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Title: OPIAOD DELI VERY SYSTEM FI ELD OF THE | NVENTI ON

[0001] This invention relates to pharmaceutical
wonepas2dsh ons and met hods of admi ni stering saneCa2004/001578

nmore particularly, to opioidbased anal gesics and a

FENK/EKF?'I ];ngr[z)h(efl r adm ni stration. BACKGROUND OF THE

0 [ est drugs in
exi st ence, and%—@!ﬁa ‘ﬁbgal@bﬁféj@ﬁ%f ég?@“&mnagenegt
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| ant s. lates” 8 e natural derivatives of opium and
Fl t hadone, and heroin. Opioids" are
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mathbdrfonifieir, adroinigtiedient , and remifentanil . [0003]
pi 0| ds ar e beI | eved ﬁrt their effects through

' D NCNEBIN b the spinal cord and

[oBéSLBt or Dribie E'r”ei%?ﬁ'cw i Rl R ap Bl and remain
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esia, effe whi ch may be viewed as ejther si
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tTng, urinary retention,

oL, | dpistesY BRI SyitREHc dengesaiiothe @dme:nhanmaaaldglcal effect of
toxicity such as severe ventjlatory de Si o
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t |wa [ udi th
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transmu I d

R a0 e RS AR A, i thorapeute
offdiid %@g gsSRhdlgbsia2efledty WL Phaybe ividwed asrmmerwmmffects or
|nJecte |ntravenously, some opioids g UICk|¥ enter, th

tﬂmapeutmwdffe@snalepeodmgaﬁa eonisxhdvelugdinge podatign @Wn%?reased
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ventilatory depression, addiction, and toxicity such as severe ventilatory

depression, loss of consciousness and death.

[0004] Opioids differ from each other in many ways, including their route
of delivery, their physicochemical composition, their drug absorption rate, their
pharmacokinetics, and their pharmacodynamics. Noninvasive routes of opioid
delivery include oral, rectal, transdermal, transmucosal, and via inhalation.
Invasive routes of opioid delivery include intravenous, intramuscular, epidural,
spinal, and by injection into joints. When injected intravenously, some opioids
quickly enter the brain and spinal cord and thus have a very rapid onset of drug
effect (e.g., alfentanil and remifentanil), while others are absorbed slowly to the
site of action and have very slow onset of drug effect (e.g., morphine). Similarly,
for some opioids the drug effect is very short-lived, owing to very rapid

metabolism (e.g., remifentanil), while other opioids may have very slow
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site of action and have very slow onset of drug effect

(e.g., norphine). Simlarly, for sonme opioids the drug
wehi®ms23cs very short-lived, owing to very rapPdT/CA2004/001578

net abolism (e.g., remfentan2l), while other opioids

may have very sl ownret abolism and prol onged effect
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pmduuetb@m profound laysls siranalgesias @rof@yne.tegl% fiana dyypoxia,
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Conver sel % even with an under st andabl
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BB, B oY o B ety ity an undertandably
cdutulsyapiroaah| sy amnsl Hyaghl @areubq)mmurwtq tthrefatmemﬂt of pain, every

patients respond differentl As a result
yetarf manyatiests @Iﬁtféom@@éoléw? épraﬁ’ﬁ;ame%fﬁsamrées. a

reat their h d
ek, P2, B R0, S o Y SRS SaeRplpatnts
réggﬁﬁﬂvgﬁef&ﬁgno Opfoias ! emBt at @sbR! idiferadi lp&menw oedd different
sing i n patients has been the i ntroducti on

armantsent apelgesid tetreahdhegje Hair. As sgsh) it leas |b§ﬁ9m$ed9%tfable to
alfw gaaﬁratﬁé Ro e oAt SFdlalGes ey Befee! DL
[@Q?ﬂ ent ﬁ,ﬁjﬁ{a]'% é’/rali)ggeti'e??cﬁu %lH%SP@nsﬁéﬁeQﬂ% thfbeen the

st 'activate a delivery
mmlmaﬁorf][@fi gpatmmmtrmwd apalgedla”béf-"&ﬁé)t(IB@IIanty@a dC, et al.
i ven e patien d f
PBpicomithin e aop U S S0 oo SR8 i gepcomized

SRR TLoR ArhRIado e 190 ARG RO Sificie paen
rﬁustﬂbb dweke, and must activate a dellvgry me’chanls?n ’Itoopecelve more opioid,
before the drug is given. If the patient becomes overdosed from the opioid, then
the patient will become unconscious and not request additional drug. In this
manner, the PCA system uses a side effect of opioid, sedation, to limit the
amount of opioid given. One problem with the PCA system is that the drug is
injected rapidly after the patient requests it (typically, the time frame of
administration of drug is under 1 minute) and because the drug most frequently
used in the PCA is morphine, a drug that is slowly transferred from the plasma to
the site of action - this results in a delay between the patient request for drug and

the analgesic effect of the drug. As a result of this delay, patients often request
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anmount of opioid given. One problemw th the PCA
systemis that the drug is injected rapidly after the
woabismarzep equests it (typically, the tinme frameCoiCA2004/001578
adm nistration of drug is undgr 1 minute) and because
the drug nost frequently used in the PCAis rmrphi ne,
a dru hat IOV\A tra sfer dfromt
g s

at $REYIG £oTofh rP%s‘M & the, OCP'QIEI %‘%Ggel?mleﬂf the first
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drug a resul ay, patients often
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oB i i LBl LR SR sehivble, atined
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oSFRLBIE, 0 BRI AR, S e

bys &ie ElbEROUIOT as Nadyiemihiehes the Nratwntscogtrohef! dokmgt Other
period have resulted in the death of the patient.

dﬁ@ldvéﬂ’ta%ﬁs ®f otheenPEdel iBCiupas thet Byasiye; mareriekdut mtrggenous)
an St ﬁ Qg%éllh% ﬁ%t%@grélve%g}sr ﬂg@%ﬁg%bé‘ Bestfitth the use of
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e PON & iaktitltiohalkpeematiEntaidni ni stration as well as the
expensi ve infusion punps thus restricting the use of
[000.8]PCA t A secana attéroptita lzetmerpmijummold[ inpatigygads in the

SBlERBsbRvBE A rBEh iR LBBLE Sek BB Fih pidoinn.
nttﬁﬂ@bx@é%ﬁé&lﬂs‘i‘ﬁew tbhtheTate by the. pAighit dLAHG coxtidetions, and is
mask is held to the face by the patient during

releasedidtamribe fane when eidequate pnalgesiseis achieypdn However, this

T AT BB BRI Tyl sy echamm

shedovsrdasigf e nitrawharidenusipgnbis systedost agrmmstratlon is not a
nitrous oxide using this system qof adm ni st rgbl on |
sigmificant coRFeIne ahurtaeymQren Nitkus: Brdeds 8 938 Wh Jeguires a heavy

s’[eceéategﬁs f&‘P's‘fgrgg?q‘éhHe% 2o Frgﬁg)}/ &élgfg n){tﬁﬁs‘fe%orfoﬁtawnﬁﬂ%tratlon

a conpl ex iver ni'stration
Theesfetar ehe tiee usfe nﬁfousl tdxaias |swxpdma'r||§/ pestniatad yto the hospital

restricted to the hospital envlron nd not for .
eqMiseNEest 2ng amfet%tr Jaloni Ratisns r% @%ﬁ%a?ppeg%'ﬁ! problem
vs)"qbt Mhiftblis O&ﬁdexkéétg%eké‘tﬁé fo | ﬁ&ﬁh%" &A% ongy i Adisssity of

e necessity o m ni stering | concentration
a(:lrrnmstetrhmya?rﬂgb cohcentraton (m&reﬂ&a‘mSG?@gﬁmlwm oxide in oxygen
V\|,o tent{ O.Xi C. m xture.

th a po ential f a hyg XiC mixture.

[0009] The current invention seeks to use two physiological responses of
opioids: sedation and ventilatory depression, to limit the total dose of opioids that
patients receive. In this manner, the invention seeks to increase safety of opioid
drug delivery beyond what is currently accomplished with PCA or other existing
opioid administration methods whereby only a single side effect is used to limit
the exposure of patients to dangerously high levels of opioid drug effects. The
invention also improves the use of sedation by removing the need for a “lockout”
period, currently required in PCA systems, and removing the frustration and user
error possible therein.
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[0009] The current invention seeks to use two

physi ol ogi cal responses of opioids: sedation and
woenisilszory depression, to limt the total doBeTmiA2004/001578

opi oi ds that patients receive_In this manner, the

i nvention seeks to increase safety of opioid drug

delivery beyond what is currently acconplished with
§MM&@§J&V§N@Q‘& oi d adni ni stration nethods
ereby only a,.single side effect is used to limt the .
[‘ﬁg‘&]sure MB%Q”T‘@HI dhe o MYERERR JUSVIFeRi Hh_qcé:\(?éc%@cgf With® afirst
aSpb& Gndbpictidmdigtion’ RSt LSy fld AbtROG Of FBUIAURE ahBRjesia to a
use of sedation by renmoving the need for a "l ockout”
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a first aspect, an opioid fornmulation for use in a

sidlet Ieflactf spilopHimenarindiuge sielivery depigei baingngdepted to deposit
oRtRidh B TR SO AAiooanb! e enhuisin
coiprisitioy af exfientive amowstusieatiealsy emiearapirdnseioppioityand at least

i nhal at1 on when satisfactory anal gesia |is achi eyed or .
ope BHaagRskelieqt QP'QiCHea'&@'f%%:ll?r;‘a@?ﬂg%“ﬁ&f'%r?&%?lﬂ\ﬁ%‘g carrier, the
officentorf g EfpP St BHoR BpRia el SERRR s8It HhfRghnalation,
analgesfapisnadrie vexh befonp the iongetbof &difl exide eﬁeamaudtthe%onset of said

| east one rapi d-onset opioid and.at | east .pone ,

sides e ‘?Weﬂc%frgé?ﬁfo@pﬁlﬂ eBS%ﬁqaf ?P%'S{p Abse tBat the maximum total
' i t4 t

oBRAE AT CRicbnBbtior, MBS A TBRER AT 1B0Cls] Kpratly fRCBnset of

saithsiples ieffeck canhbhewsedbby dhe paigerdnioeterofinatei inhaladien to avoid

tef.f. ct, and the onset of said side effect occurs
PBE¢'Bre the onset of toxicity, and so that the maxi num

| ne. | . ; _
9G5! < P\l ook, AARBIGRR et RrRAERES dfth fER T ERfitentration
afldel_ﬁ}p_b%/oft bte%rg?ﬂicﬁ?tis tszldatedn sglaatrmt i thb?inakinwmttlot?ycmidid plasma
oxicity. n one enpodj nent, e faormul ation is
coneantatian aHBe ebat $'Q?@eg§°bl$d19 fﬁ&é fE@h 65 YIS than 80%
o?ﬂ@ﬁﬁ?%?& tbﬁﬂtopgcﬂﬁ p%%%é&f’t?tioﬂp' oid plasm
concentration at the onset of side effect is no |ess

[60F2) 66% |Rrar¥théreembolied) ¥hefotalatib i isnchoftat the at least
opi 0i d plasma concentrati on.

one rapid-onset opioid is fentanyl, alfentanil, sufentanil or remifentanil.

[0013] In another embodiment, the at least one sustained-effect opioid is
morphine, morphine-6-glucuronide, methadone, hydromorphone, meperidine, an
opioid encapsulated in a biocompatible carrier that delays release of the drug at
the lung surface, or a liposomally encapsulated opioid. The liposomally

encapsulated opioid may be liposomally encapsulated fentanyl.

[0014] In one embodiment, the opioid formulation has a total opioid
concentration of from 250 to 1500 meg/ml.

[0015] In one embodiment, the opioids in the formulation consist of free

fentanyl and liposomally encapsulated fentanyl.
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[0012] In another enbodiment, the formulation is such

that the at | east one rapid-onset opioid is fentanyl,
weaht@mszsd | , sufentanil or rem fentanil. [0013PCT/CA2004/001578

anot her enbodi nent, the at Iegst one sust ai ned- ef f ect

opi oi d i s norphi ne, norphine-6-glucuronide, nethadone

B BED Rl 1181 rie. ARTasi et thadp <ol eriReagPN aides dgtanyl to
iBbsb gy WRGasaiibRErenRinyfis! 1:8050mI | y encapsul ated

|posona y encapsul at'ed opi oid may be

[bowporml ik #itResshboemémn i Yatio bP @bALentPativieof free fentanyl
enbodi nent, the opioid fornulation has a total opioid

te fnesemaliy peeaRsulaicdfenBOYL s aboud 2 g/ n . [0015] In
one_enbodi nent, the opiojds in the fornul ati on consi st
[6078] ce 1 At &ﬁyrhe&n@nﬂ%fwe% mﬁ eqma@snﬁpgfl@aﬂon contains  free
féﬁtréhgm a &Mtréﬂ?n%?roﬁ‘i"?@@'t rp&%’ﬁ% Iratio of

conc ation ree fent any omal |y

[0fgpsul atlﬁ%ﬁo@lﬁléraé}ﬁbodlﬁwéqt 5tth)p30|él foErﬁQﬂa'f‘bn lgdnédeg hgdsomally

enbodi nent, the ratio of concentration of free
em@ﬁpawwed tentamd éo awongerinationsol femRint ‘sﬁ@ﬂ mcg/mbout
[0018] In another enbodipent, the opio
teezm ati dR nRthes ﬁmmd@@elﬂteﬂhargnw'ﬂnfoarw&ﬁ%@@nh%ﬁ ial opioid

cgﬁgégﬁé‘ﬂlérpgf%hoa?@oﬁtﬂégﬁml Boﬁé@]feﬁtﬁngpe(:&rﬁ]}gé"ntratlon of about 200

odi ment , e opl oi rivul at i on co
rhd:gp(ml oawed |ay Ilpnsamauy aareadptelatech yéntanyh concemtnaticat iobrabout 300
from 250 to 1500 ntg/m . [0020] In another
%631 ment, the opioid fornmulation has a total opioid

BOREEr  24hoAng] R Sitbodfierle 3 forfylleR, EEBERR tyo or more
hffsrans bbriids Semidingla feRtitiondivhersiefthesily 188 Wpioids are free
ncg/ m . | 0021] In another enbodi nent, the fornulation

f@@fﬁ’m{i {IP@SQma|||19b$@C&DSHf3é¢‘éifﬁm@p}'10| ds, excluding a
| atiqn wherein the onl V\IOQ,IOIdsaI‘
[95%% ey ACAIGBGS SRACYIERY AP PRbES ek muiigppognsist of
Jiﬁ{m%‘?@‘ﬂ bent, the opioids in the formulation
conS| st al fentani| and norphine. [0023] In another
[602gi nentln ARGthberdmbadiient,C Y %rﬁ%lailérerﬁo@ﬁélhs'élfefmaml in a

concentration of from300 to 6700 ntg/
concentration of from 300 to 6700 mcg/ml.

[0024] In another embodiment, the formulation contains morphine in a

concentration of from 650 to 13350 mcg/ml.

[0025] Another aspect of the invention is a method of administering an
opioid formulation to provide analgesia to a patient while avoiding toxicity,
comprising the steps of:

continuously inhaling the formulation using a pulmonary drug

delivery device adapted to deliver aerosol particles of the formulation into the

lungs at an effective rate to produce analgesia; and

stopping inhalation when satisfactory analgesia is achieved or at
the onset of a side effect;

wherein the formulation comprises an effective amount of at least

one rapid-onset opioid and a pharmaceutically acceptable carrier; the
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[0024] In another enbodi ment, the formul ati on contains

mor phine in a concentration of from650 to 13350
wouegisms23e) 0025] Anot her aspect of the inventi oRCTAA2004/001578

met hod of admi nistering an opéeid formulation to

provi de anal gesia to a patient while avoi ding

nu
coREbfalon EARPHI P90 BORRE Gho FRBIE,AF L celivery of the
p@eﬂlolasabwngsseleemﬁsmitlm:t Uondghmwaan@erm ed1a"ié iaehR¥ed before
[ [ s at_an effective rate

“?% otaﬁéb%@%a"é lrﬁi‘ﬁ% %ﬁ Pl‘atn tﬁ%ﬁtdﬂgt @@ spishsifateftest @aewrs before the
ondbt of Q@il@l'iy’ AN BeHR th rﬁ%t&i’n’ﬁ)’rﬁ ‘Pél %loﬁgﬁlagpr?a %ﬁ%entration

a side effect: wherein t or mu I Ses
dees ot reachaiaximievels, wher@asitheomset@psdfdomeéteff@ct cartlbe used by

v el aR PRARHle RalafiofdS oRRioNcii of o and
effective rate of delivery of the particles being

[6026]ct ed %9 chBadmbedificng, theiataliaftn i€0 k)%ﬁ%é‘bgstge pulmonary
achieved before the onset of said side effect

dpigs delivrységvice iade giasscinediinraerbdynanaict tiarmsterof dfom 1 to 5
midshgi ty, and so that the maxi numtotal opioid plasnma
concentration does not reach toxic |evels, whereby the

[0027t of $miancthde @hbedimeran the HSAfISor h§ Bﬁgbﬁé’éd by the
to term nate |nhaI ation to avoid toxi city.

PUIRRONARY Flgerielivary davisienal & mass meﬂlwpea@@dybgnmmdlameter of

f delivery device at a mass nedi um
frggirgwyga%cgérﬁganeter of from1l to 5 mcrons. [0027] In

[Qimﬂher eirboanothet erhlh@dlfmmtrultlaélmmlﬁatwnsﬁé?nélgﬁeﬁyed by the

h elivery device at a nass nedi um
pfggf B’:%)?&%V&e 2 éﬁf@stsorr@dlﬁrerwgdyp@maplameter of

frémot Bep s nt, the fornulation is dispensed by
rt he gulbrmnar)g/hg‘reug delivery device at a mass medi um

[08928pdynanfo etharemodiment ofmtie nventidnnis chensetidORBkrein the
o ePAfn AR S Sl ik 5 et Sahog o ainum ot
crokephee Sdind f AU Y o RIBLLFhO N e oo o
8Q% i tegmaxdmum total opioid plasma concentration.

[0030] An other embodiment of the invention is the method wherein the at
least one rapid-onset opioid is chosen from fentanyl, alfentanil, sufentanil and
remifentanil.

[0031] An other embodiment of the invention is the method further
comprising an effective amount of at least one sustained-effect opioid to provide
sustained relief, wherein the concentration and type of each opioid in the
formulation is selected so that, during inhalation, analgesia is achieved before
the onset of said side effect, and the onset of said side effect occurs before the
onset of toxicity, and so that the maximum total opioid plasma concentration
does not reach toxic levels, whereby the onset of said side effect can be used by
the patient to terminate inhalation to avoid toxicity.

[0032] An other embodiment is the method wherein the at least one
sustained-effect opioid is chosen from morphine, morphine-6-glucuronide,
methadone, hydromorphone, meperidine, an opioid encapsulated in a
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80% of the maxi mum total opioid plasma concentration.
[0030] An other embodinent of the invention is the
wortdswd2asherein the at | east one rapi d-onset OPCDICA2008/001578
chosen fromfentanyl, alfentantl, sufentanil and
remfentanil. [0031] An ot her enbodi ment of the

bidboeipdtDie 'cérﬁé"r%ﬁ?&l@@?f réfetaggrofctﬂggirhg gh rhrna% surface, and a

effecti ve anount east one s
“I@@‘#Qfﬂ@”)t engapsulated opinidi ned relief, wherein the

B ot Ao S0 B dee phﬁa‘tﬁﬂ@”wﬁmnm thsh, liposomally
eacaxbslﬂaﬂea Jﬂo@qglnﬁygﬂngw @ﬁ@éjgwu?aégazﬁtaﬂ?l sai d side

ef fect, t he onset of sal occurs

[0 e t hé\n@ﬂﬁt egibodémenrt tis , thanthetbod hahetdie thexatigast one
reach toxic

N e T e R

fen&aanby the patient to term nate inhalation to avoid
C|ty 6590032] An ot her enbodinent is the nmethod
e| n t ABoHer| embpdinentsissthe maethetlf edveraipi thied opimids in the

@ﬁnqg)o ﬁg{fgﬂ%ﬁg rﬁgw’ﬁigéﬁ’?cﬂﬁﬂ Cgéﬁ?\éﬁ,ﬁgﬁq\}pg fentanyl.

