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| NVENTI ON The pr\ﬁ;;@m“hnve ion is related to conpositions an
fornul.ations for the delivery of pharnmaceutical conpounds RﬁTéPS”’(‘ﬁ’r%él ation

and, in particul aFPMEPITEGNMER PRIEERODEL hERdel iy ey peivnoRh Rt eldigzand

therapeijti c agents. BACKGROUND The follow ng description of the
background of the i nventi on is providethvesters: i n under st andi ng t he

i nventi.on, S, ot adetted to be prior art to the invention.
Pul nonary dr ug eﬁ’ver FE%HN S3Pt7 Hot Mehasdodpiw dkitees altephat iMiehbal

potentially painful i nt ra us ecti ons Pul nonary drug delivery
i s particularly useful V\Aé"{l@r%%dra‘% }f‘)ellé]é P fRraa®- dpt iCHAY as may of ten

be the 25 sane for proteins or peptides, which are readily degraded by 1

RELATED APPLICATION
The present application claims the benefit of priority to
U.S. Provisional Application No. 60/292,783, filed oﬁ May 21,
2001 and is incorporated by'referencé in its entirety,
10
FIELD OF INVENTION
y

The present invention is relatéd to compositions and
o

formulations for the delivery of pharmaceutical compounds via
g

inhalation and, in_particular, to*formulations for the delivery

13 of proteins and therapeutic agents.

BACKGROUND
The following description of the background of the
invention is provided to aid in understanding the invention,

but is not admitted to be prior art to the invention.

2

Pglmonary drﬁg delivery is an attractive, noninvasive
alternative to potentially painful intravenous (IV)
injections, Pulmonary drug delivery is particularly usgeful
when or;l delivery is not an option, as may often be the

25 case for proteins or peptidesa, which are readily degraded by



5 October 2005 WD 021094342 PCT/ US02/ 16233 enzynmes and acid hydrolysis in
the gut. Inhalation of substances potentially provides rapid and direct
access to the bloodstreamvia alveoli in the lungs, however, in
practice, the efficiency of pulnonary drug delivery depend356 og ?0 | east
two factors: the device and its user. Many therapeutic prote 8o, Péntly
on the market are presently delivered by injectiron. For exanple, insulin
and insulin demovatises, erythropoetin (EPO, follicle SEVHFERFEng

hormone (FSH) anrgeshlélm N, 8L &oﬁ?gwr&g‘l _(:Qg_%ut.loll‘%])allaQEQprh are
¥ y admnis

essentially proteins, are curfent ered via injection. In

general , any %H%{%&%HF%&@nt_igﬁwgyadic(e@%aﬁﬁp%aaaiasécth@«_sc&;seuwent|y
adm nistered by repetitive injections) is a potential candidate for

delivery via the pwWoampasam ventaveand 11 ght bhenrefibofevem tire 15 advant ages
disclosed in this invention. There are currently three primary types of
devi ces used phkaecidee dediafgiyiofcypbtirpmoecnticalrsgtdelimery Wegsndnd each
type of these inhalation devices suffers fromcertain distinct problens,
particul arlsy wnt &t rlegat dtwo fprewisse Qi deyiing.antnetd WieTof device is the
met ered dose inhaler ("MDI"). MDIs use pressurized gas or propellant to
~deliver-a burst ofMarphehewRsdEHY PEPt BT FEHEEERTIYaP™i Mo P HE patFent ' s
nouth during inhalati 8n., The I\@I .Corr(gr,i ses a drél}J{gm %ck%ge&i\{lvi gjtllda 25
propel | ant i nPEePFESIUPF L EEF 8805 6 EOHCR nef ' h&Yi A varve 2

insulin derivatives, erythropoetin (EPO), follicle

stimulating hormone KFSH), and human growth hormone (hGH),

10 all of which are essentially proteins, are cur;ently
administered via injection. In generai, any pharmaceutical
éompound'(but especially those currently administered by
repetitive injections) is a potential candidate for delivery

. : d
via the pulmonary route, and might benefit from the

15 advantages disclosed in this invention.

There are currently three primary types of devices used
for the delivery of pharmaceuticals to the lungs and each
type of these inhalation devices suffers fromw certain
distinct problems, particuiarly with regard to precise

20 dosing.

One type of device is the metered dose inhaler (*MDI")}.
MDIs use pregsurized gas or propellant to deliver a burst of
the compound or pharmaceuticdl into the patient’s mouth

during inhalation. The MDI comprises a drug packaged with a

2% propeliant in a pressurized aerosol container having a valve



5 Cctober 2005 PCT/US02/ 16233 which rel eases a volunetrically netered dose
of aerosol upon actuation. These devices are snmall and portable, but they
deliver a dose which may vary undesirably in quantity, delivery speed,
~and, dropl et size distribution as the vapor 5 pressure of t I 0P nt

' vagfi es. A second type of device is the dry powder inhaler %eogﬁggeidﬁgl

use a burst of |ns ired ai.r to entrain a dose of powder into the

pr onchi aI tracto? E’déﬁse the force of inspiration varies feTovsmpeeson to

person, the @dﬁﬂ"'xéi@é% éovggg-ﬁ?t\{rqrcla?iyfrﬁe%er r On t %%%SS%SI A th! r.d

device type is a nebulizer Izers enerate ECBM zi ng a

liquid fromcampressed rhaas; abhayedell V&Eﬁj n lou Lch contains
a WO 02/ 094342 phar maceuti cal correpounlé ?L agg aL|b§er’ gawal}? Yt he MDI

15 device, tdeideses aEpenihiEy rpag, %W'%&%;QX}nyVﬁl é% ?@%Y d_eI ivers a
activate

net ered dose. A nechani cal val ve "act uat or Via the

patient’'s i nsiikaty GpeelilCaf@st QY 464, d&}ét%fﬁé&&e‘é' Cgﬁ? vaé“ &S

however, with the vapor pressure of aerosol remaining in the Feont ai ner

and the durgive@eusé oflve pLEhaaQlwat LQPied N general, the poor precision of
t he above nentioned devices restrict their use to pharmaceuti cal

conpounds whi ch hasecdndoagpeospgryviekelAngR. adp ek tandeal with these
probl enms, a new type of 25 inhal er has been devel oped that utilizes
‘resistive act*D&C®Y. DPIs use a burst of inspired air to entrain a dose

of powder into the bronchial tract. Because the force of

inspiration varies from person to person, the administered

S

10 dose varies from person to person.
A third device type is a nebulizer. 'Nebulizers
generate an aerosol by atomizing a liquid from compressed

!

gas; they deliver an aerosol cloud'which'contains a
pharmaceutical compound. With a'gebulizer, as in the MDI
15 device, the dose amount may be regulated by a valve that
delivers a metered dose. A mechénical valve éctuator may be
activated yia the patienﬁ's inspiration. The dose provided
by these devices varies, howéver, with ‘the vapor pressure of
aerosol.remaining in the container apd the duration oﬁ:valve
20  actuation.
In general, the poor precision of the above mentioned
devices restrict their use to phﬁrmaceutical compounds which
have broad dosage tolerance. | |

In order to deal with these problems, a new type of

25 inhaler has been developed that utilizes resistive actuator



3 5 Cctober 2005 WO 02/094342 PCT/ US02/ 16233 technol ogy. This device has
been described in U S. Patent No. 5,894,841, which is incorporated by
reference herein in its entirety. Such an inhalation device nmay eject a
preci se anmount of an active substance, such as a pharmceut} ;

conpound or forrmulation into the air path of an inhaler to%t(gét%%?{t%ogpned
into the inhaled air streamof the user. The fact_that such an actuator
is electraonic aldiiﬁg\gwi“g to be controlled by a m cfocont r ol | &ty 52“6233

m Cr opr ocessor. I'S afl ows inhalers to perform many advance uncti ons
which 10 greattleyhenhagice tiéisr dperdeohmanbecn Hrercafibed, it flefe Patentneed for
devi ces and/or reliable nethods and fornul ations that efficiently, and
consi stent |y, Nodebi 924, §lecwbioh idodagesprofatedbar netaifriceaherdipdund to a
patient via the pulnonary route. 15 SUMVARY OF THE | NVENTI ON An

enbodi nent of itkeeprisehit. | fuehtarprirdehprieedleyicei G ¢igwar AoriRRlSCal
conposition conprising a therapeutic agent, a surface tension-controlling
agent, and a @oApohenf ARECEAMPrFHINGNES huFsdt &ft 2appEnaceutical

