroke.

22. The method of claim 18, wherein the thromboembolic event is treated within about 5

minutes of onset of the thromboembolic event.

23. The use of the inhalable dry powder composition of claim 1 for the manufacture of a

medicament for the therapeutic and/or prophylactic treatment of a thromboembolic event.

24, The use of claim 23, wherein the thromboembolic event is one of a myocardial infraction,

a transient ischemic event or a stroke.
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Figure 10
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