[08363psul aAedthem amlosdineat | | etrear ricthod hwhetil&haytﬁe ratio  of
surface, and

Ie ofthe ru t thelun
Cé’?ecﬁé‘ g f@r?c%ﬁ%%lyiﬁ%ap%iﬁraa epm&glatﬂdden@nyl is from 1:5 to
o-@arbodi ment is the nethod wherein the |iposomally
encapsul ated opioid is |iposomally encapsul at ed
[008¢] any! . Apotb@.n] eAmhmdiment nisodiheeninetisod hh@esiRodhe ratio of

d
cotRE0EkTob & 56, aRBRY Bposb ol pRcnpswitas @mianbis about 2:3
[00a8L.any! . AbGiEP] eBatiiiiniCRO AL TRRLLS WhB(STRL B¢ total_opioid

wherein the opioids in the for i'on ConaT st
conegnlalien imgom @ﬁﬁtﬂﬁ@@mﬁabsul ated fentanyl. [0036]

10838 0% - ERGRET Sinpblimdl, 3, 1h& aMeiods ovaTeyn the fomulation
copmuriEas.fred Mtéwﬂir@a}donbéntfré%ﬂ & fof1 64 fo 7?1(5 H@Zi Lo

her enbodinent is the nethod wherein t
[06‘6 entra%n@hebfemb@dlmemt iythet aneihpds avierein the formulatlon

oS ArRlsial e Rbenle dAEMenK e cetantafivaiad from 250 to
1500 mecg/ml.

[0041] Another embodiment is the method wherein the total opioid
concentration is about 500 meg/ml, the free fentanyl concentration is about 200
mcg/ml and the liposomally encapsulated fentanyl concentration is about 300
mcg/ml.

[0042] Another embodiment is the method wherein from 4 to 50 mcg/min.
of free fentanyl is deposited in the lungs during inhalation.

[0043] Another embodiment is the method wherein from 10 to 20
mcg/min. of free fentanyl is deposited in the lungs during inhalation.

[0044] Another embodiment is the method wherein about 15 mcg/min. of
free fentanyl is deposited in the lungs during inhalation.
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concentration is from 250 to 1500 ncg/m . [0039]
Anot her enbodi nent is the nethod wherein the

woaoomszdsh on conprises free fentanyl in a concedricaRommols’s

of from 100 to 750 ntg/ M. [0940] Anot her enbodi nment
is the rrethod wherein the fornul ati on conprises

I044E o o °aps“%$é§ydqmieﬁf 38 1oy rEREEiobER to 150
ndg/five ol sméagslmaté@tféhtaﬂ?l R degesienin tHd RIhgs during

I s about 500 ntg/m, the free fentanyl concentration
inkalati@ut 200 ncg/m and the |iposonal |y encapsul at ed

OGR! o BRI b Gplehe 280 the *fealisd Fhercitly i ofp 0 90
nidginin.nof dodonesllyf endgpsylated fdrpogl isedepaositdukin theglings during

during inhalation. [0043] Another enbodinent is the
inRalaén. wherein from 10 to 20 ncg/ min. of free fentanyl

eposi t Lot dyri t 0

8 er ot oo 18 188 [RERA WiBrein O 15 1o 60

nmgjhﬂrn.nof lijodoreallyf encapsylated fdetanygl isedepositenkin thegkings during

,duri ng i nhal ati on.[0045] Anot her enbodi nent is the

W@lﬂfdﬁ“v\herei n from5 to 150 ncg/nin. of |iposomally
psul apﬁ{%g Bodi n@'ei%osthée%étﬁ‘o& h\ﬁ/hbk&]ﬁsfréHf 199 to 45
Iatlon Anot er enbodi ment 1s the neth

mttg;!nmn noft hpnaomaltyoemnpmldﬂtad fentaiyl ispdepositddyin the Iungs during

eqﬂia]ipsul ated fentanyl is deposited in the |lungs during

IHAYQY i on. [ 0047] Another enbodiment is the method

[G0&gE! N T iaBtASr tm@@dumﬁmsn th&f ndthRe§ OfMblein from 5 to 200
encapsul ated fentanyl deposited in the lungs during

nn¢gvfmnatofdntal pp®idis ohemsuiéd i s linge wiuring inhalafenhod

p'sﬂ| Q{Aeri&'%%m%m Sdﬁe‘?{g“l%gp?f Hle”ﬁgf O@Pﬁgsfrgm.% to 40
m@m'@t‘”w‘a' bgm]s desisited iig woRinge *furing ihhalatieh hod

wherein from5 to 200 ntg/ nmin. of total RIOIdIS

[0@HHsi t ed Anetiagre @rnhg@nm. i8g thehenedhednw

mcg/min. of total opioid is deposited in the lungs during inhalation.

erein from 30 to 35

[0052] Another embodiment is the method wherein the formulation
comprises two or more different opioids, excluding a formulation wherein the
only two opioids are free fentanyl and liposomally encapsulated fentanyl.

[0053] Another embodiment is the method wherein the administration
takes place over between 50 and 500 inhalations.

[0054] Another embodiment is the method wherein the opioids in the
formulation consist of alfentanil and morphine.

[0055] Another embodiment is the method wherein the formulation
contains alfentanil in a concentration of from 300 to 6700 mcg/ml.

[0056] Another embodiment is the method wherein from 100 to 500
mcg/min of alfentanil is deposited in the lungs during inhalation.

[0057] Another embodiment is the method wherein about 250 mcg/min of
alfentanil is deposited in the lungs during inhalation.

[0058] Another embodiment is the method wherein the formulation
contains morphine in a concentration of from 650 to 13350 mcg/ml.
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[ 0050] Anot her enbodi nment is the nethod wherein from

10 to 40 ncg/mn. of total opioid is deposited in the
wouogaszies i ng i nhal ati on. [0051] Anot her enbodPOEMA2008/001578

the method wherein from30 tg 35 ncg/mn. of total

opioid is deposited in the |lungs during inhalation.

0052] Anot her enbodi pent |s the nethod, wherejn
| at i BROHSFpPMBedinG 5 thayreetiop: WhErRNo o 550 to 2000

n&p%pﬂééf;m?@»rﬁﬁé M%ﬁdg‘?ﬁ@d"?ﬁ?ﬁ& g%flgﬁfg@ iMh I‘éﬂoﬁp' oi ds

nt anyl I posonma psul ated
[dos0]any| . Ah6DES] erhbotimeenteisbtite mpathoids whiesinetromd 200 to 1000

wherein the adm nistr |on t akes ace .over ..bet ween 50
RREELD PRI cHose8n 11 Gt ERBHRRIRE. 1's "t ne
fjod whghsinartdisoshRindiSs the idthd® Wiekéihi abbut O8I Mikg/min of
Ifent ani | and norphine. [0055] Another enbodi nent

mosplmhe isrdepositashiertbe dungsdiiingrinhalation. cont ai ns

nt feml 668&] 3 SomE rotf éﬁ% dBY?F@{ﬂnf fso{ﬁ%gg%éﬁh% g?c?e effect of an

BloRS B oy ei/éﬁm%’lggotd)to&m ymcg/ min of alfentanil is
dep03|ted in the lungs during inhalation. [005

7]
[0Q63]her eAbethar@spertot the ingnion weemlémr@bbdfugzgehvery device

oD o3BT BRI el ] B8Rl pPrn

wher ei n t heohdinet @dntarmnfg)aﬁ@nmnﬂam abld@ecnlmediabove
concentration of from650 to 13350 ntg/ m . [0059]

Anot her enbodi nent i s the nethod wherein from 100 to

2000 ntg/ anPudet aenRiad de the,Corigigri ed in the | ungs
during inhal ati on. [0060] Another enbodinent is the

met hod Whefeim Eéﬁmﬁa% frie é@ﬂ&lﬁ&g{dn cﬂlsﬁénéﬁ%%rﬂ@lebsof said

deposited i n the gs during i1 nhalation
foxnutlatéon dndiagh s@idtoutet ahd nntettheduwﬁeﬂ‘@mgfabgmatlst)@y conscious

ofgh allod et Bbas] SIRiBHCRTS aprebl blnd iiatbhy aflaigesi i

abhigvEa Hetbreaitdl BRsétf beah dpioiansi@dicticdt,i and ey Onkbnof said side
opioid toxicity. [0063] Another aspect of the

effectepequss before thel onseirf taxigidy.cand serthatithg maximum total opIOId

OB RGOS ST, AMANEIRG oo onset of st

silendfedotican ba dsyoby B patiers t6 esntiniiednhdlatien to avoid toxicity.

[0064]Another aspect of the invention is a pulmonary drug delivery device
containing an opioid formulation for producing analgesia in a patient, said device
comprising:

a container containing a formulation comprising an effective
amount of at least one rapid-onset opioid and a pharmaceutically acceptable

carrier;
an outlet coupled to the container;

means coupled to the container for dispensing particles of said
formulation through said outlet and into the lungs, said means requiring

conscious patient effort to be actuated,
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an outlet coupled to the container; neans coupled to

the container for dispensing particles of said
woaoomoszdsh on t hrough said outlet and into the PAM@A2004/001578

t hrough actuati on by conscieus-patient effort and at

an effective rate vvhereby, during inhal ation,

anal gesi a |s ach ev t he et n EOI
S ae et oulnergalrB SondiiEtEn' dd T ot YadhopRIL e effective
rdefdrdelives engrt paticleexdrei defectéd Gostat, atringhiehalionuanalgesia
total opioid plasnma concentration does not reac

€§al§ aqx]c?e effect

i achieved bateranbe opget kbsaid side effealapnd dhaonset @
gvm ot thtehgn%c%g%lc&@o & 48 ﬂ%ﬁefhé% m%hﬁh'n?fbtép IOId | plasma

OXI Cl'ty er aspec t he |nve
coﬁc@twjidmod\@ésl not r@oﬂmeﬂob(}oeleyeldewmemptheaonsetgofasmd S|de effect

opioid formulation for produci anal in
cghtieered Ruihe BRiAN O terimipetingalation &R axpdpxicil.
containing a fornul ati on conprising an effective

@t?}églj”t of ﬁ‘\toﬂl\&aér‘i'\beaﬁnérﬁﬁé Gh& RQlceomi P céﬁﬁ)r%mg dellvery rate

rmceutl cal™ acceptable carrier; an outlet couple
controlheg agoeans fer llmrtE@n’élecmh@Iaéthloh tthe f@tmu@‘nnerISbeﬁspensed to

spens r &S of said formulation through said
bGlﬂ"Y @1592%739‘5%"835 d-1 ungs, said nmeans requiring
Ci ous Mthemnémeblmhénitie the dviceaivRgicMiengioutibheomprises a
concentration and type of each opioid and effective

fermséra@bndwhioherrwsbqu realedr by dhedipsr ef e datiept &y order for the

t hat i 0 ion, analgesia is achieved before
f?rﬁyl%ﬁl%ré %%désg%t% §%jde effect, and the onset of said

[606 ef f epnodssuemboaiment ishhe ataide whetainitbetdispersing means
so that the nmaxi mumtotal opioid plasm concentration

iglowatihactuadedh t oxic Ievel s, whereby the onset of said

(5088, 1 i, BRI % BRI R o0 Bl nave o

nedsofiediemt aesodymmie\mameifemof frem tdmﬁrmmrmrgﬁ delivery
rate controllijn ans for mtln& rate, at

[00R9) or W|Ad}qt%rg em dgp@ﬂ’fsgd he, dey erein etg@eaartlclces have a
mﬁs‘f@?ﬁl% g%@&ﬁﬂanﬁ@%ﬁﬁéte‘%’?ﬁ@?ﬁﬁ% 3ifickdyes. devi ce

out’l et conprises a estration which nust
[0@70eal ed Anothéie etibaslinént isetheadedoe wiereirdeaid particles have a
rrfle(l)srsnrlﬁealtdrr? réetrc?dybneam|csofoameter of from 1.5 to 2 microns.
[0071] Another embodiment is the device wherein the concentration and
type of each opioid is selected so that the maximum total opioid plasma
concentration at the onset of side effect is no less than 66% of the maximum
total opioid plasma concentration.
[0072] Another embodiment is the device wherein the concentration and
type of each opioid is selected so that the maximum total opioid plasma
concentration at the onset of side effect is no less than 80% of the maximum
total opioid plasma concentration.
[0073] Another embodiment is the device wherein the at least one rapid-
onset opioid is chosen from fentanyl, alfentanil, sufentanil and remifentanil.
[0074] Another embodiment is the device further comprising an effective
amount of at least one sustained-effect opioid to provide sustained relief,

wherein the concentration and type of each opioid in the formulation is selected
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[ 0067] Anot her enbodi nment is the device wherein the

di spensing neans is breath actuated. [0068] Another
wendsrent i s the device wherein the particl eBChaae00/001578

mass medi um aer odynam ¢ di anefqer of from1l to 5

m crons [ 0069] Anot her enbodinent is the device

wh the particles have a mass nmed|

S9i t yring inhajgtiqn,; an Q%I%r%rﬁ:@hl?WBF{n (o) 3] (;[1 ec}/nset oﬁ‘ said side
HHERe A He bﬁséthﬁ SaMisde %‘S&tebébuﬁﬁ Wi RN lth'e%ﬁs?et Qﬁ‘f@x@lty, and

mass nedi um aer odynami ¢ di aneter of from 1
soi thadribe mmmmalheploMmmoncentrammeiqeeenot reach toxic

reint oncentrat.i on,and type,of each pQid,s ..
T chighely TR TRk Hr e e (et Fart PR PRty e patient to
téﬁ’ﬁlﬁﬁfé inhkiRibnYb é\kbﬁtl OXERY, of side effect IS no | ess

han 66% of the maxi numtotal opioid plasma

[eeﬁ@]e nt r atArethel cambpdimest hisr therbdeliee nwherein hthed @i lpast one

PR HBE AR5 KOSy B2 g s hcwroice

ragthedohe a2t hpdrodtorphenenselepefidiviede a@f f@pubud Sehcapstsdted in a
than 80% of the naxi mum t ot al opi oid pla

hierrrapatitie icairien hat sielaxsorirasecrhibie Abist aﬁ Ehet IWagdeitace, and a
I%g6ﬁ9ﬂ%%gsa?§UIhfé?JE‘?ﬁ'8{ae rapi donset opioid is chosen

anil, sufentanil and

[06T6T ent arAmoth{eOOé’mbodmnmitens etheoddeviod wherbdia dhei diposomally
further comg g r] an e fective am)ufnt of at | east one
en¢apsaulptaf apicitis gmng 'Y gneapsulatedsigaiavhed relief,

[pﬂgff'o:‘nhpgrt\&tHBF %bg?h%‘?\t apd tl"i p&e\ﬂée CRRBrR! 9190' diNleast one

lon is selectedso t during 1 nhalation
sastdiged-effeck opioid év edosaf dnom Mpbnmeandfllp@aomaﬂyc&ncapsulated
effecL and the onset of said side effect occurs
fBR®IYe t he onset of toxicity, and so that the maximm

[097 opi %rﬁ’otﬁbﬁséfﬁbéd}ﬁféﬁﬂtlfsaiHeorde‘}%S whereihe &t dp%ﬁd§ in the
 evel s, whereby the onset of said side effect can

fogedation chosishol kee ferdany randimoe:omﬂilaleaitqaoﬁutaiecamwlyl

BAEOE] 17 redfet . eRfafiheSl OBy (Rl devicks %@%}r}j the ratio of

conesrNaliérP Bf freeFBhizeyl I@Iiﬂﬁyoﬁ%tll‘? &id&ﬁsumﬂe@@entanyl is from 1:5 to
met hadone, hydronor phone, neperidine, an opioid

Zhcapsul ated in a bioconpatible carrier that del ays

[668675¢ OTaddiRef" WhiuihBAt | K9tR\" (BGEe APein the ratio of

concentration of free fentanyl to liposomally encapsulated fentanyl is about 2:3.
[0081] Another embodiment is the device wherein the total opioid
concentration is from 250 to 1500 mcg/ml.

[0082] Another embodiment is the device wherein the formulation
comprises free fentanyl in a concentration of from 100 to 750 mcg/ml.

[0083] Another embodiment is the device wherein the formulation
comprises liposomally encapsulated fentanyl in a concentration of from 250 to
1500 mcg/mil.

[0084] Another embodiment is the device wherein the total opioid
concentration is about 500 mcg/ml, the free fentanyl concentration is about 200
mcg/ml and the liposomally encapsulated fentanyl concentration is about 300
mcg/ml.
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| i posomal | y encapsul ated opioid. [0076] Another
enbodi nent is the device wherein the |iposonmally

wenespsedeat ed opioid is |iposomally encapsul at edT/CA2004/001578

fentanyl. [0077] Another emhgdi.ment is the device
wherein the at | east one sustained-effect opioidis

(A R R ywﬁg?ﬁﬁ%ﬁfﬁ% 50 mog/min.

sist of free
O e e e G UG a6 ) °Loo76)

[0088]her eﬁw@@’lereembo@mm isithe devumaervrmralrt fnemr H3 ta20fmeg/min.

o B8 SOURY LS UeBoebd i & hAGH putiBo PSSR ooy
[doBR]her empreidreambbainidit |§€tMéQ$b\M$@KAﬁHe'ﬂeﬁ1h§oc5Lﬁt153nﬂfg/mln of
concentratl on of free fentan to |iposomally

freadapianybis steposied iy the lgngs urmg ihalati@B1] Anot her

SR e 5y S b (3515150 o,

oflipddunalyndastipsealdted %ﬁthﬁyld@ﬁépesmm&h@ ltiM@s during inhalation.
formul atign conprises free fentanyl in a concentration

[QR89]r om 16Motherepbedigent is tf@o@%\pcw\mﬂﬁ@m feemoth 9@ meg/min.
I‘ ﬁpééb‘?n&iﬁ/"é ‘é’ﬁ%ﬁ@ %ﬁ;{lﬁé’ Hgﬁé?ﬁéoof?\ tﬁ@rﬂ?ﬁ%ssgﬁrlnq inhalation.

I'posomal’l capsu at ed fent in a conc
[0ﬁ90‘]r om ZMOthBrle.Bﬁbodm'@’rTMIS tf[eO@@Aﬂ:e Wrmrhmrfr@nbtﬁjtdmlmcg/mm.

wh th t ot tration
of BrospinaiSierisansyfaied Fara i eBpanteshin the dMaentigig Balation

| [0091 bOUt APSHE BribodiRfnk 'ibe Hé @&ﬁg%’%ﬂ&?ﬁrﬁ?ﬁ?&?} 8 meg/min.

anyl concentration is out
oNrpnswmalbmrmaplsafated terttarwldssdepeslmmmethe lamgsddringinbalation.

h
GRRING RGPl G BResY safhs FERC Wb ReFRITI & 00 mog/min
free fentanyl
Pt e MG AN [PHRISt o”°T 005 7

[0093her eAbotharsimbediment isging deviow seireindnent101® 40 mcg/min.
oP’t%%l'BéF big 44 AbbSEId AR IndSadIFRPRERG the | ungs

durin
[0094] Another embodiment is the device wherein from 30 to 35 mcg/min.

of total opioid is deposited in the lungs during inhalation.

[0095] Another embodiment is the device wherein the formulation
comprises two or more different opioids, excluding a formulation wherein the
only two opioids are free fentanyl and liposomally encapsulated fentanyl.

[0096] Another embodiment is the device wherein the opioids in the
formulation consist of alfentanil and morphine.

[0097] Another embodiment is the device wherein the formulation contains
alfentanil in a concentration of from 300 to 6700 mcg/ml.

[0098] Another embodiment is the device wherein from 100 to 500
mcg/min of alfentanil is deposited in the lungs during inhalation.

[0099]Another embodiment is the device wherein about 250 mcg/min of
alfentanil is deposited in the lungs during inhalation.

[0100] Another embodiment is the device wherein the formulation contains
morphine in a concentration of from 650 to 13350 mcg/ml.