vi scosity-controlling agent. Another enbodi nent of the present invention
conprises & d@{ﬂp'@éﬂgo?r FrHEhak PRt gekye G aPRER e 1 dPPrbIRIT to a
patient, the device conprising a conputer-controlled el ectronic_aerosol
generating. syPeeAnfraivy io6AnkRt ddtpdeq air stream of the user. The

fact that such an actuator is electronic allows it Lo be |
controlled by a hidrocontroller or microprocéssor. This.
allows inhalers to perform many advénced functions which
10 greatly enhance their performance. x,
Thergforé, there is a need for devices and/or reliable
methods and formulations that efficiently, and consistently,
deiiver precision dosages of a phérmaceutical compound to a
patient-via the pulmonaryrroute.fﬁ
15
SUMMARY OF THE INVENTION
An embodiment of the present invention comprises a
liQuid pharmacéutical compesition comprising a therapeutic
agent, a surface tension-contrelling agent, and a coﬁponent
20 comprising a humectanﬁ and a viscosity-controlling agenﬁ;
Anothef embodiment of the present invention cémprises a
device for pulmonary deli&ery of a therapeutic protein to a
patient, the device comprising a computer-controlled'

electronic aeroscol generating system fluidly connected to a

.25 reservoir containing a liquid pharmaceutical composition



25 reservoir containing a liquid pharmaceutical conposition 5 October 2005
WO 02/ 094342 PCT/ US02/ 16233 conprising a therapeutic protein, a surface
tension controlling agent and a hunectant. Another enbodi ment of the
present invention conprises a nethod of naking a "device fﬁ)bc Iernﬂﬂﬁry
del i“very of a 5 therapeutiggprotein to a patient, the nmethod conmprising
fluwidly connectipg,fosQyPuter-controlled el ectronic aerosol PCTQ@&(@;&Ei ng
systemto a reservoir containing a liquid pharnmaceutical conposi I'oh
cogpri sing a t¢mwapelind ¢ privtreprutia rsutéame & engifene coartsriobt i ng agent and
hunectant. 10 Enbodi nents of the present invention described herein use

t he proteins i9PALLIRD|3TGIte 28¢| mllvaerhgitthor none  (FSH), and human
growt h hornone (hGH) as therapeutic agents. Qher suitable protein growh
hor mones i ncl ude hiRaRreyreReddesete cforbhyPEasantl AnVert ¥ouc CORPYiGEESE)
granul ocyte 15 macrophage colony stimulating. factor (Gw CSF), nacrophage
col ony sti nmul dtathgds ak B9 eskyvicsolfgnyPwinandirat ARt Yezet 8 2 (CSF), and

| eut ei ni zi ng hornmone (LH). OQther suitable therapeutjic proteins used in

accor dance ° wit ¥ TBRBUUI Tratfict eoR the prEseMt itAPeAEFBPA COMBFi S R0

hemat opoi eti c romh factor, interleukins, interferons, cell adhesion
pr ot ei ns, angifg‘éj'é r¥ PROESTEY Bl SEWUEBAYTAHECIA o pR R EIRELC tAFTOFBSI vt i C

roteins, bone norphpgenic proteins., | ucagon and gl ugagon-1i ke
roteine. hor MSHBERCH 6 EIESAD. ES dhirebBaTeE: o on s 1 guid

pharmaceutical composition comprising a therapeutic protein,

a surface tension-controlling agent and humectant.

A 10 Embodiments of the pfesen; invention described herein
use the protéins insulin, follicle stimulating hormone
(FSH), and human growth hormone (hGH) as thérapeutic agents,
Other.suitable protein'growth'horépnes include human
gfanulocyte celony stimulating fagtor {(G-CSF), granulocyte

15 macrophage colony stimulating,factor (GM-CSF}, macrophage
colony stihulating factor (M-CSF), colony stimulating factor
(CSF), and leuteinizing hormone (LH).

Other suitable therapeutic proteins used in accordance
with embodiments of the present invention comprise

20 hematopoietic grdwth tactor, interleukins, interferons{ cell
adhesion proteins, angiogenic proteins, blood coagulation
proteins, thrombolftic proteins, bone morphogenic proteins,

glucagon and glucagon-like proteins, hormones;,reéeptora,

antibodiea, and enuzymes.



-5 Cctober 2005 WO 02/094342 PCT/US02/ 16233 An enbodi nent of the present

i nvention inproves thermal droplet ejection device perfornmance by

optim zing: (1) kogation and crusting, (2) fluid flow, droplet size and
droplet formation, and (3) and mai ntenance of therapeuti C?I(S%t éel @ﬁgnt
protein concentrations and naintenance of protein integri 8 9

during, and after fornulation aerosol ation. Advantageously, an enbodi nent
of the present WAUWIFBdn provides uniform size and conposiRATBR0BH233

dropl et s used I &n edbbdl@hlChe CLRF 1 aB, A6, FUE LIGL 28! ih.o5, gnd

advant ages of the |nvent|on as operation vari ou

enmbodi nent s i [Ty 1. det.al rein,Mth reference
to the accon8§ﬁ§?%8 g?éﬁ&%ggdgggcg 5?%%9] SE%I%@F%%P%ﬁ%%Hé W NGS The

present Inven&dgmﬂ%lén@%x%ﬁeﬁ% ﬂzwf&bl@afltowugﬁp é%mq LR S ther eof,

and references Wil be nade to draw ngs in |gure |l is a

bi oassay comgrd3eR SE-{UETRA, 9L QM &Jhgﬁmnft%ﬁgﬂ!:@%@n before and ‘af t er
aerosolization according to an enmbodi ment of e present invention; and

Figure 2 is eﬂee\égéﬁelmqgerbﬂ@m%rxééﬁ) Qfoncleﬂéyééfbrl%e%%e (upper
graph), after initial aerosolization (m ddl

maintenance of protein integrity before, during, and after
formulation aerosclation.
Advantageously, an embodiment of the present invention

provides uniform size and composgition of droplets used in a

10  droplet ejection device, : : -

Further features and advantages of the invention as
well as the operationiof various embodiments of the

E

invention are described in detail ‘herein with reference to
. ' I ’
the accompanying drawings. "

ﬁRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be described with particular
embediments thereof, and réferences will be made to the
drawings in which: |
20 Figure 1 is a bioassay comparison of human growth
hormone formulation before and after aerosolization
according to an empodiment of the present invention; and
Figure 2 is a reverse phase HPLC Analyeié of Insulin

before (upper graph), after initial aercsolization (middle

v



5 Cctober 2005 WO 02/094342 PCT/ US02116233 graph) and after repeated
aerosolization (lower graph) according to an enbodi nent of the present
i nvention. DETAI LED DESCRI PTI ON OF AN | LLUSTRATI VE EMBODI MENT 5 For

conveni ence in the ensuing description, the follow ng expl ' f
ter are adopted. However; these explanations are intendgﬂﬂg%5%2®09
exepplary only. They are not intended to limt the terns as they are
destri bed or referr;@xﬂ? t hroughout the specification. RathearcHUsese2ss10
expl anati ons ar & F4R o i ncl ude any additional aspects and/ or exanples
of the 'téerns agrgggcghaegifmd repahteeil adresel iratthe {EPwRT g@PRhceut i cal
corpound”, or Ttherapeutic agent," shall be interpreted to nean any

nol ecul e or m x¢ad@ing5tefamembodimsnwtifc hhpressisgas BNYHER& eut i c,
prophylactic, or diagnostic effect. The terns "peptide"” and "protein” are
i nt erchangeabl e, and as described herein shall mean ol i gopeptides,
proteins and reconbi nant proteins and conjugates thereof., especially 20
those identifipErms.EraPERQRIRTEONDER AN BLUATRAOS: FRBORMEAT al .

Non-naturally. occurring proteins and peptides _conjugat ed Hg%non-protein
t her apeut i cs conpourits: absvedigice wht Hi eFEIRE AFECHFPHHEYe T s,
According to an enbodi nent -of the present invention, a 5 therngheggoplet
ej ecti on devi céotbompirics espiamitspeAsPhgt ™ &kt ASPt5B05 Hoveveri

explanations are intended to be exemplary only. They are
not intended to limit the terms as they are described orx
referred to thréughout the specificatiqn. Rather these

4 10 explanagions are meant to include any additional aspects

and/or examples of the terms as described and claimed

herein.