[ 0088] Anot her enbodi nment is the device wherein fromb5

to 150 ncg/ mn. of liposomally encapsul ated fentanyl
woodagmsdt ed i n the |ungs during inhal ation. PpOD&AR004/001578

Anot her enbodi ment is the dewvBee wherein from10 to 90

ncg/ mn. of |iposomally encapsul ated fentanyl is

Sit ed,i e k Lnkhal.at i .
G5 er cAbBHTdleatREPRY Idng cogce fRereid iih 100 1o 2000
magghm oF. m@prih@@@@&béit\edeﬁ @l@@mﬁg@tc&ﬁin‘genhalaﬁbni S
deposited in the lungs during inhalation. [0091]

(ORI . - GOS0 SEIRRRIPSBin sy ies devee rehiaiy Trod 200 1000

. .. : . . 2
%ﬁo? 'ﬁieéﬁgprtp;hdb%gﬁn{jgﬁg&%eﬁghé%’dc@%ﬂw@rdgz ﬂh?rbgrgnﬁ'S] to 200
ncg/ mn. of total opioid is deposited in the Iungs )

5 [0103]ng i nAabteroembpoinesit igvioe devicenberain ebous 5%ﬁemcg/m|n of
devj ce .wherei. rom10 to 40 nptq/ m.n. of total opioid
miaoheds cebgsTer e tngatthd ilieifin ot o [ 0064]

Anot her enbodi nent is the device wherein from 30 to 35

[0 N, AhotisrabmBpUiphéhti is tHesiide tHoneinhitiel means dispenses
duri'ng inhal ati on. [0095] Another enbodiment is the
batweareO@tei@il i phiherformuladion Aer édiaalides two or nore

different opioids, excluding a fornulati on wherein the

t I~ f i . . . .
I8 < 7 o PloRet” p8bEer bf g cvaion, 38 Gl G Binistration
10 cohmridieng: ce wherein the opioids in the formulation

consi st of alfentanil and norphine. [0097] Anot her

enbodi nent is the device wherein the .formulati.on .
cont ai ns al fenwlmqnﬁ%d%%éW?%g?Wﬁegﬁ ersgﬂsgg@bpge, and
6700 ncg/ M. [0098] Another enbodi nent is the device

wherei n from 1Q4sthtioR8 fBE Usid safd akliest esnprising the steps of
deposited in the lungs during 1nhalation.

cpotragjushoinhalingibediorantation usireg gaid devighand ftoppia inhalation

e SRR e oC R 8ol PRRP e i DL e B

devi ce wherein the formul ation contains norphine in a

15  [6T0Blent r aineth@f atpech 65Qhé oink&3Hich ris gam ogi6itio Afministration kit
Anot her enbodi nent is the device wherein from 100 to
COOMISHISY/ mi n of norphine is deposited in the |ungs
during inhal ation. [0102] Another enbodinent is the

devi ce wherei n A fomuffont @m®ing an effective amount of at least one
rapid-onset opioid and a pharmaceutically acceptable carrier;

a pulmonary drug delivery device comprising a container, an

20 outlet coupled to the container, means coupled to the container for dispensing
particles of formulation contained therein through said outlet and into the lungs
through actuation by conscious patient effort and at an effective rate whereby,
during inhalation, analgesia is achieved before the onset of an opioid side effect,

and the onset of said side effect occurs before the onset of toxicity, and so that

25 the maximum total opioid plasma concentration does not reach toxic levels, and
whereby the onset of said side effect can be used by the patient to terminate

inhalation to avoid toxicity; and
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ncg/ mn of norphine is deposited in the |lungs during

i nhal ation. [0103] Another enbodinent is the device
wohersagmseabout 500 ncg/ m n of norphine i s depoBCT&EA2003/001578

the lungs during inhalation.0104] Another enbodi nment

is the device wherein the neans di spenses between 0.2%

to 1% of the fornul ation per inhal atian.

0105].
Anot her aspect INSETUCHENS o nBINSh SR HRAVIER ‘£ﬁ prlilng the steps of
f@ﬂg t‘ﬂ'e%érﬁ&fn%? WlitH tIﬁé"forh%léﬂQn @orﬁ’tmdgg%@r }hrﬁi‘hHgtthe formulation

i ver evi ce as descri above; i nstruttions
ubiog lsaldngwajed dedi steppomgprinisalation hehen egatisfactory analgesia is
conti nuou |nh i.ng .t he _formulati on using said
aghigve Oéﬁg f{q r?éaiﬂﬂ%tleg?P{)n when satisfactory
anal gesia is achleved or at the onset of a side

[¢fdAct - [Q\%@ﬁ']erpé}ﬂbbﬁfmé}ﬂﬁﬁCtheoéplbﬂeadmvrﬁéﬁatﬂih kit vitibrein said
opl oid admnistration kit conprisin a fornul ation

faronpatiar egmpisest and i efteciiveuamount &f atelpast e sustained-effect
rgﬁld onset opioid and a pharmaceutically acceptable

ier; a pulnonary drug delivery device conprising a
container an outlet coupled to the container, neans

orog] ed t (Anbﬂ&arcayrbb@t oethd iaventicrpignai Oglouﬁfdmmilatbmﬁor use in a
formul ati on contajned therein through said outlet and

methed ohBrovitigg anRlgssihioe Palienb RORPriSKk ci ous pati ent

effort and at an effective rate whereby, during

i nhal ation, angk Q§I2%0I,ﬁCWIcﬁ\f% fgﬁfé}[ t_he onset of

an opioid side @ fect he onset of 'said side

ef fect occurs before the onset of toxicity, and so

that the maxi m2eDttowf0 mpg/@nlcofmpasmaﬂy)aneapsldaﬁedrfentanyl and
does not reach toxic |levels, and whereby the onset of

s e RS A R

andi nstructions for using said device conprising the

[6te9)s of fArothdrdaspeet obtHesinkention Ishart bploicbfdmimﬂm,or use in a
conti nuously jinhaling the fornulation usj ng
MRinPd eOf @ﬁ@vlgmgpgnﬁ@qsrﬁ]épaa. BAtioMe NredeN s aevlmcgnary route of

.ed or at the onset of a side
aﬂﬁﬁhgﬁﬁﬂ %Pim'%!n@qher enbodi nent is the opioid
adm ni stratlon kit wherein said fornulation conprises
and ef fective amouot oforat diffesent opoids;steacludihgfa efarmulation

wherein the only two opioids are fentany! and liposomally encapsulated fentany;
a pharmaceutically acceptable carrier.

[0110] In accordance with further aspects of the invention, there is
provided a use of the present formulation in providing analgesia to a patient and

in the manufacture of a medicament for doing same.

[0111] Useful drug formulations and parameters for administration
according to the present invention can be determined by the person skilled in the
art based on known pharmacological data as well as through pharmacokinetic
and pharmacodynamic modeling as herein described. Such modeling is
intended to ensure that analgesic effect is achieved before the onset of a side

effect, and that the onset of the side effect occurs well in advance of toxicity, and
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opi oi d. [0108] Another aspect of the invention is an
opioid fornmulation for use in a nethod of providing

wanelsypssica to a patient, conprising: 150 to 250CTER2004/001578
of free fentanyl; 200 to 40Qqgtg/m of |iposomally
encapsul ated fentanyl; and a pharnmaceutical®

acceptabl e carrjer 010 ot her aspect, of the .
1§ oSS Bt PECaS Bﬁaéfat SePsiNAG e dprrauation, Bére mibgot be a
ceﬁﬁlrﬂiéﬁ’ Figlh Wtoi‘é‘l%gﬂ&ﬁ'c%nb@nﬁat@@ﬁ irethk JIA&MAHIS téxic levels.

pul monary route adm ni stration, conprising: two or
nor e di ffer Ie:’nt opi oi ds, eXC|LIIdI ng a formnul ation

» f ent anyl and

. somall encapsul at ed fentanyl ; a pharmaceutical
[% pt abl E1@Her & a fpyidiggram Wiiich eRieSants 4 ROMPUaTesimulation

nﬁ&é?%lsség tbpe invention, there is provided a use of

e esen ormul ation in provi di ng anal gesia to a

patient and in the manufacture of a nedi canent for

[0b13]g sanFigurel i a fleef dingchmgvtich mepresenissa aathputer simulation

nﬁ)qdﬁilrﬁter for &dm nistration according to the present
HRIRNLECRIEBEIPRI ned by t he person skilled in

the art based on known pharnmacol ogi cal data as well as

[6Tr4ugh p'F?Lﬁ%C@@ Agblcdiagrhrh VioR ¢ashesanisCa BBARUtEIsimulation

as Herein described. Such nodeling is intended to

meotalfer aminhadatiangdayies.ef fect is achi eved before the
onset of a side effect, and that the onset of the side

ct oc | i . .
(S8, CoT0TR1E1 AR ER ik $hBebie BflPutr simuator
nﬁcﬁde"hfbﬂ&h@rphatrhﬁbekmehd: profilire of opivid iatuedminisiered to a patient

total opioid concentration in the plasma to toxic

threygha ptﬂim%ﬁfb@ttﬁi PTI ON OF THE DRAW NGS [ 0112]
Figure 1 is a flow diagram which represents a conputer

[(?"TOBV?I' ati orFqg’r\‘%ﬁl 5A0ENG SRt then kéHekAdr, Fél%“éeﬂ?\g' gia@ram which.

di agra ich represents a conputer sinu
remeeenfsotha/&ella'aVIocgmpetaresmwmlor{ of 1hg Mnag'ma@oklneilca of the

@Isprpﬁgrrl a# \éﬂﬁlggg[ %@Fpel :Cﬁgéjarecggp ghows Sthgu b%blcgnModel and

Pharmacokinetic Model aspects of the simulation, Figure 5B shows the

Ventilatory Depression Model and the Sedation Model aspects of the simulation.

[0117] Figure 6 is a graph showing output of the StellaTM computer
simulation of Figures 5A and 5B (ventilatory depression and sedation models
disabled) expressed as a time course of quantity of opioid in the inhalation

device and in the lung of the patient.

[0118] Figure 7 is a graph showing the time course of ventilatory
depression in the StellaTM computer simulation of Figures 5A and 5B
(ventilatory depression and sedation models disabled).

[0119] Figure 8 is a graph showing the time course of quantity of opioid in
the inhalation device and in the lung of the patient, in the StellaTM computer
simulation of Figures 5A and 5B (ventilatory depression model enabled, sedation
model disabled).
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[0115] Figure 4 is a flow diagram which represents a

conputer sinulation nodel for the pharmacokinetic
wonodsios2asg of opi oid as admini stered to a pati ar/CA2004/001578

through a pul nonary route. [[0$16] Figures 5A and 5B,

taken together, are a flow di agram whi ch represents

[0St el | Fiddreowpus ea giaph ahowing@fthihéime course of ventilatory
pharmacoki netics of _the admi nistration of a_single
depresisipn Angine Steledhs computssy sraulpiige| ohnfiigures 5A and 5B

(e RBARE AREREr RET ARG Se bR AN 1

t he Sedation Mddel aspects of the simulation. [0117]

[F121]r e 6 FguregtGisha graph showingtite timetdosirse eff iquaktity of opioid
01 Bvelasionasterise ac Binadues of dre Bafedh it StefgRibomputer
ol AR S0 (AR dep ol g e mosel

enabkedyr aph showi ng the tinme course of ventilatory
depression in the StellaTM conputer sinmul ati on of

B BAMTP [SLMhHoTBY, 558 e ROuRECRY, Moy

debeedsidre inOte eSteflaUNRddniputef ipiuftidn Bft heigures 5A and 5B
i nhal ation device and in the lung of the patient, in

(vertilapay depmeseionpndsedatian models sabisdur es 5A and 5B
(ventilatory depression nodel enabl ed, sedation nodel

{ bl ed) d; 0]4Fi:gure | SHi p | ti
[QJ!)%:?]se of %i I1a o'rgy adef%w es%'?géﬂrﬁnwrﬁgewgegg?%% 8/ Computer
simofatibr medehibathecadninistiajiones tWwé opicld&B (venti |l atory
depressi on nodel enabl ed, sedation nodel disabl ed).

1] Figure 10, raph | ng the tinme cour of ,.
28Ty SHOGBRo1 3R AoBLERT Rkt alien BESA 418 4 v eliagram
WHIE r&brebBRisPie StHllaTM chitfputdresihllMdi BP Wi bharmacokinetics of
simul ation of Figures 5A and 5B (ventilatory
thie pdeinisivatiemaf weiapicits. nodel s enabl ed). [0122] Figure
11 is a graph showng the tinme course of ventilatory

SSi one: | Nt St el ek S t i:0 f
B8 cs SEls 88 B.E APl SRHbheS b oS aTM someuter
simdetion estabigaeds 1BA123B BhautIC kpressed hova dinkgicatrse of total
whi ch represents a conputer _ _ i
guantity of opioid in the inhalation device and in the lung of the patient

(ventilatory depression and sedation models enabled).

[0126] Figure 15 is a graph showing the time course of concentration of
each opioid and of total opioid at the effect site in the StellaTM computer
simulation of Figures 13A, 13B and 13C (ventilatory depression and sedation
models enabled).

[0127] Figure 16 is a graph showing the time course of ventilatory
depression during and after delivery of opioids in the StellaTM computer
simulation of Figures 13A, 13B and 13C (ventilatory depression and sedation

models enabled).

[0128] Figures 17A, 17B and 17C, taken together, are a flow diagram

which represents the StellaTM computer simulation of the pharmacokinetics of
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simul ati on nodel for the adm nistration of two

opi oids. [0124] Figures 13A, 13B and 13C, taken
woagsilezsy are a fl ow di agram whi ch represent SPCI&EA2004/001578

Stel l aTM conmput er sinul ati on46f. the pharnacoki netics

of the admi nistration of two opi oids. [0125] Figure 14

[ aph..sh th t put St I
165 A TREBAYGH OF g RS e AvReis e, it goldidh FRB LA hipistered are
a‘lfleﬁi%m‘il%'rﬁ@@n@fph‘irfé al Figurat H?D( é’ﬁd AR isfonttd ®evice Model and
I nhal ati on device and’in the lung of the_ patient

Rhasmecpkinetiy Megeleaspiests ahihes stratlation.nwbide Siguranl €@)shows the

Vi phobBHRsb LR SAHGRIAA bAThS TuBABIA pects o
thd einglilbtiet. site in the StellaTM conmputer simnulation of

Fi gures 13A, 13B and 13C (ventl | atory depression and

sedati on nmpdel s enabl ed) 0127% E 3ure 16 is ? gr agh .
[QF8% ng t AOYrends é%@rgr@paf the Jie fouFes §f GRnCentration of

a‘i’r\éhte{hﬂ o rfeef afl$!do Xﬁ@ie %ﬂeffsgﬂ%q%%ﬁébg §gee||r1| Y stellaTM

nput ér SI atron o
mmtteri sinurigticte pf Esglires 1509(;1 18 ahd oy Gro(leintiladorybdletpssion and

s%, 128 I gyres ]17 17B and 17C, taken together, are a
&t f’é{ﬁ’%’xﬁ’rﬁ blef)-r epresents the Stel | aTM conput er
simul ati on of the pharnmacokinetics ofthe

[69801 STT #ig %R 9D fgwy o@’a?h‘i&ho WG ¢hé EmbWeo@iieOlofl Sventilatory
bel ng adm nistered are alfentani| "and nor phi ne.

dapgeﬁse@ irv theu el stasaputee sipaviatien Mideipuegsd17A, 17B and 17C
Mbd | whi |
(SRABR? 6eP Bs e FHES AR RIRG lHhIEhe: on Moder

Sedati on Model, and Two Drug Mbdel aspects of the

[0131] at i OﬂFlgtlir@12@]|s Bi graph shdbwing madimuim sbavemgatidreof opioid in
time course of concentration of al fentani]l nor phi ne

the @lassib paatnsh gndidd d&tsetq@@cemfr@mn of PRIOIchin e RpENAfmatients

tio fire
Even{éli{rggorc{/ﬁégbre@ on a segé\\txﬂéor?%ggg%qsaéﬁgﬁtgd%q with - a
cotriBedtida gofr derdianyl andyripoosiatiyi egcapsulatede fetangle tbfough a
ntil atory depression {n the StellaTM con .
nifHanaR; SAUsT - FFiAies 20BAshows RRleRtC AJBRIEdoMth fentanyl
n%?é%fé?ﬁw%@/.‘ and sedation nodel s enabl ed).

[0132] Figure 21 is a graph showing time to side/toxic effect versus time to
end of dose for the side effects and toxic effects of patients administered a
combination of fentanyl and liposomally encapsulated fentanyl through a

pulmonary route.

[0133] Figure 22 is a table showing the statistical correlation of side effect
to toxic effect.

DETAILED DESCRIPTION OF THE INVENTION

[0134] In this application, the following terms have the following meanings:

[0135] “Analgesic effect” or “analgesia” means the relief from pain
resulting from the action of a drug.
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[0131] Figure 20 is a graph show ng maxi mum

concentration of opioid in the plasm agai nst end of
wdas®s/oszsgent rati on of opioid in the plasma of PoaARMUR01578

admi ni stered opioid. Figure 2@A shows patients

adm ni stered with a conbi nation of fentanyl and

[0186F0nBl |“Dr@@mseﬂwp&mlé’ aimbanyIthértrmhtratumlofuherqrug, over
route. Figure 20B shows patients admnistered w

tinggt anifie $1iR PheEud @liegt, qndeermineslipy the argoamga'a%ate of drug
a%{?ﬂg‘ls@re | {58t Opéh(%ﬂ/ e ﬁa?r‘ﬁ'éc?ﬂﬁﬁéﬂéﬁ Tfrélgﬁné chfe’édmhaled to
e e effects™o

ose tor the'si ects and toxic
goaterinatsoratnthei langs, gdasma amdi atdhe siie of diwmnetiegh and
| i posomal | y encapsul ated fentanyl through a pul nonary

OF4EF < | CarvbaRPAaIL Gric ool SETRIBIEAM ISP, and is defined i
1 plcaRERAL D dUEREIS %5& G Ecd UGB OKR4] than 90%

i s application, thefol owing terns have the
sa@unaqung rreanl ngs: [0135] "Anal gesic effect" or
"anal gesia" neans the relief frompain resulting from

[gffgﬂaa' on Etl%ttﬂ&ugje eesr§EoQ1]‘3 enarg[%g cfjeedréé@é in the rate, tidal

I at he drug, over

violurRe, aindfdre flsit eatef ofiralg iefof eed ,lungs. d@bﬁtlmtmddbprdsbbn may
armunt and rate of drug adnini stered tqQ the pati

RAY qaﬁeaqoﬁlazr&&sgk.slhef’fne%s 041 reaty o3 SIPWING [t "ot breathing.

% ‘%Cpof*dffgw Ol@g%%'%f?’l tl%ié'% gger? Iat{pb? d%bk{ssfgn caused

byptheiad:tladmfralnsdsmaﬂl airg sitendf disigdsffdched in this
appl i cation as a decrease in blood 0 2 concentration

[biﬁ#ﬁiil onOBHEAY" IR ¢hdlecreAtedn  Aetar gRetial awareness

f¥QhdIEhd KB Bf cOhMblisHeRs HaudbH by%yﬂoid%e ahblrlﬁénlfests in a lack of
Vent'i [ atory depression may manifest as di zzi ness,

ptysicahe stengthor @atiscle oifatigus) owiagly iaf rveluntary activity, lethargy,

FoFEnesEoad et SO bro Rt hahG] r g dlton spused by

tRé agfloRBf ahbpididat & diee ¢ffdrdg egfeef.f ect . [ 0139]
"Sedati on" neans a decrease in attention, nental

awar eness, . . _
[0140] "“Rapid onset’, when used to describe a drug formulation, means a
formulation which has an analgesic effect that rapidly follows the rise in plasma
opioid concentration. A “rapid onset opioid” is an opioid that has an analgesic

effect within 5 minutes of administration.

[0141] “Sustained effect” means a formulation which has an analgesic
effect that is sustained over several hours. A “sustained effect opioid” means an

opioid that has analgesic effect that lasts over 2 hours.

[0142] “Side effect” means an effect of an opioid that is not analgesic or
toxic. For example, severe ventilatory depression is an example of opioid
toxicity, while mild ventilatory depression and sedation are not considered signs
of opioid toxicity, but are side effects of the opioid.
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focus, and state of consci ousness caused by opi oi ds,

and manifests in a | ack of physical strength (nuscle
woatisgassey | ack of voluntary activity, |ethargpCT/CA2004/001578

dr owsi ness, and sl eep. "Opiaiy@-i nduced sedati on”

refers to sedation caused by the action of an opioid

lad) 7o' GeStte GBSty TElarsriaunabhcalan fBGtetical'Se of drug
at:%ﬂw.wn He phtic, 49@ Srefftd! B85 ide &Eaﬁ«rﬁarm%ﬂt dfaﬁé Bbdy, such

lows the rise in Ig asma opi oid concentration.
aSrfa@ lraimstee liygroion't e§p&eemmrout dahde adbearetical and unknown

e BGebh Bola e oo eRbltHeEq PR BBl Gt BRamete, i

khe@nathainepiorts exeftl ewir Ehalgdsic HesbAsNGH PUET | wﬁ@fv@fsﬁJbstantla
hours. A "sustajned effect opioid" neans. an opi oi d

gelptinoraofaihe gRisaL cerd «xa thinds a siesofoQpipich analge§lc effect. The
CIE)H& r‘?t%anoﬁ A gpl(ﬁﬂt "ﬁﬁ%n%ﬂgﬁt ef; Xeeﬁ%nﬁgf bggvdé?%ﬁhlﬂeah% direct

not anal gesrc or
mveaEUrémeot, yod émoaghi tbne use @i phxarnEokietiepand dharmacodynamic
toxicity, while mld ventilatory depression and

iBon are not considered signs of opi 0i d toxicity,
but are side effects of the opioid.[0143] "Site of

[efd4ct " T eERBStiVLamoYShedhs e EYrEB?IH?Qif'cFré# r@'teﬁ%ggg reach an

drug action wthin the patient. "Site of ef
abelgesicoeffeott nent of the body, such as the brain, the
liver, or the spleen, or it nay be a theoretical and

own | @ o) ased_on c Qn. and .
G e ok HREP MR 3o, e means, fag,perodynamic
didraéte® RirPiadsosdi educht tn%it rhzanof 988 icurfdhtiv nasd oP &It particles is
in the substantia gel ati nosa of the spinal cord, so

coRtaingd; in BRtielast vaibi smallandogdargerprdiametershand  wherein the

aggciﬁéfﬁ%léy %ﬂe@r i€ 8 fiheh 8k tﬁé‘ﬁl erﬁét%?to 'Jrﬁt ﬁ@(%& sphere having

rmne rec msasurems

thed samnergravmlom settl&@v@hﬁtymsﬂt@p@nﬂcre m@dglmmured
[ 0144] Effective armunt nmeans the anount of drug

edto han sic effect. [Q145] "nmmss .
[G4Blim acr RS G BRBLRR Of JURBH e per unit of
tiflcanmet er an aerosol such that half of the cunulative

mass of all particles is contained in particles with

smal l er (or larger) dianeters and wherein the
[QAddy nami Titratienetter effeciieimerns agdministéringetaer aioid until a

sgpéfgct%%p’Z‘mgf’éegpchgﬁgctng \felp By the patient, then ceasing administration of
the opioid.

[0148] “Titration to side effect” means administering an opioid until a side
effect is felt, then ceasing administration. The ceasing of administration may be
voluntary (for example, by instructing patients to cease administration of the
opioid when they start to feel drowsy, dizzy or short of breath) or involuntary (for
example, when patients are no longer able to breathe effective dosages of opioid
due to ventilatory depression or sedation).

[0149] The terms “toxic”, “toxicity”, “toxic effect” and “opioid toxicity” refer
to effects of opioids that place a patient at risk of death. For example, opioids
commonly produce modest amounts of ventilatory depression that pose little risk
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the sane gravitational settling velocity as the
particle being neasured. [0146] "breathing rate" neans
woOherswardser of breaths taken per unit of tine. PCOLAZ)04/001578
"Titration to effect” neans &di nisteri ng an opioid
until a satisfactory analgesic effect is felt by the
GE] if%m‘ent.t Thiz ieast ronsidated s @khmplwfoftdgﬂoidptoadciity. However,
[0148] "Titration to side effect” neans '

] admnisterin
sevetpvendaipty idepsession pepes dhe irisktal| hypoxise AO%Seaé Pagsclousness,

P TPHpPevst iR G et roBHBh st BlaBRIcTR o toxicty,
vitiesmild dentilasdny atepoessidn tsheotauinsicired arsigh ef opioit toxiaity.
feel drowsy, dizzy or short of breath) or involuntary

f wh tients. l ble to . . ,
(B9800 e or i ey Bus R 45 BRe Budbtert s fiministation o
GRAEESSITRR RlveRBEAtitfizes Mlégﬂoicfgesiaér@%é'té oS §élf-r?gulate the

“toxicity", "toxic effect” and "opioid toxicity" refer
amowitf efc opioid gbsinoiade padigntpthereby taikaringniheadose 4R aghieve the

deat bh. For. exanpl e I, Oi C I [ st

AR engloeS R Hen s e eto RO AL HE0 RS

risk- - to a patient. This is not considered an

[exatpl e of Thiuskdoft thd irivientiohidyeying ,witreties gatient's perception of
ventl | atory depression, poses the risk of hypoxia, |oss | |
Refin.cbhRle ailes My, maAalitipsaphtreating ,m%%pg)c&gﬁqei P%.mofwt opioids
46 HQS%hﬁﬁféj oﬁﬂegﬁﬁgﬂ?t' for thoQ&Ha9d o lsRXbrd E)éin."fﬁ'rle@ponse to the
mld ventilaory depression s not considered a sign
mbdenpite od stvatiecpain, eSOk pPeitienp oe slean patienttncarenpriogider open a
for use in patient self-adm.nistratjion of opjoids. The
AR Figh QIFoIPELE TR0oRIGlan.<06, llsTBainay o gh emliblon. The
I@E‘cﬁsreﬁﬂi@daﬁfoea EBSUI&%?UN of opioid given to a patient,

t t

ereby tailoring e dose to achieve the patient's

anal gesi c requirements, while avoiding toxicity and _
[6#52]h. [ 01B1g nFhulizesds dfien heoughidatthermouihi asdvis theld Here with

8 e eGP e it el dvilERfaps, s this prevents
tR@isBIfdPnifng mMdthafmin floRy wetkihg.eat ment for noderate to
severe paln. In response to the noderate or severe

ain, either the patient or the patient's care
[Bi 531 der JMYEh eagh @f@ﬂtheéhﬁi/i@f)ublefoﬁﬁ@@%ﬁﬁ A $nglhjamount of the
: r Y | ,
Ilﬁﬁ!qdju{aygﬁfhsag gge%liogf)galﬁgb%r%ﬁgglré‘aﬁésetmtfdrpﬂ‘re g&tfent's mouth and
into the trachea and lungs, where the aerosolized opioid is deposited.

[0154] Throughout this patent application, the nebulizer is also called an
inhaler or an aerosol pulmonary drug delivery device. An inhaler may refer to
either a nebulizer or a nebulizer combined with a source of compressed air or
oxygen, or any other aerosol generating device for the administration of drug by
way of the lungs. An aerosol pulmonary drug delivery device refers to any
device that allows the aerosolization of a substance for delivery into the lungs.

Various nebulizer technologies are known and available in the art.

[0155] The rate of onset of opioid drug effect is believed to be dictated by
the speed at which the opioid enters the lungs, the rate of absorption into the
systemic circulation and the rate at which the opioid crosses the blood brain
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[0152] The nebulizer is then brought to the nouth, and

is held there with the hand. The nebulizer is not
wabti@okedot o the face with straps, as this preremnica2da®mo1s’s

sel f-1initing mechani smfrom3alorki ng. [0153] Wth each

breath, the nebulizer releases a snmall anpunt of the

dairaen. Sk @pibids, fchogs afehtanil EhdRIMifsHtafifiScYess the blood brain
t hrough the patient's nouth and into the trachea a

hatifeis Vennh arickiyh cangk o Produgeopewyi trRid Qﬂﬁ%s‘?ft‘é@g effect Other
Jﬁg‘éﬁﬁﬁ su %‘égg'ﬁ) hlhgl OD%O%BBIH%% g\tﬁ?ﬁbrﬂae H&s oihe blood brain

Zzer 1's Oor an aer

bankieovety\sloWwlygane thussproddes iacsiowAsnsen bat smstamdrdfee:t
to either a nebulizer or a nebulizer conmbined with a

IRISEES: °okrbe; odoidesiosast dhe) HeoudRiaih darket oh sias to exert
éi'fe%% QV tr‘{@&té’fofﬁ bUGH - ANDLRRN iﬂ%ﬂm@%é@ﬂﬁéﬁ% v@dttéﬁés may feel

delivery device reters to any device that a
edfects dlfiezamtiyortymtalh/ wtmrmemratlon delpicidrigcrieases;t te effects felt
[ un Var i buI chnol re known and
g Helass phed, 808 el erebpRRRRel R BRCortBer o
opioid drug effect is belleved to be dictated by the

[oF at M@mhatbhedéﬁreélsibrﬁist @b arldh@owHNBgulaée blyalh@ opposing
of sorptlonlntot e systemc circul ation and t

actiess aff v@Riekist hehigpi Qeareﬁ‘o‘os@ealaﬁlﬁe) bara;bdcarbanndlomde (which
lrt?c‘%%%gé veﬁ‘ﬁ[ﬁloﬂf 'PI"HQ ccﬁﬁ @ééb%'&galgbt) géqs%llroyvs. initially the

remrtentani 0SS ral n oparrirer

opioias | will Meshu&nmmdnceecause rtapi platﬁmas gt ekhading as much
effect, Qther op such. as nor phi ne

CREP QM digaidg, dh@d%\f%rﬂf &éerﬂ gioxidenia PoQﬁi'%‘i‘ ﬁlbﬁp%}’\’ﬂ” g$e As the
i B B8 LR YU RSB g cpio cucsd

vehtiladoryr deprebsioni €he dpioidﬁmucedt verdiatory dépmsSmnamutsheome on
site action.. Al thou LN sone inst es, .
shlichetys RHRIGIVF S ) el B RRTG! 8, BR8N yhe pioid, thus
s‘é?\ﬂﬁ %rlﬁ‘ﬁl't e hdlﬁ’ﬂ%’f%dldlél i@ @8 Hbﬂ%v@?ﬁ??ﬁt%tfrﬁittcome on so
are gesic eftect, side ef toxic effec

rapidimas torpjece tIﬁ@pﬁﬂ@;nt\/&hnsI{ af dxmyc cidfiectss betome itke warkzord dioxide

e BhaReS Lo pe i aTRBh e RiBELPAERediveRtar{ feprgssion

i ncreases ventilation). This occurs in a feedback | oop

[6$58! | owsThd Mrhb@htl ¥f tdisoliPiitialsd Wb | thdepagsst each minute is
venti | ati on. Because thedlpatl ent is not exhalin
U

pioRertieaabda e xvemdlatione dugngl that sdpwien A oxetagaﬁlcm becomes
deRfe Rt G 'refie%f%?)ﬁjoi&’idéllivérjystg'th@éiurr\@seis depressed proportionally. In
this way, the rate of delivery is slowed by ventilatory depression, decreasing the
ability of the patient to self-administer a toxic dose of opioid. The slowed uptake
of opioid from ventilatory depression creates the opportunity for complete

cessation of drug delivery through the onset of sedation.

[0159] As the opioids exert their analgesic effects, patients will become
sedated, in part from the mitigation of their pain, in part due to the side effects of
the opioids. As sedation develops in patients, it becomes difficult to hold the
device to the mouth, maintain a seal with the lips, and breathe through the
device to administer additional opioid. Instead, the patient begins to breathe
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carbon dioxide rises, it stinulates ventilation,

partly offsetting the opioid-induced ventilatory
wdeprsassicon. The opi oi d-induced ventil atory depCeEg£an@mr/001578

nmust cone on sufficiently rapgpdly so that it occurs as

the patient is inhaling the oploid, thus serving to

g q 1
trolioh RS2, B Byt B¢’ rhOUR. Bl B e frouftibes, of the
nebulizeti OVihf pcteadieg csreeiatubﬁ aiae barn di@psdawags froad the airway,
chance {hg rise and of fset the opi oi d i nduced

r%ﬁY'Pga deviepfeangitaa. mputs sihigisopppgnaway aSphei am may be
' t

ehfoeGRd o, 1ake BRcboR! aBBRRr Tblek & SQaBfAP Y| hRlo e device
dbbbmateiy dimw,seeuy dduing at weight dpithe ddelddd. v &Vgighd ﬁf tiee device
GRS aiusted BTG HruBel Soctiantasiandng o M irdden), patients

Sﬁ@ﬁél‘ﬁ rgéotalﬁgnabl lity of the patient to

admi ni ster a toxic dose of opioid. The sl owed

take of opioid fromventilatory depression creates
{J&D]oppor ﬁnﬂet thef gile efigste obtheegpiaidsolypisialldoggur at lower opioid

%ﬁ%éa‘*ﬁit%&%e{ﬁ%“?ﬁgﬁ?%f&sﬁ&%boi A3k Segt, éhpals; pifont sel

lilite@neopisidataininistralient Hasompddie Bidatadt iBugh A& bulmonary
pain, in part due to the side effects of the opioids

awlwéfdafﬂ%ﬁf 2 PRI 0T nCormbinaiios ofiapigjdelonte rate fsuffiniently slow

td ﬁllé\ﬁ'fgr qup]%%\ép ﬁtﬁ/%ebﬁﬁg te‘@ oé@ﬁig{)&@%&fa@éﬁj n%%é; of toxic

eﬁelctst |Tdreaiat@ mu:stdz,lsd b s enbhgh kad cempabsidthel 1dte of onset of
br ea, hgthro the nose, or through the nputh but
ther SRiRId} Her dbe ehsethef rideil effegts Wi the dose is being

alimfliS@sedo sedation, the armdrops away fromthe

al rway, renoving the device fromthe mouth. This

droppi ng away of the arm may be encouraged to take

[Qd6dde at ln hovieical stusly elatingdint this irbseniiekj healtthesubjects were

cifdefido! Baldva TRe"ase R thet ferdbnairad o e etnons rapialy
a®itlg Bk oAt 'aﬁﬂtsus%ﬁéﬁcﬁdﬁﬁgqmdsﬁﬁxdl 'Bi"lc‘éﬁgﬁ'lalt%d fent%nyl over

atient's strength pre-sedati ce t
1‘2&6@&@@% lorikis Ghudy, seversabisubjects @td:emptwt tol smlfelimib theotldse and

regﬁ}égt éy@?rﬁn%sfsg{gn%%t arh%%gvt&oﬁqherﬁr? E' UL tlc%ome subjects self-

liraded nitet Rseo hebagsd &N oplofdirkflicelr QEailatdiy aéb:'@@,QWny with a
adm nistration of an opioid (or a conbination

degieased) vablilatien rateseduribgahelameuntpiidugl lnbateﬂ oOtfaer subjects
s%fﬁgfgqtgg?hé’ ?&ﬁ%%@cﬁﬂ?e 8P 860afdn, Urdtinglr 6%ty ABhdid the device to

the mouth to continue inhaling fentanyl. Some subjects exhibited both side
effects. The trial demonstrated that patient will, in fact, self-limit fentanyl
administration via the pulmonary route before a toxic level of fentanyl is
administered, when 1) the drug is intended to be inhaled over a deliberately
extended period of time (e.g. up to 25 minutes), 2) opioid induced ventilatory
depression occurs while the drug is being given (and before a toxic dose is
administered), and/or 3) sedation occurs while the drug is being given (and
before a toxic dose is administered). We have found that these factors can be
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effects. The rate nust al so be sl ow enough (as

conpared to the rate of onset of the opioid) to allow
woaoostlezseonset of side effects while the dose PeTmARONG/001578

adm ni stered. [0161] In a cliag-cal study relating to .

this invention, healthy subj ects were directed to

S8 0 RS 0 f TR b BN L gt o

agstdinglgd acti ng Ilposonal encapsul ated fentanyl over
10-25 mnutes. In this study, several subjects

ted to.self-l1jmt the dose and required. external
[Qié tanc rpgerab@el t}'@ %O@n??'i"ém%@é 155 igieted over 4-25
rﬁmlufés} mﬂ%dtdtéﬁaﬁ%ﬂtbﬁ%ﬁa é’cﬁrgﬁf?ét@té& oDErEes! 4- 5 minutes wil

ventilatory depression, ecrease in venti
depesdraniseveargl ranmmdlrug tl‘d:‘r tygei of raplieid. orthmblnatlon of opioids

BB 23 haaness RGeS HeraEH S Dot GRMRRNN ihe partites

mlmd nirals A8mirRstrRIdn perRTRestiBlif & ﬁaté’ﬂf'o?isb?fb effect that

b side effects. The trial denonstrated t pat i ent
ipvinfluencadrlyecthe satefof] agminigteatioangnd eﬁﬁﬂrdﬁ» stlne @tal‘hent theaability to

|ﬁ\;b‘?ur@%{ WDE@ere oth%edggélﬁ{rﬁthgﬁé go‘ﬁsg?\é gﬁh fenté‘e%essnon and

sedhtibred Weehawe fehrd ezt ﬁryamalfenf&h@l/rﬁ@tptme ebnibirfiion drug, a
up. to 25 m nutes) %aomldlnduced ventil atory

é’é&tﬁ 04 109508 émgfmm.qf@lfm il 28 200 90 rega/enin EAmaorphine is
o?‘ﬁﬁ%;l Qnibdstre$ a% tefj]\f@?’ga'tﬁt fhre g 8P é)na%% “systemically

i'on occurs rug 1's |ng gi v
available daug'dxi c dose |s adm ni stered). W have found
t hat these factors can becontrol | ed by designing the

ven to

G8G, &f naFeT 8 SR iBesduily Sengsdelel iomenviiounision, we
hia§e a@mmtrﬁt%eq’e\ﬁb\r@forﬂsygénﬂ‘ba%} £vailabie dhﬂj & Pe%gttﬁﬁm?%t 10-25

opi oi d adm ni stered over m nut es” w
me/RV eofalfrepadentesyl ians J@-5Q mng/mlgnp@f olipasoinualty @ncapsulated
fé@% i;nation of opioids delivered, and the mass nedi um
\Qynam c di aneter (MVAD) of t he particl es being
i nhal ed. This adm nistration period results in a rate

[0f64]nset Foredtheetogibial farmulatfdneengs dedpedt hBaf €thc’é’rfapeutlcally
admnistration and affords the patient the ability t

epHyalam atei ofysystamicallypvaitahte deigto havsugimilar adua@tageef
vent| | atory depression and sedation. W have found

91, of YBB BB Rt R Y R AT B g Fotent than

tha:@bncant«ﬁtlcrmtaphmhnehlmtlents stop taking the drug in a multiple opioid
formulation with at least one rapid-onset opioid and at least one sustained effect
opioid, we expect that the ratio of sustained-effect opioid to rapid-onset opioid
administered should be less than 1:1 in terms of therapeutic equivalent potency.

[0166] Another factor affecting the rate of administration of opioid is the
patient’s breathing rate. We have found that a breathing rate of 10-15 breaths
per minute (i.e. a “normal” breathing rate) is preferred.