’

The term “pharmaceutical compbund", or “therapeutic
agent,” gshall be interpreted to mgan any molecule or mixture
15 of molecules which provides a therapeutic, prophylactic, or
| diagnostic effect. |
The terms “peptide” and “protein” are interchangeable,
and as described herein shall mean oligopeptides, proteins
and recombinant proteins and conjugates thereof,_especially
20 thoselidentified as having‘therapeutic or diagﬁostic
potential. Non-naturally occurring proteins and peptides
_conjuéated to non-protein therapeutic compounds also fall
within the scope of these terms.

According to an embodiment of the present invention, a

25 thermal droplet ejection device comprises a dispensing



WO 02/ 094342 PCT/ 1JS02/ 10233 substance container fluidly connected to an
array of fluid chanbers and each has a resistor, each resistor being

| ocat ed behind a nozzle. Each nozzle ejects a droplet(s) of quuid from
the chanber if and when the corresponding 5 resistor is ene g;ﬁ@ ?
electrical pulse. Wthin a fraction of a second, liquid in 6MP&t QQtr1
the resistor is vaporized and forns a bubble. The vapor bubble grows
rapidly and inparts momentumto |iquid above the bubble and some of this
liquid is ejectedloanasdroplet fromthe adjacent 10 nozzle. dhguyohyse of
ejected I|qU|d IS autonatlcaIIX replaced in the fluid chanber froma

contai ner by CAPSTPEFG AN oFl‘thfllé’t FBEPPETSE tor estrevaeti Ahuh a
iston or the like. A piezoelectric device

col | apsi bl e blad er
generates a dropret™ %yxﬁﬁi%f% a%ibF€§§ﬁF%rmaﬁﬁﬂiﬁeﬁh%ﬁqqﬁﬁan915 pr oduced

by applying a I S oelectri.c ceram c channel which in
this device ac%é'so“‘a%ggt e%‘Lherjldgct PS ﬁgc AROTGE % SORELP e rdrePlakiflc et t he

dropl et - | | ui d ted in the f f

2 “Gropl et (o) wAadd LD ‘E"’? %aéﬁﬂizﬁdifoﬁnﬁh@eﬁ%&ﬂgicﬁ%ﬁsﬁﬁe%n “20 the
lied pul h k t

appl i ed pulsse reé@g%ln Y 1 &”gzé’é BIC R "Sledirical pll! | n P}ﬁié printing

devi ce, may al so use Heat™ en 8- ¥apo & thin |ayer
o s, e ki e s bl S0 B Sapand e UL
i nk thrOLmﬂ1.av§p§r£%§é“§ﬂﬁ #800s a bubble. The vapor bubble grows rapidly
and imparts momentum’to liquid above.the bubble and some of
this liguid is ejected as a drOple; from the adjacent
10 nozzle. The volume of ejected liquid is automatically
repléced_in the fluid chémbgr from a container by capillary
action or by atmospheric pressure actiﬁg on a collapsible
; ' : bladder, or by a piston or the liﬁe.~ A piezoelectric device
generstes a droplet by means of adpressure wave in-the fluld
15 produced by applying a voltage pulse to a piezoelectric
ceramic channel which in this device acts as the ejection
means. As with the thermal device, -the droplet“isrejected
through a nozzle. The fluid is ejected in the form of a
drdplet(s) whése velocity depends on the energy contained in
2 the applied pulse.
Modern printing proceéaes. such as an ink jet printing
device, may also use heat energy from a resistor to vaporice
a thin layer of ink at the bottom of a well, forming an

expanding vapor-phase bubble near-the jet. -The bubble of

25 vapor, sometimes called the driver, forces ink through a




WO 02/ 094342 PCT/ US02/ 16233 nozzl e and out towards the paper. Thermal ink
jet cartridges are configured to fire droplets at frequencies of greater
than 10 kil ohertz and the configuration of a resistor, inkwell and nozzle
may be replicated many hundreds 5 of times in closely spac ngd i i cate
Dg4gkerns to provide greater printing efficiency. Droplet ?@%Pg%'r#bhéw ces
g ink jet, printing devices differ in several ways. For exanple, the
ndzzl e arrays iw%(ﬁ\&lkmi ng #/devi ces are engi neered to deposi tradvispliets on a
10 pl ane of paper ereas inhal ation devices are engineered to deposit

f or mul a- cont aidyzng sudEhet sodeeds i o papet eaditediel +uhg f the patient.
In general, droplet ejection devices for use in an inhalati on.devifce may
have a snal | eraramdéiges agreeaoni igwntrbtoof iR AABE P eRT stTTRRRECYT I d
chanbers than 15 those used for printing. Furttﬁr tpere ifs no need for
the nozzl es tareateartrzamgdd kalahpeet HGUER? FRRTIRTRM IR 524 &l 1 el  nozzle

axes.as often the 'case in ink jets for printing.. .Th dropl et _ejection
nozzl es may, feriseganphewedd aprpapeds ey PTiY 1elc3§%?or?ar$¥a;?/m8§*egfsr ected
at a converging or diverging 20 angle tq the axis of th I, some
cases it is defitiabpeln dlgléi%étr’ sRRFed R BRE TG gﬁgggﬁasn%é)r gg?féle ul for
printing ink jets; the construction of the nozzles, resistors and
chanbers. may gtarsest BFETF &F FHR18PP% and construction fromthose 25

employed in ink jet PILMING.AQPOORHSS LhS [80YdehrenBliflacdsces

differ in several ways. For example, the nozzle arrays in

(A

printing devices are engineered to deposit droplets on a

5) 10 plane of paper whereas inhalation devices are engineered to
deposit formu1a~containing droplets deep into at least one
lung of the patient. In general, droplet ejection devices

’

for use in an inhalation device may have a smaller and/or
greater number of nozzles, resistors and fluid chambers than
15 those used for printing. -Further, there is no need for the

nozzles to be-arranged in a rectangular matrix with parallel

nozzle axes as often the case in ink jets for printing. The

droplet ejection nozzles'may, for example, be arranged in a

circle and/or may be directed at a”converging or diverging
20 .angle to the axis of each other.

In some cases it is desirable to eject much smaller

e et sl o s

droplets than are useful for printing ink jets; the
construction of the nozzles, resistors and chambers may
therefbrg differ in size and constrUCtiQD from those

25 employed in ink jet printing to produce the required smallex




5 October 2005 WD 02/094342 PCT/ US02116233 droplets. Additionally,
droplet ejection nozzles may differ in dianeter such that the particle
size of the active agent sprayed fromthe device may be controlled

programatical Iy by selecting which nozzles are used for dﬁp@ b qg@gtlon

5 particlée size may be varied fromone tine interval to
are suspended particles of solid or droplets of liquid i
medi um such as air drawn through a device by the user.
medi canents, i WY&¥@¥8Fdance 10 with an enbodi nent of the
i nventi on, aaregléeéosqalada%%ﬁgiw'%@o glectd %cft[%&rﬁr?”

plunme of smaltl droplets that ca ‘e’ e’in

osol s-
n a gaseous
Pr ovi di ng
prrEganst2/16233

5 BFS e ar o

(hen deposit el nsadieabies! Ll hhochipas, Lokood W elgrousslil, Tor (he

conposition of droplets to maintain e conp05|t|on

the reservoi gprdPbd £ARUEYRBL Sed £ emihr%.g %@%&%@B?Eg@t é

sol vent, from partitioning unequal et ween

dJQQQQ and

the ' sol Uti OBy T gORLAYMG A1 tNGEIENLGE, SLYREN U3ER 00N PALLLLT Oni NG

could for exanple lead to a substantial so

eventual |y ppesidiaidion ang kogakl 08) £y o%let EIrE@tl'n\é%w

one or nore nedi canent between the material ejected and

B (and
atdepletlon of
%he mat eri al

remai ni ng i nahdkenerevi ce. Such undesirable partitioning could affect the

dose by alterlng an actual dose from an intended dose.

10

Aerosols are suspended particles of solld or droplets

of liquid ;n a gaseous medium, .such as air drawn

through a

device by the user. Providing medicaments, in accordance

10 with an embodiment of the present invention, as an _ ' L

aerosolized solution ejected from an ink jet creates a plume

of zmall droplets that can be inhaled; the inhaled droplets

are then deposited in the alveoli of the lungs.
i o

"It is

pherefore useful for the composition of droplets to maintain

15 the composition of the solution in the reservoir.

This

prevents'fo:mulation components, for example, a solvent,

‘ﬁrom partitibning unequally between the droplets ejected and

the ‘solution remaining in the device between uses;

Such

partitioning could for example lead to a substantial solute

20 concentration (and eventually precipitation and kogation) or

alternatively, a depletion of one or more medicament between

‘the material ejected and the material remaining in the

device. Such undesirable partitioning could affect the -dose

by altering an actual dose from an intended dose.

io0



5 October 2005 WO 02/094342 PCT/ US02/ 16233 Anot her dosage-effecting

f act or

the conposition of the aerosolized nmedi canent and how t hese

is the size of the droplets. Droplet size is in turn affected by

behave under the conditions of ink jet bubble 5 delivery. T, |dions

oﬂééuch fornulations are the topic of the present disclosu?gp&ggg%iit '
ejection devices subject ‘'the materials to certain physical forces,
exanpl e heat, sHE&¥HY2forces, and surface tension. These Harusexismay

affect ‘nore sensi tinkend? &URRRNERES At REf U MYl 2

causi ng the

invention.s 2ABeAd vesed i Theaonpbodh 1Bt 0of sUde FREASEM idnaVent i O
tension and viscosity agents facilitate the fl ow of

conponent s

for

@ﬁgnple, by

hbogy
conponents to inpinge precise and contrd??%d% osi hg net hod.

Proteins are dahilesandombdilerdat o8 mand denatiire wihh,, ghgvat ed
tenperatures. The heat incurred by the resistor is to sonme extent

transferred tepngeRikighisk amd apessad1a HéOR Mttt LREHIZEHefieat i ng which

i's not effectively dissipated nay deleteriously affect sensitive

conponent s ofcongdyient orataatel QRdet teHeS chbhdist sl Bk Dot B deOpihkidri ze, - and
to account for, such effects, as done in an enbodi nent of the present

devi ce channedopicSuff dice gresshondandosui-scosity affect the reliable
formation of correctly sized droplets by assisting the ejected liquid
bol us to coal esceD26plelt ejeniion Mesiized siojplcet shafhaferielease fromthe

nozzl e.

11

15

20

certain physical forces, for example heat, sheering forces,
and surface tension., These forces may affect more sensitive
components of ﬁhe formula;ion, for example, by causing the
componenté to impinge precise and controlled dosing method.
Proteins are labile and will deform and aenature,with

i

elevated temperatures. The heat incurred by the resistor is
to some extent transferred to,thefliquid and ejected
dréplets. Localized heating whicﬁris not effectively
dissipated may deleterioﬁsly affect sensitive components of
any formulation. It is thus useful both to minimize, and to
account for, such effects, as done in an embodiment,of the
present invention. |

~ As used in an embodiment of the present invention,
purface tenaion and viscosity agents facilitate the flow of
liquid through the device channels. Surface ;ension and
viscéaity affect the reliable‘formation of correctly sized

droplets by assisting the ejected liquid bolus to coalesce

into uniform-sized droplets after release from the nozzle,

11

surface
l'iquid through the



5 COctober 2005 WD 021094342 PCT/ US02/ 16233 Correct droplet size affects
the correct and controll ed dosage | evels, especially for inhalers that
deliver a predeterm ned nunbers of droplets. The nol ecul es at the surface
of aliquid are subject to 5 strong attractive forces of t I nt eri Qr

nol ecules. A resultant force, whose directionis in a plaﬁggfgﬁﬁgﬁkgto
the surface at a particular point, acts to nmake the l'iquid surface as
smal | as possiblewogbﬁtﬂggnitude of this force is &alled surface tension
and has the units o orce per 10 unit length (surface tensi dTS¥e2dynes
per centinet er Forr&ur fxopliensi on dffetbbe tH-ARBLrOf: Sy RESL LM LY 75
dynes/cmis wused in an enbodi mnent of the present invention.

Al ternativel y, dPhessureivade, t essicinlily bet weer1dfs dmessemand ;50 dynes/cm

Alternatively "Still, it is between 25 15 dynes/cm and So dynes/cm
Al ternativel y Bregetermingd nigghersenf28rahires/.cm and 35 dynes/cm
Alternatively still, the surface tension of the fornulation may be

adj usted to any vafbe rmlemddedat’ tSur fsacatenss anliguad faet g hich,
affects droplet size 20 and may be controlled by the introduction of
surface tensi diftrogantttelddtiyeagentss ofuthe aimtsuti bachaidauleSUr fact ant s
that are charged or non ionic agents are used in an enbodi ment of the
resent invent XSGRl fieggat vhossifract ot iwsed hnplarparbhstdlo
D _ ‘ rRakahgan
formul ati on depends -on the 25 nature of surfactant and in particular, the
ol ecul ar meigﬁpe surface at a particular point, acts to make the liquid
surface as small as possible. The magnitude of this force
is called surface tension and has the units of force per
10 unit length (surface tension is in dynes per centimeter).
Surface tension in the range of 8 dynes/cm to 75 dynes/cm is
used in an embodiment of the present invention.
Alternatively,rthe,surface tension is between 10 dynes/cm
and 50 dynes/cm. Alternatively still, it is between 25
15 dynes/c¢m and 50 dynes/cm. Alternatively still, it is
between 25 dynes/cm and 35 dynes/cm. Alternatively still,
the surface tension of the formulation may be adjusted to
any value as needed. .
 Surface tension is a factor which affects droplet size
20 and may be controlled by the introduction of surface.
‘tension-controlling agents, such as surfactants.
Surfactants that are charged or non ionic agents are used in
an embodiment of the present invention. The amount of

surfactant used in a particular formulation depends on the

25 nature of surfactant and in particular, the molecular weight

12



12 5 Cctober 2005 WO 02/094342 PCT/ U502110233 of that agent. Liquid
conpositions wherein the surface tension-controlling agent conprises
0.01%to 3% wW v of conposition are. used according to an enbodi nent of
the present invention. Alternatively, the surface tension- 5 C ntiﬂﬁl i ng
agent conprises 0.05%to 0.15% w v of conposition. Alter nat] @P@?l‘ R
sur'f ace tension-controll ijﬂw agent can be adjusted to any wv of the

‘Vf sc

conposi tion, as,, @g@gﬁg. osity is a sort of internal friGlisginead is a
10 neasure of a Pi quid' s resistance to changes in shape. Viscosity

ef fect s cone dfntthapl agentf. t beqhiduicthrbel hidng ivbarein fheheupfesent:
i'nvention changes its shape as it noves, such as when the fornulation is
f.orced t hrougtersinozedetraddéhg adancosPmpr et 81 el BE ¥éHt ?HI 1 ed by
agents such as 15 pol yethyl ene glycols, alcohols and the |like. Viscosity.
i's tenperat wamdephelR Mreadedud e daRer v Sod eROGHITE 6f tRenti poi se
(cp). Fornulations having viscosjties in the range of 1 cp,to 10 cp at 25
C are used i rezeseatbbayerricnof Altrensté¥eht. itheeAtTHIFe ACREIMRAT i vel y, the
anount of 20 viscosity-controlling agent nay be adjusfed _as needed.

Ki nemat i ¢ i seodineyliBg Aveatt PAREISFE xPredd (5’n16%’ AN Slosity defined as
the viscosity of a fluid.divided by its _density. Li %u,i d fornul.ations of
the present |FREREEERORay &L EAERRTIVEY r ERYi T EEFEnT BF° 627 PR S ™2, 2
g/nm.. 25 Alternatively, the dengities ra?\geoifr%m 0.5(%{ to g,éo

agent can be adjusted to any w the composition,
needed.
Viacogity is a sort of internal friction and is a
3 . 10 measure of a liquid’s resistance to changes in shape.
Viscosity effects come into play if the liquid formulation
‘in the present invention changes its shape as it moves; 3uchf
as when the formulation is forcedf&hrough a nozzle. BSuch
viscosity effecta may be controllgd by agents such as
15 polyethylene glycois, alcohols aﬁa the like. Viscosiﬁy,is
temperature dependent and may be expressed in units of
centipoise (cp). Formulations having viscosities in the
range of 1 cp to 10 ¢p at 25 °C are used in an embodiment of
the present invention. Alternatively, the amount of
20 Qiscosity-controlling agenﬁ may be adjusted as needed.
Kinematic viscosity ia an altermative exp;eaaibn of
vigcoaity defined'aé the viscosity of a fluid divided by its
density. Liquid formulations of the present invention have

densities ranging from of 0.7 g/mlL to 2.2 g/mL.