[0167] Opioid response is highly individualized. This reflects, in part,
varying levels of painful stimulation. In the presence of very severe pain, very
high doses of opioids can be administered without undue toxicity. Patients being
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opti mal (measured as drug delivered to the lung of the

patient ("system cally available drug")). [0163] For a
wonews/arsdo | | posomal |y encapsul at ed fent anyl PCT/CA2004/001578

fornul ati on, we have found tlrat the [ evels for

system cally avail able drug to be optimum at 10-25

oFFAASDRTIERE SIEN P o fEITHR oo oot e cesen

ﬂumapedtld @ffmntsaandlmlomtoamvﬁ Thivgh|sd FeTRICED e 'dé%ldpment of
;stem cal ly avail able drug to have

tcﬁg;l#q\égl eQ%R)é g‘g '%YS' i Have ﬁ%gbbrmpwvgdem@ﬂns ok akdministering
oploi®PirPpért Qfefcﬁ%eto‘i“% Vide PR P&Qé? F%ﬂﬂrgetoh‘rﬁ adgquately tailor

concentration at patie
thewoyalomlotﬂiplnee@\sminmﬁlfnduahzmpa)bten/tsth at | east one
rapl d onset opioid and at | east one sustained effect

hat _th f sustai ned- ef f ect
IR o« o YA Ceolfie i it wihe gefcas doses of

opifds tdprovidd drialdediaeadf elebe G Re |h&té?rqé*|'tf¥&| §W%rger volume of
pot en 0166] Another factor aftectin

da{g'n(ml"gle(git(p\(ﬁf &f longesi geriedt bk tp'ae) eat ' csarbrt@tdsffergd a more
c%ﬁéee?‘[tra\(@d ﬁY@%ﬂ?P%{@&Z& Be M e gtgf ﬂ%‘?&%‘g}%ﬁe% rginutes.
Either ewayedthe[ OpfId- |rﬁuc©ddvél¢lﬂ§wedépﬁ*egélgh| ¥nd se(fatlon will still

| ndi vi dual i zed. This reflects, 1n part, varyin
nualenfnf eveniHallytteaninate, dmig auiraRsteationt b@/fergf t@e@eioees are

g, SRS oA e Tt s o e
Cohvemety appatiets w‘rmnelqutreh ioplea seqseSosOWRlr éb@bé?%nb@tthe desired

ff d dt C
P& reNSh 8hSF arSHevied P hlatian @epore Theopaiatameleet & not inhale

addtiGhdlSarughYRHe® gégléral:wlﬁ% %g\b’l?@a}/ BREAY t?ﬁsgenrsv\?c%mlster opioid

adm ni st erl ng o ecause O

despitgeolinining dbe rdegiredephin aelidewilhegpgri¢rdd oentilatory de ressnon
of i.ndivi uaI| patients. [016

i SRORART T et Siep o lﬁ%{?r'@e? C\Siwfﬁ!nlnaet@oltheamféructlons
givIs D e ORAIRINS drolrﬁ/bﬁl\ﬁtmg @%%' ﬂlgf%&'é?ﬁetﬁté Jhemselves)

adm ni ster either a |arger ug
atterwiatey an@@@seguenthdtajmlmateﬁjrugc&dmmstMonftfaomdmhalatlon of a

o BB T ol ) % St
aniyesicl effocty estovieatddikduLP pyric® BhESHtPA IGWE: $8a6t tbgi‘&lt

will still attenuate, and eventually term nate,

g nistration before toxic doses are _ _
[O? he selection of opioid and opioid concentration (as disclosed

above, or otherwise) for the device requires consideration of the time course of
opioid absorption from the lung into the plasma, and the time course of opioid
transfer from the plasma into the site of drug effect (e.g., the brain or spinal
cord).

[0170] Some opioids are associated with very rapid absorption from the
lung into the systemic circulation. For example, the absorption of free fentanyl
from the lung into the plasma is nearly instantaneous. This would likely be true of
remifentanil, alfentanil, and sufentanil as well. The absorption of free fentanyl
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i nhal ed. Preferably, the patient will inhale the drug

over a |longer period of tine. Conversely, a patient
wohwsrszpsdres only a small dose will experi encecrita2004/001578

desired pain relief after a .gigarter inhalation period.

The patient can elect to not inhale additional drug.

ropraba gl ina el Hhedpilatasterfanyt sam Hedlifao o plasma i
f&dieveence ventil atory depression and sedation, which

will then either voluntarily (according to the

instructions given to the patient) or involuntaril
QWM to t RO RPiIdEBlEs ashesiatad, ¥dth xeferapidetransfer from the

l et S M r At i : : :
PRSI Sl Ry, BRI it AR A rgmentni
cohesrefationseaptheesitel of alreg| effelct tacatie wiibira2ainrastes of intravenous

injectciu Qufel SPPiraE Fsec bRy S ranare ATD fioplgsma to
tlﬁgﬁgrﬁffcﬁhboﬁfe{cﬁ?’ FOt exhrpRd RBYEK gft{q‘zgﬁtsl{:t‘"fréﬁ‘) a?;1 ggtravenous

evi ce“requires consideration o nme cou
dose opfi viatphineomayi de flelayedhiy | 10r45i minutes efrpmathen time of the
.and[.the time course of opioid transfer fromthe plasm
NETEY he site of drug effect (e.g., ,the brain or
spinal cord). [0170] Sone opioids are associated wth

[0Er2] rapi $orhper §éIf AmifiidBpidla delNary BystdmhaoswdtieNbse of the
circulation. For exanple, the absorption of free

opiidsaahyoulelrhaver bethi raptl irangfer fienplhss lungsstoribarplgsma, and rapid
BT D gt S i tolrotielBrgl. ey grentan,

safescarik izl fmifestani ety s enarstténstd trapid bRestPMImay be
ulated fentanyl fromthe lung to the plasma Is

”1%35’%55%@9? qnsh mgthagene alsioohae g effeshchbul bat s net presently
CAST P RSSO AT R0 fABgBALA G e inventon
witbra siagteaopioid; ome dave douroh thattcanitsinisigt theahipitl agsatidptoit! with a

SRl b0 oo R o b o paton
t;@hhﬁnp'féél%ﬁa@géé?@eﬁéét}ffoﬂon%ld?eﬁa‘)&@a tim%qgigrgéétgﬁ)h%ombinaﬁon.

e peak drug effect from ntravenous
nor phi ne may be del ayed by 10-15 minutes fromthe tine
[Qif735 he i njfdbeideasire]is 1@anairtaintthe apivitl dnalgesiagffept, dhen it may

o S4B Y HBLS S8 95t bR LK B P sovwer
olswt, rer dustained effect. Examples of such formulations include (1) a
formulation of fentanyl and liposomal encapsulated fentanyl, (2) a formulation of
remifentanil, alfentanil, sufentanil, or fentanyl in combination with morphine, and
(3) a formulation of remifentanil, alfentanil, sufentanil, or fentanyl in combination
with methadone. Care must be taken to prevent a second “peak” of action, at
the time of maximum effect of the sustained effect opioid, that is higher than the
peak caused by the rapid onset opioid, which allows the patient to feel side
effects while he or she is administering the drug.

[0174] When a rapid onset opioid is combined with an opioid with slow
onset and sustained effect, the concentration of both opioids is adjusted so that
the self-limiting effects of the rapid-onset opioid serves to limit exposure of the
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transfer fromthe plasm to the site of opioid drug
effect. Fentanyl, alfentanil, sufentanil, and

woeomisfoszdsani | al |l have this characteristic (rapCt/CA2004/001578
onset). It may be that neperizti-ne and net hadone al so
have this effect, but that is not presently known.

RlEHRUP el oot RRT e YRPE S Bplid Sk ds an qrty warming
dysiatn bbgods tthigyedogsidy ¢ffedtd i arapddqoatedimeipamied W t h

a slower acting, but sustained effect opioid gives a

f d | t, th tient typically feel

BhiFons . Werbeis i s 30, SRk o Spehishisd hetaeocty i
rBaSietDi Wrb%gaecifpﬂaﬂ?,] sdﬂjeétﬁ%gﬁékﬁé‘rié cti%id8ichedtsaf 1@ end of
opioid analgesic eftect, then it nay be necessary to

dosing oeshondly radisr competioropf dosingidich nehpugressita teadc bide effects
hsRah SUPHR M SARSTITReY Far AUIPGR s SPaita Sffiued o
WérB0esaEHe £ 16 adtsiinabeth ittiantly prdlyrésdeer wltakiblwl,i ﬁf)ecifically,

rem fentanil, alfentanil, sufentanil’, or fentany
hygesianat i on wi th nmorphine, and (3) a fornul ation of
remfentanil, alfentanil, sufentanil, or fentanyl in

BFZhnc o Eahcb¥ HuaRecBeu B e iver flod HifiBiny Rroation of the
ineentionmreddiess (0f thbrughs uatestaredifhgcof dme gpishrntduakinetics and
hi gher than the peak caused by the rapid onset opioid,

AATERCANY RIS PAR Q8 TNOkEOPIRKS, andle(2rtharaughuidersianding of
5. 8HSoh IR AoBh EhiaRy ot Mol bA R b fdion, ana
vensiettioand 33 usaifuledelelctieat of tdme @onnwrer apioids, oanto{4) precise

erimiaai ob M op6a ConEPTIEOBS R AP pIck RS, e Sgrmulation
if REBG! loSathid @ IREASSIRW Ans&dl pRBiIeid thd 'agl%d.aﬂﬂ\éjfiﬁéﬁ%?mulation is

opiold acts as an early warning system sorts,
detémpjeed iy phaenaddkinetic and phasdeqodyranicnebdealieg of the system

RGBT oD dGod SPmLeann PV ech 2y ind Le S8 thal Siiits the
besbipREibAt sty P?‘(Bfﬁé vEIestiishFidhd eft édé’duét@%r_@?%éi& response.
dosing or shortly after conpletion of dosing did not

progress to toxic side effects whereas subjects that
experienced side effects during dosing and conti nued

r f Wa-eg to continue to inhale drug progressed
IRTHE SRRW', ecifically, hypoxia. [0176] As can be

PYEC! at &gl {he 6\‘@/\\/%‘ MWRichG8 efsre‘ﬁgéh% tbP Simulati
[IGEVG tion rgqui resa(l thag)?%@g\ﬁ Iungbepgt andi ng o Lfﬁe muiation
mbadelnfac deidatiohc sinall flow diagrams, squares represent amounts, arrows
represent rates (amounts per unit time), and circles represent either a

calculation, rate, or constant.

[0178] Figure 2 is a flow diagram which represents a computer simulation

model for ventilatory depression.

[0179] Figure 3 is a flow diagram which represents a computer simulation

model for an inhalation device.
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phar macodynam cs of one or nore opioids, and (2)

t hor ough under standi ng of the rel ationship between
wopiidsseo car bon di oxi de production and el i m nARCT@A2004/001578

and ventilation, (3) careful-28el ection of one or nore

opi oids, and (4) precise determ nation of the optinmal

ent r ati f : T I o ' f [ Q3 :
IR e “Filie R 1o Ao ARadheth Which forreBfs £ bitpalgs Smuiation
mduel douthe Pharmacakinétir profdingoof opiotteasr admastbred to a patient
har macoki neti c_and pharmacodynam ¢ nodel i ng of the
ﬂ@%@%ﬁw MARBNEIWE.i t h dose optim zation performed to

1, 1 "Rt A T 8 i el b A " B Bpram which
reppepems ethel StdliE VPRAMDEES: [shhdialiohi autife IHasmacbkifvtics of the
i agr am whi ch represents a_ conputer sinulation node

i | nt . : !
agiginisteatian 6ha s PPicihwFigwWEr 2Avshoysu e Pevigsr Medgt and the
. t Lea . ; ni
PHERRLnGSs WECHEURED, SV (DA, Bt showe
VentilajorgDeprassianModd) Bra]th&iSpdatiod Medel ddpestsofape aimulation.
whi ch represents a conputer sinulation nodel for
[0A&2]i | at oFigutie pd 68 s@ ograph 0sT@yingi guipait 3ofi then StelbalT™ computer

di agram whi.ch represe C uter, sinmul ation nodel
PG o 1GUeSCRA T BB, PR HerrethioP o f8gigion models
di@hb@ﬂzr@m&@ééd QR STk Scaurs® NBTUEBANtRY "ol Bpiokd iNaAE! inhalation
for the pharmacokinetic profiling of opioid as o
deviae mnrd gueatity ©f gpjnid incthe lung ol ire patirntrdrhe X axiashows time in

488, OO, B2 R Pl S0 IPAFIAED, 1™ T Yimount of
dmémml tabiinhalef didppehsteasiosvarethedisiof 0 iiAutes of stimulation. The
adm ni stration of a single opioid. Figure 5A shows the

ameunt ef Ak tedlunge refietadle Kieh eroeesea«f inkglatior obdrug into

B S 1 o gk S I it

[ | ati op; 1821 H 6l hs; i ;
(P93, 21 OFquk 81921e 1 e P RBPUERP UL eneor
demegsiont iih athe ySiglpThs sioonputad sisudatian ofoddgsres 5A and 5B

[ | ed) expressed as . a.tine urse of .quanti. of .
BB, derEBbBRR oo Mo dhteean: Feptistod depression
(exPraséd Astderdctibg & badeineatémiation)N®a¥ &PrésS&P\Wer time of

time in mnutes, The Y axis shows dose units of
sipiafignatin srinuies).ng. The ampunt of
[0184] Figure 8 is a graph showing the time course of quantity of opioid in
the inhalation device and in the lung of the patient, in the StellaTM computer
simulation of Figures 5A and 5B (ventilatory depression model enabled, sedation
model disabled). The X axis shows time in minutes. The Y axis shows dose
units of formulation, in mg. Patient ventilation dropped to approximately 25% of

baseline ventilation, such depression persisting for approximately 5-10 minutes.

[0185] Figure 9 is a graph showing the time course of ventilatory
depression in the StellaTM computer simulation of Figures 5A and 5B
(ventilatory depression model enabled, sedation model disabled). Ventilatory

depression (expressed as a fraction of baseline ventilation) was expressed over
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drug in the inhaler dropped steadily over the first 10
m nutes of stinulation. The anmount of drug in the
woungaseeh| ect s t he net processes of inhal ati orcoicAdow®o1578
into the lungs and absorbtiopgof drug fromthe |ungs
into the systemc circulation. [0183] Figure 7 is a
[ course of ventilator

show ng. the ti e
tl@@;ﬁf@é@paﬁwn?ﬂn W@L@?&E mm@dwenwaﬂgn ﬁapﬁ%¥ by te self-limitation
oFbgts[oer?pd;ésabfre 5&) i@&%&y di%elﬂ[e l'eﬂf‘gc't‘i?ﬁ’pé'r%ﬂ%'lﬂ?éhre 7).

ent atory ‘depressi on (expressed a
[F1ggjact i OFnglfre Basigld BPapte BRIV ma)nmas:o@w @ﬁ qadnwaﬁ opioid
time of sinulation (In n1nutes% [0184] Fi is'a
ingthepinheladien rigvigeeand i the lungeo meqpatmntt in StﬁllaTM pemputer

siineldl & e o5, B olehulalbh oG Shic g Sekllhy models
eﬁ@ol(e\vj?nfﬂhbax as EROWE NS mﬁﬁlﬁiesen"ﬂhéeudaxi%eﬂﬁiws)ﬂose units of
nodel di sabled). The X axis shows tinme in mnutes. The

formuations HBwENGH o Sarugh inkalaliort sieRRagt icoMPIPtRhmg! aRATPXimately 8
m‘fr%‘t%lsl &ﬁé Ha @%89 sfa‘Te %8 gﬁr)é'a%ﬁéﬁ Ia%ﬁd%%%—l%itmbf &g intake.

I on, suc depre

oxi ma 54 4.0;qMgN
O LT i AT B St o s
depressioal limTikec GtplaEvl @pmmmn @wnuratlpngof esFiguresmd5ABand 5B

BB YRR 5531 0alBH ShofBE Y e S H g prossion
(é)(pi‘éééééﬂagfa esetibhner bagéurleak/eﬁnhuw@)smnémsed over time of
overtinme of sinmulation (in mnutes)

simuationt(ino mirulesk dChange dn seartilation catusesrh%wf theppelfdimitation of

opBif S EieRE TR FERTLA SoBRiBiatb RS B3he Higpy compared

tcSF@Mr@g drrg; time course of quantity of opioid in the
i nhal ati on device and in the lung of the patient, in
[0188]St el | &igure orfRuti®r asiflowl atiagnanof whichurrepreséndsida SBomputer

s%@%&éﬁ‘%@%ﬁa‘};ﬁéﬁﬁéﬁ{%%ﬂ%?&? oRfpisSy dZ'xflseé‘?S'méd) |
Ef8oea bidret iR afS8 L TR eioh dEppRiede Bt & dop,diagram

\Nhl&? FErbSentS AL SSteEATM E6RaplRe shimdiftiohf of i@ pBaintdcckinetics of
i ;&nl ntake. [0187] Figure 11 is a graph show ng the

gusiralionodf twerdnieilSor y depression in the StellaTM
uter sinulatiqon of Figures HA nd 5B
G eeol oFidie L it naniS oo 4Bp ceutbutdf siela bt Eomputer
sHGRES 'o‘PrF|§ GreRr ?§/§eq333aﬁ‘d ffs@bkpfés%%%ibé@%l' tiffé course of total

ventilation) was expressed over
quantity of opioid in the inhalation device and in the lung of the patient

(ventilatory depression and sedation models enabled). Y axis shows fentanyl
equivalents of formulation in the inhaler (1), of the rapid-onset opioid in the lung
(2), and the sustained-effect opioid in the lung (3), expressed in ng/ml (fentanyl
equivalents) of drug over time (in minutes). After approximately 12 minutes, the
patient stopped inhaling more opioid, reflecting opioid-induced sedation.

[0191] Figure 15 is a graph showing the time course of concentration of
each opioid and of total opioid at the effect site in the StellaTM computer
simulation of Figures 13A, 13B and 13C (ventilatory depression and sedation
models enabled). Amount of rapid-onset opioid (1), sustained-effect opioid (2)
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simulation (in mnutes). Change in ventilation caused

by the self-limtation of opioid uptake from sedati on
woht@rs23sonsi derabl e safety to the patient (corpacadoi4mol1s’s

Figure 7 or 9). [0188] Figuregl2 is a flow diagram

whi ch represents a conputer sinulation nodel for the

S B, e AP BT iR s
egﬁgc: é:@@@{(@%ta‘ﬂ fhebifd bP%%&gV@?étﬁ{omﬁi, iy 'n@{’)rPPBf fRhtdriyf equivalents,

etics of the admnistration two opioi
oyl (IR minudesd)4 i s a graph showi ng the out put of
Stell aTM conputer sinulation of Figures 13A, 13B and
[0t92]expr eEigitie a6 aist ian@rapturshiowingt tiealtingeia@aursg of ventilatory

IBBHeRsly! E; pOCRRRLAREEY GR BRRAL A P, SN BSmputer
sienddlied)of Fgaveiss13A0WSBf amd a3 (wsntilmehedepradsion and sedation
formulation in the inhaler (1), of the rapid-onset

mesieds enahledhe Yemiaiop) deprrpsiore (xrreasert@sed feagtion of baseline
vaRitish) W é?ﬁp# 4864 Over tiﬁ’é%f%?ﬁ?%ti‘oﬁ. iy téé)en’[ﬁé%bmbination
equrval eng s R rag over tinme (I n mnut eslj. Af ter

obther twd opibizlsyredChes ayeek during thatademhissiatipped thenfiast opipid.
nore opioid, reflecting opioid-induced sedati on. _
[Q1®B)1] Fi Figwed5l7A B7Bransh 19%6viakgntingethiane at @ Hewotiagram

trati f i oi d d t ot a, I Qi | S
o EeSene g SERER SBpictiadlabfed tRbhRatrSiokpeties o
thd gumpsisttaifon dBBv@BEIoIERS st thealWdy ypidRR BSiIRY tIMiR/tered are
sedati on nodel s enabl ed). Anmount of rapid-onset opioid

alfantani andamesaehies.f &igurepiloiAlapd)aiishew thefrvieg Matel and the

b " A _
PB et heh M SebRBs o R T b Eilfue, 7 spows e
Vehtilaoryi IDeFEla’s@ionOMddént thiay Bedlgtion alleaéls anavitfe TiweeDrig Model
m nut es) . ,0192n1 Figure 16 is a graph showing the tine
agpReets Of d1e siaMilaliat-ory depression during and after

del i f opigjds in the StellaTM, t i
(A1 2t ) ofeFE A 5 2 STa srpuing, e 15t Bowiver phaRgpniration o
ag&%ﬁﬁ,s _h%rp(ﬁmé, Sa%abbﬁfbiwf% itanétbltr%i)effe\éﬁrﬁtbl M e StellaTM

epression (expressed as a action of baseline
compuidrasimutgtionasf Eigures d&d, oV andnt’ Gf(veniitalosy idepression and

b BRI 0 £ SRR o S o
sh&AS ZbnEéBtratesh dforghiRe adrtl &3 dHfwRcémBRIctitdonc@hftafion. All

fl ow di agram
drug levels are shown at the site of effect, and expressed in ng/ml of fentanyl

_equivalents over time (in minutes). Drug administration was terminated after

delivery of 90% of the drug because of patient sedation. As seen in line 3, the

highest opioid exposure occurs during inhalation.