75  Alternatively, the densities range from 0.5 g/mL to 3.0

13



13 5 Cctober 2005.. WO 02/094342 PCT/US02/16233 g/ nmL. Alternatively
still, the densities can vary as needed. According to an enbodi nent of

the present invention, it is useful to ensure that the conposition of the
aerosol 5 emanating fromthe device is the sane in all dis I

aspects as the fornmulation filled into the device. For exgenép({@,?er?{)o?'s
useful to ensure that changes in conponent concentration and/or in

bi oactivity occurwomae@ntrolled manner. 10 The wel | “from which the .
aerosol is ej ectg%'i s small, thus the total volune of fornul a¢¥@aissal so
smal|. The act90W of Alaponaziwegyt Bei dri Ve HBY.;Qver time, leave an
accunul ati on of debris on the resistor surface,s%at%e%f FaBtVaRnédn as

kogat i on. Kogat#s¥esl-so tends to clog the jet, 15 causing the jets to
sonetinmes fail or t% sog.ti mes produce an erratic delivery of dislodged
particles fromthe PESPEIUIR tsunhaemdiambhe HENRGSO addi tion of

hunmect ant s (hyi%roph%lHEc agents) counteracts kogat 5%%@ S EAM P sdéh as
pol yet hyl ene gl'ycHUFS{PEGC a#ngure iyl Hexddiddate-HSeH 410 an_embhodi nent of
the present . inventjon. In another enbodi rrerﬁa), t he hcgfrjré:c Faft "4 %o
conprises a“vi SCBBPEIAT dowwrr bhti dryiagens , thecause; f orulgations h‘e]i;gpl oyi ng

hi gher nol ecul ar wei ght PEGS are nore viscous.' PEG nol ecur arusi ghts
rangi ng from 668PER-BEG0 the formulation filled into the device. For

exampl it i
PL€, 1t 1s useful to ensure that changes in compeonent

concen L i loactivi
centration and/or in bicactivity occur in a controlled

‘manrier,
The well from which the aerosol is ejected is small

thus the total volume of formulation ig also smali The

action of vaporizing the driver may
1

) - l
accumulation of debris on the resistor surface
A ’

i
Kogation also!tends to clog the jet
/

over time, leave an

an effect

known as kogation.

15  causing the j Lmi .
using the jets to sometimes fail or to sometimes produce

an B 0 » ) rl
erratic delivery of dislodged particles from the resistor

surface to the aerosol. ' The addition of humectants

(hydrophilic agents) Counteracts kogation.
Humectants such as polyethylene glycol (PEG) and-
20 ;yclodextrip are used in an embodiment of the present

invention. 1In ancther embodiment, the humectantralao
comprises a viscdsity4controlling agent, because

formulations employing higher molecular weight PEGs areé more

viscous. * PEG molecular welghtsg ranging from 600 to 8000

14

xl



14 5 Cctober 2005 WO 02/094342 PCT1US02116233 dal tons can be used.
Alternatively, other commercially available PEGS or rel ated nol ecul es are
used as hunmectants. Successful additives are largely inert towards

pharmaceuti cal conponents, e.g., interact only non 5 speci f5|§ﬁ%%20?5h
proteins without form ng coval ent bonds which could changé the tertiary
structure of the protein. * On the other hand, protein tertiary structure
stability is knowmetse correlate with the nunber of hydr og@fTH8RAE3ANd

ionic-interactions between charged groups. .Jor .S reasqn,. t he

addi tion of heIEEPENERR & '45els My r“tagé‘f%f%r é’tttlglgﬁdc %me(}%éggfg}ésed protein
stability. Humectants which are_ nonionic hav Fffenent-effiects than
i oni c ones. VIAY3EaPhE PEGRIYS 55 BFDIGASFE es%lavréemsgg‘?ﬁ;g t]ﬂg1 ct%mught to

encourage hydrogen bondj d.therefor j Lsi i tertiary .15
Craoe, ShenoashoBendhi R0 LUer SL Saptely Lbeseiptaa (o1 Lo

structure, to pro insolubility, thus

defeating the aimof obtajnin pformfor I Vet Accordingly,
t he devel opneH]Pa’BTfaCFBEﬁ%ﬁﬂaﬁoo gHg-hlé%)’aE'g'fg}r%%Il&%gi ﬂﬁ%ir, ug delivery or

ther mal dropl el ej:qebi o 0 o:B06 40 NanBED e dilni oY coh RAROSHRENT. Of t he

pr esent i nven at‘resolvés one or nore of thé followng issues: (1).

kogat i d i i fLow, ple8lef ' d (3
ogel fon a1 ChyS Blg(Blelatifel Lo 2pg o aalictaloe Bk Qhoceaad (3

protein prote as above. 1n. addition, the enbodi nent

provides formyl ations,thal oy € corpal idde:ai td RRthbeUsddbipaeyeins or

phar maceut |1 cal agents.

: known to correlate with the number of hydrogen bonds and
jonic interactions between charged groups. For this reason,

10 the addition of humectants as salts might therefore lead to
decreased protein stability. quectants.which are nonionic
may have different effects than ionic ones. While the

}

addition of organic solvents mighﬁ be thought to encourage
hydrogen boﬁding and therefore sﬁébilize protein tertiary
15 structure, such solvents might léad to protein ingolubility,
thus defeating the aim of obtaining uniform formulétion
delivery.
Accordingly, the development of formulationé suitable
for protein drug delivery or_the:mal droplet ejection drug
20 dosing bénefits by an embodiment of the present invention
that reéolves one or more ofrthe'folléwing issues: (1)
kogation and crusting, (2) fluidAilow and droplet formation,
and (3} prbtein—protgction as described above, 1In addition,

the embodiment provides formulations that are compatible

25'-with particular proteins or pharmaceutical agents.

15



i5 5 October 2005 WO 02/094342 PC (1US4) 2/ 16233 Therefore, an enbodi nent

of the present invention conprises a |liquid pharmaceutical conposition
conprising a therapeutic agent, a surface tension-controlling agent, and

a conponent conprising a hunectant and a viscosity 5 controgéi ng %%gtgl&__—,
5 Qctober 2005 WD 02/ 094342 PCTI US02/ 16233 EXAMPLES Exanple8°GpPer o
enbodi nents of the present invention are exenplified in the follow ng o

exanpl es.. These vyaxphas are nerely for illustrative purposessmigzand
are not ‘neant to 5 be limting on the scope of the appended clainms. The :
surface tension of ThageEHaut PBnC RS Mesti Pat'dl BERATNL 4 T8EPERAD gauge &

‘tensioneter referenced agai nst pure water. ~Commercially avail abl e
surfactants sFHFPEd SFNEENGAPL180PRITIRCERREF L £OPRELY LU SAVEXY BT 1% ne( 20)
sorbitan nonol aurate) 10 TWEEN(r) 80, (pol yoxyethylene (20) sorbit

nonool eate) , SREF@PEHF He F%Pky| # rF Iéﬁ%%‘r‘i%/”dﬁP F’b‘gli ,'aﬁﬁHtBF%nﬁ]r) 35
(ICl .Arericas Inc.) 'ggol yoxoet hyl ene(23) | auryl ether)' were wused. Qher
surfactants ré £O8@oRENY PER L eited APECEIYY &ffdRdit e ¥ ¥act ants. 15
Proteins were testeg with a transgenic cell bioassays wth receptors

i ntroduced t o YWE LI 4968 fic to the test protein. These bi oassays
were appropriate for indicating : ‘

%

16



the functional effectiveness of the protein. Mlecular assays were
performed to indicate the primary or tertiary 20 structure of the
mol ecul e. Assays used included size exclusion high performance liquid

-’.y . h H
Kf omat ogr aphy, reverse phase high performance |iquid chrg)n@ [ ,
Ss spectronetry, isoelectric focusi-ng and i munoassay. Fo fgrﬁg%rtaﬁgﬁs

wer e devel opedyd habyoul @ exhibit no 25 kogation and the Wicoasiiivisiy and
nol ecul ar structure of the 17 5 Cctober 2005 WO 02/ 094342 PCTI US02/ 16233
prot ei n was EFadPEBEt ed by the process of aerosolizing the formulation and
recovering the condensed aerosol. Each .protein was fornulated at a
concentration thBrawpkes ©f eupedidgnts de W EFeAtRa PR 9T &fice such
that the 5 plume of aerosol contained the required amount of

{her apeut | ¢ exeFRhbEL o (L Adbe abRIGPWLES: BTGPl nTASHAGRATPERP 4%Ri ch was
filled inte an inkjet cartri dg_e and fired fromthe cartri dag]et. .. Hunmect ant
and surf act agredpnEehtildtissRatiie PUEBPEE &P1Y02BAH T AL T4E d68e ej ect ed

fromthe device did not dimnish w.th repeated.firi.ngs and the ejected
aerosol &l o WA ELHHAS AL SCREs Pt bre saﬁﬁ‘a&ggg cé];ﬁf"%oZzl es were

i nspected by Scanning Electon Mcrascopy to establish._the ¢ nl.jness of
15 the surfaces and ¥ usAEFY 't R g]?%)esc‘ili‘\liéﬁlés‘%aso S’F%ma & 2anh

e hunectant and
SurfaCtaht' ;mg%gaygnggﬁé%p%e%gggégggga%gfggenced against pure water.