[0195] Figure 19 is a graph showing the time course of ventilatory
depression in the StellaTM computer simulation of Figures 17A, 17B and 17C
(ventilatory depression and sedation models enabled). Ventilatory depression
(expressed as a fraction of baseline ventilation) was expressed over time of
simulation (in minutes). Ventilation decreases to about 65% of baseline during
drug administration.
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whi ch represents the StellaTM conputer sinulation of

the pharmacokinetics of the admnistration of two
wopiidsscowhere the two opi oi ds bei ng adm ni st eCEaA2008/001578

al fentani| and norphine. Fi-gores 17A and 17B show t he

Devi ce Mbdel and the Pharmacoki neti c Model aspects of

si mulat i whi.l e_Fi . . - L
o, 2 TV 14 bl SR Tl sl
th%’?%%hhfﬁgﬁﬁﬁﬁeﬁ dfthl_asé ic@hb@tﬁtir@m%n H038i81d i therpasrBaicf patients
e e C
adminigiere OpiKdr phiigiTa DA oRboWed PAURDIS SAMigered with a
ernt Sj i Iy i i f
cofffba” A2 eahE 6 JEBTARIP dheipslatcsenand, tyouon

puﬁﬁdﬁ?r'?/omon‘@del FinebPeB) shbivse patiehswsadministeredawitn fentanyl
of a

) entanil; line 2 shows concentration_of notphi .
intgaNeTIOR - 3 MAIRITE GRACABHALRCBrmal 88 7P| SWUanty higher
. _ d t
YL oSSRt St b 964 8o ofchageroun
is Montbgis) thedmeximdm oosterdtation afeapioier iakentkydther suhject is likely
delivery of 90% of the drug because of patient
alsepaff@HC- As seen in line 3, the highest opioid

sure Q¢ dur i ' at i : Ei i G
T T
orfEBf @R8kOfri thet Sifle Séfeddia BYioc corisiteiects wfipetieats afiministered a

Figures 17A, 17B and 17C tilat '
comistian sbdenershandbdposealyl nerysdaBbdengmy trough a

expres a f [ ' ' ' ;
oEPRGEGH T B 5L M AT e BBt b G oRgar et
sideeffbtiat i on decreases to about 65% of baseline during

drug adm ni stration.[0196] Figure 20 is a graph .
[0388}vi ng nEigLreIR doAdablersiidving dhe siatistigali ¢orralation aksige effect

agai n ngd. pf dose concent [ at. Lqid hp the
togbheiiest. ik et ek R fad B B0l Doa
sho pati ents adm nistered wth a conbi nati on of
Eﬁ%ﬁ%ﬁyl and |iposomal |y encapsul ated fentanyl through
[oﬁgﬁrl monafye re%l{rﬁﬂ?f bSl%W?l%_C@e§ Q¥ td AehfdHstrate but not limit the

adnt ni stered w entanyl 1 ntravenously. Maxi num
erqbodiendritatof tme pfesept miventias. not signi ficantly higher

than the concentration at end of dose, indicating that
Exdmpleel " #hdousti de ioij oxi ¢, the maxi mum

concentration of opioid taken by th ' ' i :
[0200) non- E¥amples 2-91 are based on 2theoretica el for Adl&glc}/ellvew;

this theoretical model is described for greater certainty here in Example 1.

[0201] The theoretical model for opioid delivery was programmed into the
computer simulation package “Stella” (High Performance Systems, Lebanon,
NH). The elements shown in this example, both in figures and in text, are
adapted from the Stella model representation, and explain both the programming
of the simulation, and how the simulation works. ‘

[0202] In the figures, rectangles represent variables that indicate
accumulation of a substance (with exceptions noted below).‘ Open arrows
represent flow into or out of the accumulators, and closed arrows represent the
elements that control the flow. Some closed arrows are omitied for simplicity of

representation.  Ovals represent model parameters (inputs) and time-
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[0197] Figure 21 is a graph showing tine to side/toxic
effect versus tine to end of dose for the side effects
wansiexice ef fects of patients adm ni stered a PCT/CA2004/001578
combi nati on of fentanyl and 3li-posomal |y encapsul at ed
fentanyl through a pulnonary route. In all cases, tine

in&?@ér@é’n‘? hbéuV?@n@qLMényﬁ odel bQ%@éte@éﬁd iconetaints wietkeobtained
ect 0198] Figure 22 is t abl e showi n

frarh ahe qricc adrt ¢see Scatti Stanskidb R Peetaases ‘l%@i@'ly' and alfentanil
dc%fgf SCt 28 gffﬁ@&gg? %grrel astlrﬂﬂletérq Cprﬁi‘rﬁ%eiaklﬁbtlé‘ and

xarrp ow'are S gne

Heenfé%a{ﬁﬁémnmmtumu H’harrﬁaobhExpﬁthJ 1987 damP40(y:159-66).
present” i nvention. Exanple 1: Theoretical Mdel for

aPBedatidpelloder y [ 0200] Exanples 2-4 are based on a
theoretical nodel for opioid delivery; this

[0208r et i oAl medakfor s:mgcmdu@adf@edajmhms cesignesk ¢Fig- 1 -

S 54 aEB b olic SRRLED NGRS S At e

coﬂc’é’Hirﬁhbr‘?rbfp@ﬁkawgt 16 edilea of @'rb@fefié@tf tfrnmre:ethayﬁ @[ﬂK)ld was

Lebanon, NH). The el enments shown in t
pnesféhil ajuhesiteral drug eéiect, Qieiddaditest SﬁthrWth‘@!ggPH!'ﬁ 9 Yepresent
thg? lfrﬂerfgﬁﬁiﬁgﬁ(gsnbp&r?&inga ﬁéﬁ@?hﬁﬁ}a{ﬂ? gﬁ&\s\géﬁc\%érﬁﬁtéﬁcy (for

eXdMBR] inl Exdmpldsi BEnE S, berat)angl es represent vari abl es
that indicate accunul ation of a substance (with

[0204¢pt i onSedaticrd Thedsh)d 102@wa@rdefmdr@¢)tf&@m0ldIchen’tra’flon
1Qg§,ﬂ@§£ﬁ$&§ qgﬁeé{c%;eﬁ}esclﬁg:ﬁil a Vo %I gt ﬁlggsﬁﬂqlﬁﬁti%ﬁg Sedation
THIGRRBH %é@%@ﬂ@te‘?mﬂécﬁ@ltﬁ@ﬁ tHrb I ieXpbbin@htation or through the

representation. Ovals represent nodel paranmeters
kriovap phaymacakingtinsi ofdbp@ptieht cal cul at i ons. l\/any nodel
paraneters and constants were obtai ned fr

[0205] (see SedetionycEvaiugiaki 1080 pa@adedier n1° Q’Y*P%h%lr Opioid

nt a |
RS (P16 SSsHEer . SpidionaoThrdiidT oageowe Opiod
CBhaermmatidn EmnOTbmeemBedjanommm)shaldsgoae) Segafion Evaluator

cgslg\?égdgn Q,\N)ggﬁlgégf, %@,(iehlqrp 5ate110f4%r5{§8|§1|t 8 . w%ccfa%on State 1040
ggng dek&ﬁpﬁf bhetd thbt Ruld Othat Wastdivfcs d8present | édduphulation of a
substance: Instead, the role of Sedation State 1040 within the model was that of
a memory component, which would remember that the opioid had exceeded the
sedation threshold. In subsequent models, data from Sedation State 1040
functioned to turn off further administration of opioids, simulating patient sedation
and the resulting removal of the inhaler from the mouth.
(b) Ventilatory Depression Model
[0206] A Ventilatory Depression simulation was programmed (Fig. 2). In
this model, CO2 was produced by the metabolic activity of the body at a rate
CO2 Production 2010, flowed into the plasma, (Plasma CO2 2020). CO2
Production 2010 was either determined experimentally, or known from prior art
(see, for example, Bouillon T, Schmidt C, Garstka G, Heimbach D, Stafforst D,
Schwilden H, Hoeft A. Pharmacokinetic-pharmacodynamic modeling of the
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concentration of opioid at the site of drug effect. If
nore than 1 opioid was present at the site of drug
wehieos2360pi oid in Effect Site 1010 was built POT/CA2004/001578
represent the sum of the opigbds present, each
normalized to their relative potency (for exanple, in
Exarr?l es 3 and 4, below). [0204] Sedation Threshlg] d
regpiratan Slepeessaet efiect olaligntanit Anssthasiolagy-otPofod: G k) 144-55

SIS TR TS HakESt, Ahdi3gef 0 CORMEE; Shafer SL.
Aempdel oktiteavérditatory dapmsgant petdmy}m rphéﬁellntmﬁkiinnmm nen-steady
t . i a ..
sl Adesthngobiy’ 303N Ao B orPlsing G- 2020 Bautiorated
wiRdid @bd hheda0behid OFftain fC@iétbsz%CQP@_eﬂétba(Br@m-P%a co2

exceeded Sedation Threshold 1020, Sedati on Eval uator
Equitibgume2030)e CR2 wasetlingpatad tramsthat plagowoinfa orarmer gimulating

1. N St. 1040 [ .0
thegiatatioR o S rBap 0 DS, A Ao PIE EiiNalipsl £BQ dbat was
rrir;dgizégl@a%y thB®arametedVveraitiabhpDeptcdispon2dép. W thin t he

was that of a menory ‘conponent, which woul d

[o2omgnber Weatilatdre Deyressiona@beiXineestagdt dxetheedpibidooncentration
threshol d. | n subsequent. npdels, data frogniSedati

akthe siteo2h drug sffesh dPrigid: iy Efisct Sitg (104P ncreaseg.nVentilatory

ORI 8RR uof o % i e 6 fo08!Effination
2050}, ltauing ©O2t tol eed ity thBeprais,s{BrainlGO 204008 Brain CO2 2040
ingjoasedt b SHIalac VeoHalas reuSt oA HRSANE. REPdnoh Yentiatory
DBt 2080 ki b i Epi g s AR et s
1@t 0,dubichdras20p0osities effecten Vaotilatory iapresgioni2®ét al | vy,

or known fromprior art (see, for exanple, Bouillon T, )

[Q?&ﬂ]j dt CcOtleyr @@uaén@ermeﬁ@éiq‘\alqmeds_t%ﬁ feeisYengilatory Depressnon
2GSy BB o USRI IR TRE AR s oo
Paldrasteasni P07 gsdraasitedsonompidifg JMadEl Phrarhéters528M0 were

Bouillon T, Bruhn J, Radu-Radul escu L, Andresen C,
desarihed i grepter detad) in HowrescrA gndiai2 These W\?arameters 2070
o6 JeriBlory Behedeith 2080, AR kyipllefiatds 145 %1 ifHtion 2050
aDBraim2002R040. brated with the CO2 in the brain (Brain

CO2 2040) at a rate (Brain-Plasm CO2
[0209] Although the programming of this simulation into Stella is novel, the

Ventilatory Depression Model is known in the art, and is referred to as an

“Indirect Response Model.”
(c) Device Model

[0210] A model for the inhalation device is shown in Figure 3. Dose 3050
represents the total amount of opioid added to the Inhaler. Opioid Dose 3050 is
added to the inhaler at a rate Fill Inhaler 3010. This rate is required for the
working of the simulation, but is calculated at an instantaneous rate.
Formulation In Inhaler 3020 represents the opioid contained within the inhaler.
The patient inhales the formulation at a rate of inhalation (Inhalation 3030) into
the lungs, (Formulation in Lungs 3040). Inhalation 3030 is effected by Ventilatory
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Equi i brium 2030). CO2 was elimnated fromthe plasma

in a manner sinulating the exhalation of air fromthe
wouongag2zd a rate CO2 Eliminati on 2050 t hat wWaBCT/CA2004/001578

medi ated by the paraneter Venrgil atory Depression 2060.

[0207] Ventilatory Depression 2060 increased as the

opi oi d concentration at the site of drug effe . .
Deeresien |£OQ§ a6k Sgdalion ptpte | HH‘%&§@§C%%GM’I ﬁ%‘ladﬁtk?n 3030 is

d t r i

it Wﬁ%ﬁﬁﬁ%ﬁ O BBl Ot Tt Sl 20807 ! #Rample, i
Vlehaldhmral Depressian2a@rwas 5006 oAba&lmeq thm dﬁﬂ)gLWas inhaled at half

63?‘? Sed@#? i‘@ﬁalﬂ%ve rn‘((jﬁ "X{%%}‘?If %@gpﬁ %F?"‘%)’@é if Sedation State

19hbset1t 'tﬁ@n'|ﬁh@|&[lbntdiedlﬁgpihﬁ§$ﬁé“mr‘?d§ @ﬁbl§ ahd R @irthdrndrug is
Effect Site 1010, which has a positive effect on

Inl’@lﬂdlatory Depr essi on 2060. [0208] Ot her paraneters
re de&gned to effect Ventilatory Depression 2060;
hé’hgun% k'f‘ﬁ@’sy‘ Qsef ameters were iilustrated in this

P 2 70, I
GRHE P AnEhertas3R5e e Modctor FElTic Pl afas, Brditemmed.
FoPmbis@idhe JAirRyd 3@50 WH@Sﬁbé\é}Béﬂ E?s’téﬁ??éaﬁl&sa?%mate Systemic

effect Ventil atory Depression in turn

A@sﬂmilosl @010 Bntanithettieed Mnar(@mbldu i E@sm@m% Opioid in

Ao 4l BHBDAGE ' RaBTEHEegt Sl BH e ipgum 4030

wnﬁ &éfﬂ@i@nat thé @ﬁeadftdrugr@rfecﬁ O?f(ﬁdﬁﬂ@ﬁ@cta&t@ﬂmoz) Opioid also
rect Response M Devi ce Mbdel

fﬁﬂjﬂtélbufeﬁr lﬁtﬁetlSSHﬁaDthl%rhn dTessuﬁe 4060 sodrrater Grigidr geglstnbutlon

4P307 o8 Wi P D FSER Bob! B Pdisnd Ryl o, Ruffteifn 4070,
Opidid! iar TRdsue 4086@ drid Opidit aRedistbllionThD50 neére programmed as
required for the working of the sinmulation, but

optpry|| Resrmateranthaiseam alb@oﬁefdatoé npbrlﬂﬁﬁcbtqQﬂ?I’%mg on the
phﬁnﬁé kinet rq.cﬁdgleatl e p |ﬁ%a .8 @hcgwﬂlfécﬁ‘edT%trl&‘téh Systemic

e I nhal er. ormul ati on
Ababmptioh 401 Iavasma-EifedztaSM iDyog IBAWNbriurh 643t Opioigs Elimination

4@?‘3’;%? Qn*gle%i‘%ﬂ"gﬁév el L:\)@sﬁl Z‘%&Sgeaf’égrﬁ%@gagyoﬁ vector of
?ﬁﬁﬁ@cc;i@ﬁ@ﬂc 'nﬁétél%l 'd‘f thd Dghﬂtd@é} 8id Soeﬁhgw@arrmystered

e I ncrease of Ventilatory pression 2060
repasphied inf themodelt as yYOpet EwirmaceiipetioaBammetefs 4080, and

cBREREd By phdfMadbkifei@adeliged at half

[0212] Although the programming of this simulation into Stella was novel,

=

the Pharmacokinetic Model is known in the art, and is referred to as a
“Mammillary Pharmacokinetic Model With An Effect Site.” Mammillary models as
represented above typically have 0, 1 or 2 tissue compartments, yielding models
referred to as 1, 2, or 3 Compartment Models with an effect site, respectively.

Example 2: Administration of a Single Opioid

[0213] This example is an application of Example 1: Theoretical Model for
Opioid Delivery. This example is meant to illustrate the Theoretical Model for
Opioid Delivery in use; the model parameters do not reflect any specific opioid.
Instead, the model parameters in this example have been designed to clearly
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t he baseline rate (Inhalation 3030 was hal f baseline).

However, if Sedation State 1040 = 1, then inhalation
wofhowrsgged nt o the [ungs ends, and no further dPOD/GA2004/001578

i nhal ed (d) Pharnmacokineticsdbdel [021 1] A

Phar rracokl netic Model for system c opioid was

progra For.mul ati on I.n
demﬁ'ﬁﬁec Igl |qga@§p%g}sqf%p953§gg$ |or§ﬁ§grmﬁ9 odellvery
Th%lhﬁxghﬁb@éj s‘Plb%\%”ﬁwé gkéildnn oPlins W@uﬂ%&’:ﬁhla’u@pso&sﬂ described in
asma 4020 equilibrated at a rate Plasnma-Effect Site

Exé)ﬁpge éEqa(aqug obmémmg? miode! wheoite siMylgHoR is RINof  dr ug
effec ioid in Effect Site 1010 ioid al
(a)r huegnampalﬂfé@elvmd& tissue Qm oi d |21 Tiqgsue 48680at a

[oéfgtaepfqg's AN ri@%ﬁ' ythersleffe ﬁlgb%aéggg%&med in
Exbﬂw(PTé §s gf'&ﬁ% §ih@le%f)féﬁcﬂ|§@@*hﬁﬁ§tek6d tfmougtﬁ)ﬁmalml(m Flgure 5

as optiona araneters that_ coul d be use

is eplltnmto we dpaitsp e frigureg ariee Fignie ,ﬁoflg@rﬁ 2A n%tmmmsses a

e il

in @%Pn &0 a5 AhEWimGIB adfi Bigudd 3D a Bhar cmlrmbtlc Model 5020 that is
Redi stri buti on 4050 vverg aIIp n@m

det
qumiemaouhaahammplsmlﬁrl\éwﬁl ﬁ?ﬁg{ngn%&? eéeraéﬁ'e% %?‘%mpﬁ as
el n
o B e R @ﬁ%@stﬁ@asg&‘@a'ﬁ@m%n@wams
o;ﬂpgr E‘fﬁ%d@eﬂft)ﬁohn@m|®p@|d [Rmm}lbmlmmdﬂﬁ@ tang wnth the further
amm

exoRptmia iRk e ErarsaIo e ARG G Rt Bull i gystemic

At ﬁt‘i%‘ gg e@? cgd té{;{ﬁﬁﬁk}a&ﬁ%ﬁh QﬁﬂqﬂﬁgﬂnﬁeEfféct“@i@@ IEquilibration

'ary nodel s as represented
4@@0\@01 yipt ehblw have sepafaterparanieisie gepmaurer@ogle for more

inbtsmchan e 8 bepmonese Sofanfisll PeftiaRen, b 5030
wrﬁgﬂ]wnrﬁssé l?(lél%ﬂt & tr?e §bﬂﬂl‘aﬁ)r9®éprés£|83 Mﬂ)dé’lmhbvm( anplexplained

I cation of Theor et | cal
in @aonple Dedis mwholérwfsi:lgum I(\Ajl’[h therexeaption that [\j@gph{’grameters

the Theoretical V.
25l e Pl 38! R bt Meetls (Bfiprai® woool
P H&?ﬁ&g% 2676, ﬁ@ﬂ@ly PAO@@@@rzom KéicOz207p) Ee(b@@é 2073, C50

een designed to cl ear7y denonstrate the self- |n”5
oawhdaamata CBE5pADETE @078y ShEWo ENGR Ao M@ds 040, that is
equivalent to the Sedation Model shown in Figure 1. The Models shown in
Figures 5A and 5B are part of the same simulation, but are shown in two figures
for ease of reference. The mechanics of the four models, shown in Figures 5A
and 5B, were described in depth in Example 1, with the exception of the
expansion of Model Parameters 2070, the mechanics of which are explained as

follows:

[0215] Baseline CO2.2071 is the CO2 at baseline, prior to administration
of opioid. kel CO2 2072 is the elimination rate relating Plasma C02 2020 to CO2
Elimination 2050, so that at baseline (i.e., in the absence of ventilatory
depression): CO2 Elimination 2050 = kel CO2 2072xPlasma CO2 2020

[0216] It follows that at baseline, carbon dioxide in the body is at steady
state, and hence the CO2 Elimination 2050 = CO2 Production 2010. This



Thi s Exanpl e shows the integration of the four

sinmul ati ons as described in Exanple 1, and output from
woOheosszisd when the sinulation is run. (a) |ntegraiARer/o01578

of the Model [0214] Figures .34.and 5B show the

el ements of the nodel as described in Exan'pl e 1,

wher ei n si ngl e Opl is.admnistere

ppltehe 0, S Sla0L e, 0ROl 8 Lo 2 il SLEr S SO ot i torms o

g Fi 9o SB. Bpgyre 5Aarfd“‘3°”pﬁéses @oReVi cepn72 as:
Model 5010 that is equivalent to the Device Mdel

&thmdantﬂom&(ﬁlO&r k@ CON2E2aBrselirke Blasthh€O2207¢ of
ure 3; a Pharnacoki netic Mbdel 5020 that is
[@24 Ival eniTheorate of BraimBlasna Squdibvatien 20R6\iA determined by the

s oS CREAT b, 1o 0 o 0 e 4 (i
%QS GG 965 2R o‘? R hd € %098 - Bl co2 2040)
an ;{1]? ?Ild %er except | e
[@ﬁlg?n‘:gk Ll *@%t%‘tﬁ%ﬁ. bia o §ﬁf5ﬁf”a4'.‘f%'h&£8%f, the, @pioid in

thd &ffeet Sifepcito38] taendEcmel paiznadten O%Sgom,nmenoplo@cmwntration
arate/paramater - see source code_for
(}E

asseelaiest W pO% P MaxIBwTealestnald gamma verb: tha sieppness of the
10 c@jﬁ%@ﬁ{@fv@%yg@?%%ﬁléﬁ%ﬂggﬁ d"’ﬂﬁltl‘?ClHé rﬁ utdhghethe opioid to

y Dep hown an al ne
vERrbiajdre depaassidreexpressedaisFi gure 2 (vvlth the exception
that Mbdel Paraneters 2070 are shown in 'expanded'
for m W Opioldin theeffetteiren030€8MPF i si ng Model

T B R e, 0% 2072,
B, SO B B T e

véntijatlels Ca bedmbaemdeaeaatfun@drhef Baeeline nDO2t 20711 Bvéln Cco2
are shown in two figures for ease of reference.

15 2R4Gan FLU0. AT STARRITGINC evaop P30S relRtgRenip
5B, were descriped in depth in Exanple 1, with the
eXraptC@h2040 the expansi on of Mdel Paraneters 2070,

g1 ENnb ? f which are explained as foll ows:
[ 0215] Base e CO2.2071 is the CO2 at baseline, prior

RO I it oSt SR, VeGSRt 2060 can be

describethasion 2050, so that at baseline (i.e., in the

absence of ventilatory
Ventilatory depression 2060=

[ _ Opioid in the effect site 10305 j ( Brain CO2 2040 )”"76

X
C50 20745™™*7 + Opioid in the effect site 1030™™ %7 || Baseline CO2 2071
20
[0221] With ventilatory depression 2060 now defined, we can fully define
CO2 Elimination 2050 in the presence of opioid induced ventilatory depression
as:

CO2 Elimination 2050 = kel CO2 2072 xPlasma CO2 2020x Ventilatory Depression 2060
25 completing the description of the model.

[0222] In this manner, the models from Example 1 were combined into
one model of opioid effect. This model, shown in Figures 5A and 5B, can also
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depression): CO2Eli m nati on 2050= ke
CO22072xPl asmaCO2 2020 [0216] It follows that at
woasmslogzes9 car bon di oxide in the body is at steatyA2004/001578
state, and hence the CO2 El i'ffhation 2050 = COR
Production 2010. Thispermts calculation of the rate
befddsaoribpd dyuitiel f@UO\(\/Wg’ tathematicy traodel, B8 reprasentdd in the Stella
Basel ine CO2 2071 and kel CO2 2072 as: CO2 Production
Pregiammipg | largyageoEoureeseddale Pl asma CO2 2071 [ 0217]

The r f. Brain Plasma uilib [ 20 is
Bagﬁgrﬁbﬁegoéﬁ(?ﬁe pafhnetggr -é%ggfgéo that: 9%
(Br-ain_Phasma_Eogi kighratibes 2820 2p2ke080+2073x (Pl asma
CO2 2020 - Brain CO2 2040) [0218] Opioids depress
INeEmt Bratinonoas 28491 gnBiadall ihencio20200fL the Qpioid in
the Effect Site, 1030, and the paraneters C50 2074,
INR&OWPBi:oi d concentrati on associated with 50% of

maxi mum ef fect, and gamma 2075, the steepness of the
Beféﬁéleﬁ’tlﬁ&fﬂaeﬁoas?ﬁqpégﬁ&@é1PMtOi2(9nshi p, with the =

ntHRbbYthHanR Ol 0 i l~af0r pressi on
R (R BB o A 72 o
FéAtgamieA0a+Gphandri Bobhgtef fect site i 030 ganmma2075
[0219] Conver sel car bon di oxi de stinul at es

Fosmuil P&t paninTRahaderedd2 it vendk) ati off ehh Behaler 3010
T % Led .as38 @ ngtizen of Baseline CO2 2071 , Brain CO2
S0 4s8-20307

6, a paraneter describing the steepness

IRTTt Berhghatienshihpnh@d2d] 3ieit i-ng these together,
Ventil atory Depression 2060 can be described as:
Menbivisat ory depressi on 2060= [0221] Wth ventilatory
depressi on 2060 now defined, we can fully define CO2
FELilpiinabilem 23030 Enifhéipeeseiceheh Opisel @ 050ddded else 0
ventilatory depression as: CO2 Elimnation 2050 = ke
OBTRLRDP2x Pl asma CO2 2020x Ventil atory Depression 2060

congleting the description of the nDdeI%E£0222] In
Tehpsafafnes 03Phe findets frifAddtpreataet@ Contined  then
.t Geone aRdel, pbponkaldnehihgeh. oilies grodel, shown in

Fi gures 5A and™ 5B, can al So- - be described by the

F%Qh%%ék&@nﬂ&hﬂ@ﬁﬁbLQ@hOﬂﬁde|: SRRSO ad ithdes o040 (£ -
{ e a
dt) + (Inhalation_3030 - Systemic_Absorption_4010) * dt

+

INIT Formulation_ in_Tung 3040 = 0
INFLOWS:

Inhalation_3030 = If Sedation_State_1040 = 0 then
.5* (Ventilatory Depression_2060) else 0

OUTFLOWS :
Systemic_Absorption_4010 = Formulation_in_Twung 3040%*.693/1

Opioid_in_Effect_Site 1010(t) =
Opioid_in_Effect_Site_1010(t - dt) +
(Plasma_Effect_Site_Equilibration_4030) * dt

INIT Opioid_in Effect_Site 1010 = 0

INFLOWS :
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programmi ng | anguage (source code): Brain_CO02_2 040

(t) = Brain_ CO2_ 2 040 (t - dt) + (Brain_Plasma _ CO2_
weaqoisiosasat i on_2 020) * dt INT Brai n_CO2_2040PET/CA2004/001578

Basel i ne_C02_2071 | NFLOAS : _37. .

Brain Plasna CCQ _Equilibration_2 020 keO CO2_2 073

rai,
PR PR A o LGS doso

Epﬁauaa&nomla@mbnh@b©to 13080 16t gr sk tlE%  hlo10)*.693/1
I nhal er _3 010 - Inhalatlon 303 0) * dt1

OEQDudLanLemasmaLababem)302 @pro@d|hEL§ME%ma 4020(t - dt)
illL |Inha r %O =if time = 0 then Dose 305 0/DT
gV§EEHl 10nnfQi8t i o 30PmiciqELimination 4070

PﬁégﬁhlEBf@E@tSl&@4gqu1gle§%105 4030 * dt
(Ventilatory Depression _ 2060) els O

IﬁanﬂbabLdﬂ;ﬁﬂﬁld@@g§@®@O(E)o— _
Formul ation_in_Lung 3040 (t - dt) + (Inhalation_3 030

INFEPEEem c_Absorption_4010) dt INT _
Formul ation_in_Lung_3 040 = O INFLOAS : Inhalation _
Sgpsemiciibspratieon_S0aPe=1840mualeti heninsfung_3040%.693/1

atory_ Depressi on_2 060) el se 0 OQUTFLOWS :
Oé@%ﬂéﬂ# Absorptlon 4010 = Fornulatlon in Lung 3

ofiSia, LR aPLO et bGEbR S B bRl Ll o Bl a7

P%%%ﬁ?ﬁﬁ?ﬁé%%$%%%éoﬁ%ulﬁggﬁgllSHT%ﬁégbﬁ Pl asma Effect
(OpBpi@_irfEqRldsihaad 020 Op#6388_#n Effect_Site_1010)*.693/1

Plasma_C02_2020(t) = Plasma_ C02_2020(t - dt)

+

(CO2_Production_ 2010 - Brain Plasma_CO2_Edquilibration_2020

- CO2_Elimination_2050) * dt

INIT Plasma_C02_2020 = Baseline_C02_2071

INFLOWS :

CO2_Production_2010 = Baseline_C02_2071*kelC02_2072
OUTFLOWS :

Brain_Plasma_CO02_Equilibration 2020
ke0_C02_2073* (Plasma_C02_2020-Brain_C02_2040)

CO2_Elimination_2050
Plasma_C02_2020*ke1002_2072*Ventilatory_Depression_Z060

Sedation_State_1040(t) = Sedation_State_1040(t - dt)
(Sedation_Evaluator_1030) * dt

INIT Sedation_State_1040 = 0
INFLOWS:

Sedation_Evaluator_1030
if(Opioid_in_Effect_Site_lOlO>Sedation_Threshhold_l020)
then 1 else 0

Baseline C02_2071 = 40
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1010) .693/1 Opioid_in_Plasma_ 4020 (t) = .
w(i]abus’vadz_aﬁm_Pl asma_4020 (t - dt) + (Systenic_ AbeDIARIAN0ISTS
_ 4010 - Opioid_Elimnation.4870 Plasnma _ Effect _

Site_ Equilibration_4030) dt INNT Opioid _ in_ Plasm
. 049%94— 0 5NFLQ/\S System ¢ Absor pti on 4010 =

Jlé riul’ation”_ in_ Lung_ 3040 * .693/1 OUTFLOWS :

0 | Lrai nati on 4070 =

Dgn%:GOFg5i6n Plgasma 4020*. 693/ 10 o _
rPbagga=Efif ect Site Equilibration 4030 = (Opioid_in

Plasma _ 4020 - Or ioid_in_Effect _ Site _ 1010) *
Ga6®3/ 20Pbasna.@2 _ 2020 (t) = Plasma_OCX2_2 020 (t -

dt) + (CO2_ Production 2010 - Brain Pl asma_C02
kEQuCDEbBQFBoH Q @20 - CO2_Elimnation_2050) dt INIT

= Baseline_CO2_2071 I NFLOA5 : (C02_

kPﬂS@ae?PBH = 90@@2— Basel i ne_CO2_2071*kel COR_2072

e e AR Ll coE 52%58
2020*
vzj]&gg%?%a%ﬁ)gﬁ%%ggmﬁe ?8 sFloﬁerm%OCgéda’tl on eSt at e (1-

OQldﬂéOlﬁtEfﬁeSEdaﬁtén18&6F3aﬁﬂ4020v5/(de zobae@ahm@n2075+
Eval yator_103 0) * dt IN T Sedati on State 1040 =
OPRRL eI ESERGE-Shte_EQAP(GEBM218835T) *f(B(-”aéFloF@Z_ﬁMO/BaS

eﬂﬁgcéoz SHY €) AFl%QgSedatl on_Thr eshhol d_1020) then 1

(Opioid_in_ Plasma _ 402 0- Opioid_in_Ef fect_Site _

(b) Output of the model when run with Ventilatory Depression Model and
Sedation Model Disabled

[0223] The model designed and described in (a) was run as a simulation
of opioid effect, using the following initial parameters: Formulation In Inhaler
3020 = 5 milliliters at time = 0. The model was allowed to run over a time course
of two hours. For this simulation, the feedback loop on drug uptake aspects of
the Ventilatory Depression Model (i.e. the feedback of the effect of Ventilatory
Depression 2060 on Device Model 5010), and the Sedation Model were
disabled. Output of the model, when run, was plotted for various parameters in

Figures 6 and 7.

[0224] Figure 6 shows the output of the model as run in the absence of
patient self-limiting inhalation of opioid (i.e. with the Ventilatory Depression
Model and the Sedation Model disabled). Figure 6 shows the time course of
drug in the inhaler (Formulation In Inhaler 3020 - line 1), and in the lungs
(Formulation in Lungs 3040 - line 2) in the absence of the self-limiting aspects of
the invention. The amount of drug in the inhaler dropped steadily over the first
10 minutes of simulation, at a rate Inhalation 3030. The amount of drug in the
lungs reflected the net processes of inhalation of drug into the lungs, and
absorption of drug from the lungs into the systemic circulation.

[0225] Figure 7 shows Ventilatory Depression 2060 over time, for the
same simulation (Ventilatory Depression Model and Sedation Model disabled).
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Basel ine_CO2_2 071 40C50_2074 = .3 Dose 3050 = 5 F_2

076 = 4 Gamma_2075 1.2 ke0_OC2_2073 = 0.92 B
w@em@sz_m)?z = 0.082 Sedation_Threshhol d_102 OPETAA3004/001578

Ventilatory _ Depression 2064 = (1-

Qpi oi d_i n_Effect Site 1010 LGanmma_2075/ (C50_ 2074

T SraTh pHRs B pl et bcrhfagh ) Side P s B amately

S%t Bf”bégellhaevgﬁm&hor‘{\hiﬂn Hhign sihtlBHNe m‘FHeat\,@hl?ilatory depression
ressi on Model and Sedati on Mddel D sabled

emetembﬁmamngmgwéalyaﬁra Odwisitenethe Argm)n mehla on seds,reversed

o< R o0 08 o308 Shlert A58 LBthame . e

paieht's lindy gattsimunried), @ouﬁtlé%cfm@ellhe\r@@prebi;ammﬁaob of time op|0|d
over a tine course of two hours. For this si

ont ventilatiam ddHs deaipinorerdialipn gxpasedibgaatignbio § {%sfaom injury from
hVenti | atory Depression Mdel (i.e. the feedback of the
t of Ventilatory Depression 2060 on Device Mdel

Cf%‘l.(l)tklﬁl rﬁlem%dwﬁéﬁ fih Wﬁq}'eﬁ‘rﬁétgnﬂbéﬁkés%%n RAdeHénailed

en run, was p otted for various

[0@%6]3“Et erpné BinmilEt6E sis6d a0 (b) Avad Rddiled by ehablingthewgentilatory
e” output of the nodel as run in the absence of

Dﬂatesewn ddodell i and | A iR at WG dhe opRBed inifiak pagpmeters  of
he Vent Lrbﬁh%&%/ é@%f e?;%@ﬂlt%@daql rﬁﬁé‘eetlﬁq l(r:cfgdj';‘x‘;a'n80§ parameters

wé’tfeuﬁldtt@dt beor filmal eFi Lﬁ@ranshaWsomomlamalmnnBa@a 3020 (line 1),
l'ine 1;, and in the s (Formulation in 'g

depigitngihe amopst abduigcBadis ieiﬁfe'“stBPf'Uh@'ﬁf tel"ﬁt 9@8@@1‘%” Jp Lungs
h h

deég)e ;glﬁ:'{ebd tg%gtc{t@g%h@%ﬁhnfl IrStrH§ Olhnthb fin % ?t‘\%e presence of

over t m nut 68
vetititatbat tepresstora onat ef ﬂfﬂhmkasekb-mmm@asp’emismfdbatmvﬁntlon (the

d t
oth[rqﬁ p[@& Qﬁd%&k%gggarq%%t@ﬁ gofég%ggo e gﬂ@o%(gse&%séc%d it took longer

to inhale the drug when the simulation was run with the Ventilatory Depression

Model enabled — inhalation of drug in Figure 8 took place over approximately 17
minutes as opposed to the 10 minutes in Figure 6. This was due to a reduction
in ventilation caused by ventilatory depression, which limited the patient's
exposure to the opioid. This reduction in ventilation was best illustrated in Figure
9, which plotted Ventilatory Depression 2060 over time for the same simulation.
Ventilatory Depression 2060 was depressed by' 50% in Figure 9. When
compared with the simulation shown in Figure 7, the patient was breathing half
as much (in Figure 9) as when simulation was run with the Ventilatory
Depression Model deactivated (in Figure 7). This simulation shows that the
change in ventilation caused by the self-limitation of opioid uptake offers

considerable safety to the patient.

(d) Output of the model when run with Ventilatory Depression Model and
Sedation Model enabled

[0227] The same simulation (Formulation In Inhaler 3020 = 5 milliliters at

time = 0) was run, this time with both the Ventilatory Depression Model 5030 and
the Sedation Model 5040 enabled. Output of various parameters were plotted,
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absorption of drug fromthe lungs into the systemc

circulation. [0225] Figure 7 shows Ventil atory
woepsassicon 2060 over tinme, for the same sinul aCT@A2004/001578

(Ventil atory Depression Mdelg-and Sedati on Model

di sabl ed) . The graph out put indicated that patient's

ol B S5SRRFE S RSB TRA L ER20 (L

)dﬁﬁﬂeﬁéhﬁﬁlaﬂéﬁslrﬁl@ﬂgé 0804PRLME M/t @ Yhé- dr@séhdfwtcﬁsventllatory
in ventilatiron was reversed as carbon djoxide

démesslomandqsedaémam%ﬁeee ip|the figureyrafterff Mipges 4o inhalation

sté@%‘gg 8%"2@‘%@ f’ﬁl@e ge%)s:@g\ﬁ/%% ?ﬁéetftfxb;%ﬁt%?{?ﬂhs becoome  sedated, and

colfin bl I@h?@rnhol?ﬂfthé inkiador tmtheemblutm(summleﬁedcbmel avsr&edatnon State
patient to risk frominjury from hypoxi

1G40 turBingotiem Grieri)r uAt Hie Hlm;%n@rpmr%v@teﬁesrr@ﬁ@%ﬁ fémained in

bS50 PR 60 e S, St g o

désddrdriainedainnthel inhalehanslawas mmttmlaﬁledarlaguteaﬁé pjots Ventllatory
ForrrulatlonlnlnhaJa 3020 = rrg liliter
Depitesgiono L2068 fliifg 3 ‘?atl'fﬁ?e?%“rﬁ%r% g A1 '?ﬁe Méximum
r )
dé;dr%%l?nﬁ)fs\}?aﬁqﬁe gfé@ ulﬁ‘l*l@flﬂeoﬁ '\Aﬂaé Qﬁﬁiiozdrlngl%fyplfsg/dt 'Vghér) compared
wittn Fagwe 9 dingl irRiprovet saiety fnqnn lthmgplokl}n'@l-@edrfs@dajlon is evident.
deplctlng t he anmount of drug in the lungs, in

[0228} ence Ghus,erftxampler 2, d@sr dbusteated ofe Efguﬂ’% 5\,\,5hrough 11,

d%glpﬁatl étré]d&\r?%gﬁ Séﬁ'ﬁgltaigrsrgh% rbgfe%c[fé/ %(Ndl Qtfi‘ve(rg%ﬁ?é’tolﬁ %he self-limiting

syErRcsiasbioititddiioely, her@ecribed hekehe the drug when the
simulation was run with the Ventilatory Depression