Commefcialiy available surfactants such as TWEEN® 20 (ICI
Americas Inc.)'(polyoxyethylenekzo) sorbitan monolaurate)
éj 10 TWEEN® B0, (polyoxyethylene (20) sorbitan monooleate},

j cetrimide (alkyltrimethylammonium broﬁide), and BRIJ® 35
(ICI Americas Inc.) (polyoxoethylene{23) lauryl ether) were

1]

uged. OQther surfactants related to those tested are also
candidate surfactants. rf

15 Proteins were tested with artransgenic'cell biocassays
with receptors introduced to the cells specific to the test
protein. These bioassays were appropfiate for indicating
the functional effectiveness of the protein. Molecular
assays were performed to indicate the primary or tertiary

20 structure of the molecule. Assayé used included size
exclusion high performance liquid chromatography, reverse
phase high performance liquid chromatography, mass
spectrometbry, isoélectxic focusing and immuncassay.

Formulations were developed that would exhibit no

25 kogation and the bicactivity and molecular_atruCture of the

17



concentrations were suitable, the aerosol fromthe device was collected,
anal yzed, and conpared with the solution before aerosolization. 20 Duri ng
testing, it was useful to ensure that the conposition of the aerosol
emanating fromthe device was the same in all discernable g?&)ei)ct ZO‘ZSS "he
formulation filled into the device. For exanple, it was ug Tl nsure.
. that changes i ent concentration and/or in bioactiv occurred

in a.controll ed@ﬁ%ﬁ%@‘i‘ is 5 Cctober 2005 WD 02/ 094342 PCT/B%%? _
EXAVPLE | Hunmtgiowrds horafinetéh @Gy thaspfaransd a;tfede:acbscalrighgi_thél\n t h 6% & -
w w PEG 8000 and 0.1% w v TWEEN(r) 20. The 5 formnul ati on was-unbuffered ‘
and no additifenabhlstlders angr eecavebeichgt dhé heorfdemmaelkateossolThi sador nul ati on
was aerosolized wusing a thermal 'inkjet and the aerosol condensed and
recover ed fommmgiysw:ss HPprbudatsd\atapdeeiftent rBitd onf thatulwatsi on aer osol had
an average droplet size of 8 pmas 10 neasured by a. Ml vern |aser. An
exanpl e of tmalphbassdhyto besaftcligricehesimvdicradeasydsshaactor ding to an
enbodi ment of the present invention is shown in Figure 1. These analyses
i ndi cat ed % herlampast meinased urantaingidf £be errmuifetnereuntheft wo sol uti ons,

whi ch established the protein 15 (and thus the formulation) was not
materially aftﬂ’)éé‘fi@@ltmr| Hgmgqat@jtt eﬁan@)@#gb to the protein formulation

which was filled into an inkjet cartridge and fired from the
cartridge. . |
' Hdmectaht'and sﬁrfactant concentrations were selected
10 su&h that the dose ejected from the device did not diminish ' 4
with repeaﬁed'firings and the ejected aerosol cloud was
consistent:
Registor surfaces and nozzle; were inspected by
Scénning:Electon Microscopy tQ_eSiablish the cleanliness of
15 the surfaces aﬁd-subsequently thé effectiveness of the
humectant and surfactant. When humectant and surfactant
concentrationg were suitable, the aerosol from the device
waa‘collected@ aﬁalyzed, and compared‘with the solution
before aercsolization, |
20 During testing, it was useful to ensure that-the
COmpositibn of the aerosol emanating from the device was the
same in all discernable aspects as the formulation filled
into the device. 'For example.'it was-useful‘tO'ensurc*that

changes in component concentration and/or in biocactivity

25 occurred in a controlled manner.
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Insulin was fornulated at 10 ng/nmL with 6% w v PEG 8000 and 0.1% w v
TWEEN(r) 80 and aerosolized using thernmal inkjet. The aerosol was
.recovered and conpared with the initial 20 fornulation using a cell

Bi oassay and reverse-phase HPLC. Figure 2 is a represent atgr(ée EPI@ %race
‘of insulin before aerosg|ization (the upper graph), after *@t89% 4

aerosol i zat i oRyd §,6438 ddi'e graph), and after repeated aeLeppihaatd on (the
| owet. graph), according to an enbodi ment 25 of the present Invention.

.identical retention tinme and peak 19 5 Cctober 2005 WO 02/094342

PCT/ US02/ 16233 shape for all three solutions indicated that there was no
measur abl e di%¥MEFBntes between -the sol utions, establishing protein (and
thus fornulati-on) integrity during and after dosage. 5 EXAMPLE 2 Sim | ar
tests were carri fé‘é“ﬁ‘fhtgré’h’tﬁomwn@ $eGHuwas] figrmigrtegnat (1Y ™or mul at ed
at 150 ng/nL. Mass ectronetry HPLC, isoel ectric focussing and

i mmunoassay &t &% d’é}r)“f dEFe82949 %’rﬁ’ PhEd MO TEEBY 2d-0sdheand initi al
fornmulation indicated there was no difference between_the solutions
during or’® dPFBEYgody&aseimppifiergdrand moopAdttion Spihbt efevet her apeuti c

agents, nicotine, ,
9 addeg to the formulation. This formulation was aerosolized

using a thermal inkjet and the aerosol condensed and
recovered for analysis by bioaééay and HPLC. The
formulation aerosol had an average droplet size of 8 um as

k! 10 measured by a Malvern laser. An example of the bioassay
:esult for the recovered aerosol according to an embodiment
of the present invention is shown in Figure 1. These

i

analyses indicated there was no measurable difference
-between the two solutlons, whlchféstabllshed the protein

15 (and thus the formulation) was not materially affected
during or after dosage{

'Insﬁlin was formulated at iO mg/mL with 6% w/v PEG B0O0O
and 0.1% w/v TWEEN® 80 and aerosolized using thermal inkjet,
The aerosol was recovered and compared with the initial

2 formulation uaing a cell bicassay and reverse-phase HPLC.
Figure 2 is a representative HPLC,trace of insulin before
aerosolization (the upper graph), after recovered
aerosolization (the middle graph), and after repeated

- aerosolization (the lower graph), according to an embodiment

25 of the present invention. ldentical retention time and peak
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cromol yn sodi um and nedocrom |, were fornul ated and aerosolized using
procedures simlar to those used for protein fornulations. N cotine was
formul ated at .concentrations up to 501 wwin water with 0._1% w v _TWEE
20 20 and aerosolized using this procedure. According to thbeégtobér
there was no neasurable difference between the solution durirng or after:
dosage. Ot her exev@i@niss and sol utes may be used in conjunction w.th thi$§
t echnol ogy. Such excipients include al cohols, 25 hydrocarbon®C&nsh2/16233 '
fI uor ocar bons, SARPEHEGrPR1a| bre® H10ct oferindi 08B NG 1R/ 09434225 o

PCT/ US02/ 16233 advant ageousl y enhance or control formulation viScCosity
and'  al so dr uBe3gtiahlet Fé§ferrnadve baovasn ithehasl bemsf, ouBE.1Nak 1 ni t 1S
not necessary for the drug to be in solution, it also nay be present as
an enul si on or PEUSHEhSPBA. ths feamehesiandipubhinat idepsndesey ped, her ein
are hereby inccg%orat ed by reference to the sane extent as if each

i ndi vi dual pat 8%5r publication was specifically and individually _
i ndi cat ed tﬁ be incorporated by reference, The steps depicted and/or used
~in nethods herein may be 10 perfornmed in a different order than as

~ depi cted and/ gf ed., The steps are nerely exenplary of the order

these steps may occur. The steps may occur in any order that is desired, .

such that it stillgsperforms tthe oal s of the clained invention.
. ~Lests were carried out on follicle stimulating

hormone_(FSH) formulated at 150 ng/mL, Mass spectrometry,
HPLC, isoelectric focussing and immunoassay testg performed

10 on.the recovered aerosol and initial formulation indiéated By
there was no difference between the solutions during or

after dosage.

EXAMPLE 3 : o : r;-':.

15 7  Other ‘non-protein therapeutic agents, nicotine,
cromolyn sodium, and nedbéromil,Vweré'formulated and
aerosolized using procedures similar to those used for °
protein formulations. Nicotine was formulated at

,éoncentrations up to 50% w/w in water with 0.1% w/v TWEEN®

20 20 and aercsolized uging this procedﬁre.' According‘to thése

tests there ‘was no measurable differencg between the |

i solution during or after dosage,

! ' Other excipients and solutes may be used in éonjuﬁction
with this technology. ‘Such excipients include alcohols,

3 hydrocarbons and fluorocarbons, which may also

20



;r The inventions illustratively described herein can suitably 15 be
practiced in the absence of any elenent or elenents, limtation or
limtations, not specifically disclosed herein. Thus, for exanple, the

rms "conprising,” "including, 'containing,"” etc. shall be
xpansi vely and without slimtation. Additionally, the terﬁ%bgﬁﬁerzoos

expressi ons egployed, 20 herein have been used as ternms of description and
not of Iinitgpﬂdﬁgggnd there is no intention in the use Eﬁ”@ﬂHHQF%rnB

~and expr esshonmteigeexnsl ydémtprarey ogqeinrabénfermfldtienf ui s shoywy © and

- described or portion thereof, but it is recognized that various-

“nodi fi cati oaksaKdeugpsskilpl B igist-hi ivitiermevpe idf hakeb@én ifowaat tign cl ai ned.
Thus, it should be understood that although 21 5 October 2005 WO 02/ 094342
PCT/ U502] 16233 s nhe peestHRTY APENERDATHASt D dwn iopecl dtiical, | yr dilsk] osed by
~preferred enbodi nents, and optional features, nodification and variation
of the invemti baspeetoth &f CRePBRIFIPSr 8F sufipseisésed can be resorted to.
by those skilled in the art, and that such 5 nodifications and variations
are consi dered &bleatfntfi ANEhBURTSEE10S tdescrabedtiomsindise lesetyher ei n.
The inventions have 10 been _described broadly and generically herein. Each
of the narridwerrepeieaddYafGreipYehéPi ENYrvus Aysentalds af sidthin t he

generic disclosure also form part ,of. these inventions.
. individual patent or publication was gpecdifically and

individuélly indicated to be incorporated by reference.
The steps depicted and/or used in methods herein may be
:10 performed in a different order than aé depicted and/or stated.’
The steps are merely exemplary of the order these steps may
occur. The steps may occur in any order that is desired, such

[

that it still pérforms the goals qf the c¢laimed invention.
The inventions illustrativelﬁjdescribed herein can suitably
15 be practiced in the absence of any element or elements,
limitation or limitations, not spgtifically discloséd hereinL
Thus, for example, the termé “compriéing,“'*including,"
"containing,” etc. shall be read expansively and without
limitation. Additionally, the terms and expressioné empioyed
50 herein have been used as terms of descr;ption and not of
limitation, and icre is no intention in the use of such terms
and expressions of excluding any eq&ivalents of the future shown
and described or portion thereof, but it is recognized that

various modifications are posaible within the scope of the

25 invention claimed. Thus, it should be understood that although

21



I ncl udes the generic description or negative limtation renoving
specifically resided herein. aspects of an invention are genus,
regardl ess of whether or of each invention with any subject matter from

Thi s a proviso the not the excised materials In addition, e, tures-
-or -descri bed in-terng-of the Markush 15. group,...t hose schocﬁé@gﬁ?} %Oﬁg art; ..

t'he invention is also theﬁby ‘described in terns. ofr}

w || . recogni
%ﬁ 5/qu]r;ﬂz)er or subgroup of menbers of, the Madqush, gogup. Fro

any i ndi vi dua ( ( _
i varont b ban e uaes ¢y B IR B TR o Sy oenabpr enent 5
has been descr i bed wth speci i Fe erencSaYree: (i Mrpbtams, A or
Pete T ormand ~deta | vt hout Beoi s ERERON B8 I ¢ i tenecorope

of the 25 lflen\;reﬁormﬂ tPheydesesd had1esbad] pgat §rg’r eantdo g csolréil dered in all
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modlflcathHS and variations are ConSJdEIEd to be within the
scope of the inventions dlsclosed herein. The inventions have
been described broadly and generically herein. Each-of the
narrower species and'subgeneric,groupings falling within the
| géneric disclosure also form part of these inventions. This
10 1nc1udes the generic descrlptlon of each invention with a proviso %3’
or negatlve llmltatlon remov1ng any subject matter from the
genus, regardless of whether or not the excised materials

I

spec1flcally resided hereln In addition, where-features or
aspects of an invention are. described in terms of the Markush
15 group, those schooled in the art w111 recognlze that the
invention is also thereby described in terms of any 1nd1v1dua1
member or subgroup of members of the Markush group. |
From the description of the. invention’ herein, it is ‘manifest
that various Equlvalents can be voed to implement the concepts of
20 the present invention without departing from 1ts sCcope.,
Moreover, while the inyention has been described with specific
refereuce to certain embodiments, a person of ordinary skill in
the art would recognize that changes can be made in form and

detail without departing from the spirit and the scope of the

25 invention. - The described embodiments are to be considered in all

22



5 Cctober 2005 WO 02/094342 PC1/US02/ 10233 respects as illustrative and
‘not restrictive. It should also be wunderstood that the invention is not
limted to the particular enbodi nents described herein, but is capable of
.many equi val ents, rearrangenents, nodifications, and substg’ Qg{o%)&nﬁ)

w thout 5 departing fromthe scope of the invention. Thus, a rona
“enbodi ments are within the scope of the invention and within the

fol l owi ng clai n¥QHPB _24 CLAIMS: 5 Cctober 2005 1, A |i gefiduso216233

phar maceutic Sidis [.Sl a eut.L ¢._agent,, surface

t ensi on- cont ?%el#%ggga%%nﬁlugg %iﬁ%r%%odn%% ej{:e%%ﬁlri%gl%ﬁ%' ar}h—'uﬁgg?g%tﬁgﬁdbﬁ
viscosity- c j Nt eV | h f : i on~contraollin

agent provi 'dgggegrgkgékgot?%? [ E):ir}eS aﬁtrqaka&éarﬁtaggﬁ% gﬁgiﬁ:oonr}gF %aldtylﬁé%)agm'to
75 dynes/cm &nbofihehl GG j :3CC isng i at_|. n
aqueous solution. 3. A li qgiggg?:%r#p%s%ilgf olgjtgéc%orcé?%%i?oﬁcﬂ“g%% qu\ﬁﬁ'gragf‘ﬁst he
therapeuti c eRkehfydrentse! RE4 L d4tQBhE Ny QUB:FPOSE 8L G 1 Pho @ hormone, a
‘receptor, an antibody, and an enzyne. 10 4. A FI qui dlcorrp05|?| on

- accordi ng & 0 ddpaiidg WhiemetRet AebderapeditiGRE9Lgin is selected fromthe
igroup consisting of a hematopoietic growh factor, an interleukin, an
“interferon, a growis heicdRBeensl Rltbadfhas ARePLOLRi N t1HRN 80 QRS
“protein, a coagulation protein, a thronbolytic protein, a bone
nmor phogeni ¢ pmotetion andAwl tHih tHOTPDSbWINN cageAs di ng to claim 1 wherein
the therapeutic proteinis a 15 hematopoietic growh factor selected from
t he group consisting of EPO G CSF, GV

21



CSF, M CSF, and SCF. 6. A liquid conposition according to claim1l wherein
the therapeutic protein is a hornone selected fromthe group consisting
of insulin, glucagon, growth hornone, FSH, and LH 20 7. Aliquid

conposition according to claiml wherein-t2de therapeutic préc)be{? m’gn
anti body or an antibody fragnent conjugated to a therapeuti & Eﬁl . 8.
A liquid conpddidlMi- according to claim 1l wherein the therapeutic protein
is a reconbinant protein. 9. A liquid conposition according to claim1

wherein the t er apey. ro S a on-naturally occurrin rotein.
10. Aliquid gorrp%‘sfimg ﬁ)ag(]:{:a%eru fed COIP%OS(L,foglcwnﬂsfﬂ%?@?eﬁ%%téc s %\g‘ ace

t ensi on- cont r aédsiongonargiéing agehit,ané o cHapdRnt confpdiiag 449edtaidQhd - vABBIgEd
clains 5 Cctober %POS -25 |d conposition according to claim 10

wherei n the sOPHEEIRRE8eNG Wi’@‘leéb@ BFﬁ‘lslP?i SOYFRNB %%@%‘W‘ﬁgﬁ”d’f solion

ani onic, fon ikgRaRkhGurfReZiMsiondF BAVh&G/cANE Bakyhanine agents. 12. A liquid
conposi tion according to claim1 wherein thé surface tension-controlling

agent corrprls s 0. 01%40 3% wv of the conposition. 5 13. A liquid
conposition a coré‘llif@“ ?P“E'ﬂoéit‘ﬁ{llac%ﬁ‘@?%ior?l%”ﬁel t@?i‘@%%‘kﬁctuﬁ@‘b‘séﬁluﬂé!ll i ng agent
is a polynmer. 14. A liquid conposition according to claim1l wherein the

vi scosi ty- conr ol Al lngic@@diositiod acoRGhy S aneet¥s Me thdrRpeufic ot

conposition according to claim 14 wherein the polyethyl enegl ycol has a 10
mol ecul ar wei §Hectest ffqmtﬂaﬁ FOUKFIS RS Rfrflormenc, ArgceRiar 4 eviisdi and en
according to gh@lﬁgl wherein the viscosity-controlling agent provides for
a solution having a viscosity of 2 cp to 10 cp. 17. A liquid conposition

-accordi ng to claim1 wherein the conponent conprising the
A liquid composition according to claim 1 wherein the therapeutic protein is

selected from the group consisting of a hematopoietic growth factor, an interleukin, an
interferon, a growth hormone, a cell adhesion protein, an angiogenic protein, a

coagulation protein, a thrombolytic protein, a bone morphogenic protein.

5. Aliquid composition according to claim 1 wherein the therapeutic protein is a
15 hematopoietic growth factor selected from the group consisting of EPO, G-CSF, GM-
CSF, M-CSF, and SCF.

6. A liquid composition according to claim 1 wherein the therapeutic protein is a
hormone selected from the group consisting of insulin, glucagon, growth hormone, FSH,
and LH.

20 7. Aliquid composition according to claim 1 wherein the therapeutic protein is an

antibody or an antibody fragment conjugated to a therapeutic compound.

8. Aliquid composition according to claim 1 wherein the therapeutic protein is a

recombinant protein.

9. Aliquid composition according to claim 1 wherein the therapeutic protein is a

25 non-naturally occurring protein.

10. A liquid composition according to claim 1 wherein the surface tension-controlling

agent is a surfactant,

500264091_1.00C - Amended claims



viscosity-controlling agent and the hunectant is a PEG 15 18. A liquid
conposition according to claim1l having a density of 0.7 g/nL to 2.2
g/nmL. 19. Afluid reservoir conprising a reservoir containing a liquid

formul ati on according to claim1. 20. A nethod of deli veri0,>n & 0
t herapeutic protein to a patient, the nmethod conprising 2 %?88%0% rqa an
aerosol froma liquid conposition accordi to claiml1, wherein the

aerosol is inhaled by the patient. 21. A rfethod for system c delivery of a
conpri si ng produci ng an

t herapeutic prgqtein at i.ent

aerosol from alql i qulll(gﬁ']?d gﬁ%osnimélﬁ(’oé%%rg‘iﬁﬂﬁ’ Y0gvhareip thesurlagiprd issjelpoterl drom
aerosol is i nhid grubyorssisangat inemionadort RARotiOAREMlonfk a%%

transported 25 into the patient's blood stream 22. tﬁd%%ﬁéms
preventing or ,treat;. %@ dIS od conpr|S|ng prodUC|ng an
aerosol from aﬁl i %ull comyss Itofl(%coé‘g%fiodﬁi%‘& ly yhegein fthe syrfaggrensianacontrelling
aerosol is i ntagéredomﬁrﬁseSO@mt/ﬁbe% WA thycohipsiRah,i ent to deliver a
prophyl actic or therapeuti c anount of the therapeutic protein to the

- lungs of the F@tl evi ce pul mnary delivery of a therapeutic
protein to a pati {qm Cr?énp(%‘\/‘f”&@cco tPlcﬁaFlﬁ veheeaphstviscod bmtontiblieg agent

el ectroni c aeisasgllyiganerating system fluidly connected 5 to a reservoir
~containing a quuid pharmaceutical conposition conprising a therapeutic

"~ protein, a su%acg &IOI’I cantrolljng agent and a hunectant, wherein the
~surface tensi SHPIeRPRY tarassprdinedo g | prdierein thelviscosity-doavolting agent

- surface tensi pn piycthyibnegiséaam to 75 dynes/em 24. The device according to
: claim23 wherein the hurrect ant conprises a viscosity- to controlling

- agent. 25. A 2182\ for making a device for pul nonary delivery of a

. therapeutic p q¢ Cﬁmpﬁﬁ@‘i’%‘?‘??ordtﬂﬂéo rietoh &t whonsiorthe paigethylencglygol has a

connecting a ﬁ@ﬁ&ﬂhﬁﬁzexgﬁfﬂfﬂ% b giisdfGis oni C

16. A liquid composition according to claim 1 wherein the viscosity-controlling agent

provides for a solution having a viscosity of 2 cp to 10 cp.

17. Aliquid composition according to claim 1 wherein the component comprising the

viscosity-controlling agent and the humectant is a PEG.

15 18. A liquid composition according to claim 1 having a density of 0.7 g/mL to 2.2
g/mL.

19. A fluid reservoir comprising a reservoir containing a liquid formulation according

fo claim 1.

20. A method of delivering a therapeutic protein to a patient, the method comprising
20 producing an aerosol from a liquid composition according to claim 1, wherein the

aerosol is inhaled by the patient.

21, A method for systemic delivery of a therapeutic protein to a patient, the method
comprising producing an aerosol from a liquid composition according to claim 1,

wherein the aerosol is inhaled by the patient and the therapeutic protein is transported

25 into the patient’s blood stream.

22, A method of preventing or treating a disease, the method comprising producing an

acrosol from a liquid composition according to claim 1, wherein the aerosol is inhaled



aer osol

tension-controlling agent provides for a.gglution having a
tension of 8 dynes/cmto 75 dynes/cm 26. The net hod accor

wher ei n the hggRgd RbnGO TBINVCS £ BrophYh e tleYap e @R Uni Rint bHe

1. DCC -

generating systemto a reservoir containing a liquid
pharmaceutical composition conprising a therapeutic protein, a surface
tension-controlling agent and a hunectant, 15 wherein the surface

Anmended cl ai ns

15

to the lungs of the patient.

23. A device for faulmonary delivery of a therapeutic protein to a patient, the device
comprising a computer-controiled electronic acrosol generating system fluidly connected
to a reservoir containing a liquid pharmaceutical composition comprising a therapeutic
protein, a surface tension-controlling agent and a humectant, wherein the surface
tension-controlling agent provides for a solution having a surface tension of § dynes/cm

to 75 dynes/cm.

24.  The device according to claim 23 wherein the humectant comprises a viscosity-

controlling agent.

25. A method for making a device for pulmonary delivery of a therapeutic protein to a
patient, the method comprising fluidly connecting a computer-controlled electronic
aerosol generating system to a reservoir containing a liquid pharmaceutical composition
comprising a therapeutic protein, a surface tension-controlling agent and a humectant,
wherein the surface tension-controlling agent provides for a solution having a surface

tension of 8 dynes/cm to 75 dynes/cm.

26.  The method according to claim 25 wherein the humectant comprises a viscosity-

controlling agent.
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