Exddele 8nAnnsidisiratiohaf &vd opiadds drug in Figure 8 took
pl ace over approximately 17 m nutes as opposed to the
[0229Fi nut ekn this Fingulaiors. thewnedelaearameters do nebtﬁi‘ﬁ%ﬁnv gpecific

o AR Gt bRl SRR S Ao S e L 9B aspoct o

thieepidplosed dydterniti dmbidodelwasy. batle siMulatioratrextislsrand measures
Figure 9, which plotted Ventilatqory Depression 206

60
thevéame nvaribles; Haiss me domanaapinid %ﬁppﬁla%r'gompﬂsmg of two

AR A B PR AEO ) & gule 7 e

> | f h Fi 9
rBYRahgradegRidieach | Be el (in Bae 9 e

[ essi opjdpel2 daadskuatral tivd dpicidsearéd)contbingd into a single
| ati on 'shows t hat the changte in ventilation _caus

oplplct nencatrationnfor the 610d8d. Ipgheitwopiiaidesigiuiatian, Rapid %pIOId In
Effect Site 12010 represents the concentration of rapid onset opioid; Slow Opioid
In Effect Site 12020 represents the slow onset opioid. Each of these is
determined in parallel and in the same manner as in the one opioid model
(Example 2). However, each is determined separately, then combined to
determine Combined Opioid Effect Site Concentration 12030. Combined Opioid
Effect Site Concentration 12030 is calculated using the known relative potency of
each opioid, Relative Potency 12040. Combined Opioid Effect Site
Concentration 12030 is equal to, and depicted as, Opioid in effect Site 1010 in
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consi derabl e safety to the patient. (d) Qutput of the

nodel when run with Ventil atory Depression Mdel and
weedstioszasy Model enabl ed [ 0227] The same si mul aPCDITA2004/001578

(Formulation In Inhaler 30204¢# 5 mlliliters at tinme =

0) was run, this time wth both the Ventilatory

Depr essi on del. 503 nd_t he Sedati el
theiiBI RO CaIPHEE BHSHAIPd BLE e ik B, o andHilres 174, 178
ar@ ¢vEed, over tine. Figure 10 shows the time course of
ormul ation In Inhaler 3020 (Line 1) and Fornul ation
[0281}ungs Bighted hBAS13B and tiBE, palesetvgettudr, Wiestrateather glgorithm
depressi on and sedation. As seen in the fiqure, ftgr
fo the woeapigicLIatieh HBURYAN S { & AREaTRARSPS 81 evign dodel 13010,
S a tjce e d dgga i i
iR, 87 ghac RIS s By MBQe BO1e, 3R as?Besoribed in
Examnpldsat eddis: reePharmszctkinatic Sodelkel 3@RMcomprising & eambiation of

twcslnetandes: o b RRATEIacORMERCI MG 802y se tosdh€ pid opicid, and
orﬁé‘e%ﬁ% Slovit (ie&?jﬁ %c‘h' ¥s M iétfied he FGHRsd4 dgACand SBiland as

mai ned 1n t er and was not ihhaled. Figure _
desavibedVien Exaenpdesy 10end & sAnch eadBoudningnip paeallel, tBen combined

oSBT 8okl GRS, 20 B T AoBLEE 3P40 ertiatory
D%E%Wdehsﬁw}ﬁsemastréta@ i P as@FrRjures 5AMNASB, and as

| Ol uced sedation is evident. [0228] Thus, i
desaiieideircExamplas fisanchPea@ndna Seglatios Modak &A4R, £8, illustrated in

d t il at | , :

LR Al P b P B 2.
IR+ 1+ T8 ARt St ¥ b 38R 1138 an 13C can aso be
désaridert bgnthet futlomhete Imathenmaticel snatielnas repféssrttediriy the Stella
speci fic opioids,, but have been adjusted to
pmmmat@m%@wf%%@)f -liniting aspect of the

r opo m,of opi oi d del.i v T [ mul ation
Bﬁﬁa&éggné@@g%&r es the saBdr}:ealvnaTeCII%Qszed;;O &hi s tine f%F)
(BRa9RI O/l 6 s&RMOS A 16 BRI SNNG 02f0 )t wo adi f f er ent

opioids with different pharmacokinetics. (a) Building
INITWBrapnoCd2nmaddl0. =] G23e]l ikieg®mOg_P274ddr esses how t wo
opi oids are conbined into a single opioid
INBhEWAtrati on for the nodel. In the two opioid
simulation, Rapid Opiaid In Effect Site 12010
Br@pRefdAFT [ % SAEeALPZA R e 'Pdpi d onset opi oi d;
1k 2bOPWoPLBHE + (Plasma_co2_2020-Brain_C02_2040)

+

I

Formulation_in_Inhaler 3020(t) =
Formulation_ in_Inhaler 3020(t - dt) + (Fill_Inhaler_ 3010
Inhalation_1_ 3031 - Inhalation_2_3032) * dt

INIT Formulation_in_TInhaler 3020 = 0

INFLOWS:

Fill Inhaler_ 3010 = if time = 0 then Dose_3050/DT else 0
OUTFLOWS:

Inhalation_ 1 3031 = if Sedation_State_1040 = 0 then

0.25*Ventilatory_Depression else 0
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In Effect Site 12020 represents the sl ow onset opioid.
Each of these is determned in parallel and in the

weaos/osmener as in the one opioid nodel (ExanpPbPeT/&A2004/001578

However, each is determ ned sgparately, then conbi ned
to determ ne Conbined Opioid Effect Site Concentration

12030, .Compi Opi oid ,Effect Site Concent Lon 12030
%néaggF&ﬁpg?eg%gging“théELno%ﬁd?iﬁ%ﬁ+§EaB%f£ﬁ%9 of ealh then
00RIsONén tRebdiolrye DR:@aA ok GAfk0 @arddl ed Opi oi d Ef fect
Site Concentration 12030 is equal to, and depicted as,
Oiodidd inn E€fffeedt SSittee 10AD0 )Nt he two opi oi d nodel s =

illystrated in Figures 13A, 13B, 13C and Fi gures 17A,
Opigigndradet §%]te|:i]d)l}1ﬂe(st 3At)13B and 13C, taken

[ iLIu te t al.gorithmfor the two opioid
I#@%EngPﬁﬁ%ﬁﬁ%@%ﬁf%%%—éﬁgﬁﬁﬁggéé§EQ% Devi ce Mode
ph3Q43, c8gubyalogrty to and i ¥i ce Model
5010 ﬁhg as degcgibed in E&gﬁ%@%gé@ﬂﬁ%gzgf a de) ¥
(PPar Prodikiciebinc 20de| -13B28icoRprEmbNngOa_tonbildbdtiacdion 2020
of i,nst ances aqf. _the Pharmacoki netic Mddel 5020
"(gﬁéwgg?mﬁﬁgtﬁ§&A§qg&ﬁoﬁd, and one for the slow

Ol a as nbly usty at i_n F-gur 4, 5A and 5B
I§ﬁ§°g§£§g§€??g§%ogg Exgﬁ%%ign 73?% ,éi%d each running
i pacal | el , then conbi ned using the Two Drug Mde
13050, as described in Figure 12; a Ventilatory
cDepresgiuer idhdeln 19030, aspibtustfighed Hahdi gide draeduation
Fi gures 5A and 5B, and as described in Exanples 1 an
herand & Sedation Mbdel, 5040, as illustrated in
gure 2. Figures 5A and 5B, and as described in
OE&%ﬁBﬁéé 1 and 2. [0232] The nodel shown in Figures
d C.can e d ri bed by the B
B%%@Pc%ﬁﬁﬁﬁﬁagééngﬁi&&ﬁkﬁgggpﬁ;gigpepresented in the -
k8velba_poogrdriargal @oguage o-seuhiee coede)doBrai n__ CO2_
2040 (t) = Brain_CO2 _ 2040 (t - dt) + (Brain_Plasma _
COQ2ElEgdnkbibrat R6A0202 0) * dt INIT Brain _ CO2_ 2040

LT Aadite MOt L M B
Réggﬁﬁﬁga8_Ef§Eékgﬁ§Fg§% 204%?£}dEDrug_Effect_Site(t - dt)

atron_in_| 020
+ (Rapid_Drug_Plasma_Effect_Site_Equilibration) * dt

11

INIT Rapid_Drug_ Effect_Site = 0
INFLOWS:

Rapid Drug_Plasma_Effect Site_Equilibration =
(Rapid_Drug_In Plasma-Rapid_Drug Effect_Site)*.693/1

4

Rapid_Drug_In_Plasma(t) = Rapid_Drug In_Plasma(t - dt)
(Rapid_Drug_Absorption - Rapid_Drug_Clearance -
Rapid_Drug_Plasma_Effect_Site_Equilibration) * dt

INIT Rapid _Drug_In_Plasma = 0

INFLOWS :

Rapid_Drug_Absorption =
Rapid_Formulation_in_ Lung*.693/1*Rapid_Drug_Concentration

OUTFLOWS :
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For mul ati on I n_ Inhaler _ 3020 (t - dt) + (Fill

Inhaler _ 3010 - Inhalation _ | _ 3031 - Inhalation _

W@ 20808269* dt INIT Formulation _ i n_ Inhal er PCT8A2M4001578
O INFLOWNG: Fill _ Inhaler_ 30k8-= if tine = 0 then
Dose 3050/ DT el se 0 QUTFLOWS @ Inhalation_ | _ 3031 =

TS PO e
R%ﬁat [t} S‘P}%%Eé% e Q then %qﬁ@ié;{ L 1%&1” y _ =

pressi i ol a_ ect Site 1010
(Repid_| inugl_dnj P a shfef-®etpid_Birtug FFFRo(tt_S4 tat))* .14H3T7 1
pioid in Effect _Site 1010 = 0 Plasma_CO2_ 2020 (t) =
RPbadnEoomR 12td2n_(n Lugo)(td (E€02RPpoduEprprlagion. in Lung(t

-265058) AR P e Lo 95 D i dd R b ot

RProdyct 010 = { Place right
TR R e e s D Lo

TREFabfskl asma_C02 _Equi l i bration 202 0 = keO_CO2_2073*
(Plasma_CO2_2 020-Brain CO2_2 040) CO2_Elimination 2

INHA1RAsm 103D 32 029* kdlfCOX&lation_State_1040 = 0 then
072*Vent| I at ory Depressi,on 2 060O
OR&pi Y eOEEE SO 218%p1% Drug Ef fect Site

EJEE g%ljr ug_Plasma_Effect _Site Equilibration) * dt

R%EEB%B 2RgJEfifect _Site = 0 I NFLOWS : =
E Dr% Plsasjr?s Ef feet _Site Equi libra tion =

Rapld Formulation_in_ Lung*.693/1*Rapid_Drug _Concentration

Sedation_State_1040(t) = Sedation_State_1040(t - dt) +
(Sedation_Evaluator_1030) * dt

INIT Sedation_ State 1040 = 0
INFLOWS :

Sedation_Evaluator_1030 =
if (Opioid_in Effect_Site_1010>Sedation_Threshhold_1020)
then 1 else 0

Slow_Drug_Effect_Site(t) = Slow_Drug_Effect_Site(t - dt) +
(Slow_Drug Plasma_Effect_Site_ Equilibration) * dt

INIT Slow Drug Effect_Site = 0
INFLOWS :

Slow_Drug Plasma_ Effect_ Site Equilibration =
(Slow_Drug_In_Plasma-Slow_Drug_Effect_Site)*.693/10

Slow_Drug_In_Plasma(t) = Slow_Drug_TIn_ Plasma(t - dt) +
(Slow_Drug Absorption - Slow_Drug_Clearance -
Slow_Drug_Plasma_Effect_Site_Equilibration) * dt

INIT Slow_Drug In_Plasma = 0

INFLOWS :
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*

(Rapi d_Drug_I n_Pl asi na- Rapi d_Drug_Effect_Site)
.693/1 Rapid Drug In Plasma (t) = Rapid _Drug _In_Plasm

wOR00s/0d2369 + ( Rapi d_Drug_Absorption - Rapi d_Dr ugCT/CA2004/001578

Cl earance Rapid _Drug_ Pl asma "Bffect Site Equilibration)
* dt INIT Rapid_Drug _In_Plasma = 0 | NFLOAS :
SRapi drDougbsofpsdiopt i on = Rapid_ Fornulation _ in_ _
ung* .693/1 *Rapid_Dr uq_Concent rati on OQUTFLOWS
S1RYFRrBMGG t1on & &vEe ™= 6R30IlE *Srley_Dy uRl_Cementration
o gg%/o g_Rapi d Drug Plasma_Effect _Site Equilibration =
P prd Drug In_Plasma -Rapid Drug Ef fect Site) .693/1
i r ' L un t) =
e =R eaPree s el Bl B 2lasmanacai/ang s
s03%_prigpid g Pkl @R) i h N ;
Rapi d _E%r_nuﬁg{n ?6%%?%%&6%91 Q% _g%ﬁliﬁ%%g tion
(PARWLBrienIn_Bd3sma-SiloSedatpoRfSeate S1@40 *= 60 3t/hen
.25*Ventilatory _ Depression else 0 OUTFLOAS :
SRABFECEI g2 Bb 8B pR-bHRE (Ripi T BdomuFatined aitd onl_uimyTung (t
ac 993/ | % i g ntration_Sedation State 10Q40(t)
P Sadb | o ST aaoto30 g . Shp R pPEetabat-BTuR e
ISedal owne&val Uat 96n1030) uigdt hNIT Sedation _ State_
1040 = O I NFLOW5 : Sedation_Evaluator _ 1030 if
INEpOWwed in Effect _ Site 1010>Sedati on_Threshhol d_1020)
then 1 else O Slow_ Drug_ Effect _ Site(t) =
Ihalp Doy Ef3622t Siteift Sedikien State 1040 = 0 then

o(Sheyrug Plasmp Effect Sige Fquilibration) * dt

OUTFLOWS::

[

Slow_Drug_Absorption =

S1ow_Formulation_In_Lung*.693/12*Slow_Drug_Concentration
Baseline_C02_2071 = 40

C50_2074 = .3

Dose_3050 = 5

F_2076 = 4

Gamma_2075 = 1.2

ke0_C02_2073 = 0.92

kelC02_2072 = 0.082

Opioid_in__ Effect_Site 1010 =
Rapid;Drug_Effect_Site+Slow;Drug_Effect_Site

Rapid_Drug_Concentration = 1
Sedation_Threshhold 1020 = 1.5

Slow_Drug_Concentration = 1

Ventilatory_Depression 2060 = (1-

Opioid_in_Effect_Site_lOlOAGamma_Z075/(C50_2074AGamma_2075+
Opioid_in_Effect_Site_lOlOAGamma_Z075))*(Brain_C02_204O/Bas
eline_CO02_2071)~F_2076
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INNT Slow_ Drug_ Effect_Site = 0 | NFLOAS :

Slow Drug_Plasma_Ef fect Site Equi libration = (Sl ow_
wonug/08286Pl asma - Sl ow Drug_ Effect _Site) * . 69BCTQA2004/001578

Slow_ Drug_In Plasma (t) ="$P6w Drug In _ Plasma (t -

dt) + (Sl ow Drug_Absorption - Slow Drug_C earance

(9 utpDt ofynfides mende rdrewtthslérﬁueﬁagz b'ebfé’ésllcS}ﬂMdHel LaHl:lTSedatlon

In_Pl = 0 | NFLONS Ab sorption
I\i)c%\iv Dré%PmJnl at Iaggal n_Lung* g oy
022 B BB prdagon agohleo so%v =5 millters at
tifsleow @Y weis Runsimairef fv?&'og%lél %5(%!' ‘JE# B L%ttr‘a‘? in Example 3(a) and

(Slow Drug I n_Plasma ect )
F'%@@ i@As%ﬁ gonl H3Cat Figure r14L3hmg\(s )he=time ¢ course of Formulat|on In

Ingla- 5@%&&[@% B sttt In Lufit] gapic Bhlokh '8 e 2), and

F IL oW i the f ventilat
oo S Oy 80 9,1 ey gf e
%Pffﬁs'Qé‘rﬁGQ“a@@@tjprepTQ%§lrmﬁauom)sboweddhat OUEFU@WBinutes of run,

PR Bl ' Rt IS el e odnyat arug in the
mhaletESWaQOT’Gt perféct@odmeQQSre(ﬂeetu’ig Rhe 288fed 6ré§@hlhg”ﬁnth opioid-
m%uced vent%atory d%%%észagn? 3After'appromma’tely 12 minutes, the patient
stopped inhaling more opioid, reflecting opioid-induced sedation. The rapidly
acting opioid was quickly taken up into the systemic circulation, which limited
how much accumulated in the lung, and produced a quick drop in concentration
in the lung when the patient stopped inhaling more opioid. The slowly acting
opioid was taken up slowly by the lung, which permitted more drug to
accumulate in the lung during inhalation, and the administration of opioid into the
systemic circulation for over two hours following the end of opioid delivery to the

patient.

[0234] Figure 15 shows different variables for the same simulation. In
Figure 15, line 1 indicates the rapidly acting opioid concentration in the effect site
(Rapid Drug Effect Site), over time, and demonstrates the rapid rise owing to
quick absorption and rapid plasma-effect site equilibration, and a rapid drop
owing to rapid metabolism. Line 2 is the slowly acting opioid concentration in the
effect site (Slow Drug Effect Site), over time, and demonstrated a slow rise in
concentration owing to slow absorption and slow plasma-effect site equilibration,
and a slow decrease over time owing to slow metabolism. Line 3 shows the
combined concentration of rapid and slow onset drug (Combined Opioid Effect
Site Concentration) As can be seen, the combination reaches a peak during the
administration of the first opioid.

[0235] Figure 15 and Figure 14 show different variables for the same
simulation run, on the same X axis (time). One can therefore refer back to
Figure 14 to see that the patient stopped self-administering drug at
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kel CO2_2072 = 0.082 Opioid_in E ffect_Site_1010 Rapid

_ Drug _ Effect Site+Slow Drug Effect Site
weapisthsxeng_Concentration = 1 Sedati on _ Thr eshooich2d@d01578

0 = 1.5 Slow Drug_Concentrat.izgn = 1 Ventilatory _

Depression _ 2060 = (1- Opioid _ in_ Effect _ Site _

aé%%@@%@ﬁ@ﬁ%ﬁﬁqé&@ﬁgﬁ%r_@ %%tgzrggggd %?tiholi'igure i1g,‘we can

r 1 I N , . .
SbBhCRERBRAR B pelane o fKhed 0T o Ao cpitht o e
chrpemisationnofNbeslovdydcSagarpioid vivisinégligikiplaid 2 0aB8$s.Thiowever,

15 P L 5Tt i S R g, i reictc
GG el e QLGB g P ala SpRd #.0pii I
Ther Rifeet Séa as theHapislly 3otiog(opinidl was elyninated ifepm|the system

Lun ' i~Ql 40 (Line 2), and Fornmulation In
”?_@th%ﬁg@ﬁ&?ﬁg%%)agggo ((Li Ine 3)? in the presenlce of
il at ' ds. [ Q. ~f R j ' ;
(GBI, FEHEIE 508, ARHGRECE0 08 of FEEAEH) B3dRSssion 2050
durihnglatti bftet deliyeryiafnopioitisewitiatire divote@pididi deltvieey aystem, in the
SRt v P 15 Thefoed i i bt gortiation t
a}?ﬁﬂﬂtirlnéiéh? EO%%‘F PaSbite. ﬁé%@ént%ﬁ%&%@,ygﬂghe description for

nut es e patient stopped inhaling nor pi ol d,
Figifreett)i thjs apivegldtalendted dyspatEntanAs The CQRIllligsadn,i ventilation

B, S NGR it MRS ety RlenebRhemaentiatiopyter tis
initildropN FhBerreayse ts hdttthele §5 ABW 4d 2WO2tdcelmulation in the
the lung when the patient stopped inhaling nore

papient 1. contisue [dsiving antilaiipropi oi d was taken up slowy
the lung, which pernit to_accumul at e

[6%5TIne | S SRIPPRGAIRHAEEIOHES S 19 bl FsRthd bolh the two
Sl SRR O R SBYELE T [T ek ' 01 8881 of R pavents
sensitivity to opioids, and limits the dose of both the first and the second opioid.
In this manner, the patient can receive an slowly acting opioid without receiving
an excessive dose. A combination of two opioids, one of them fast acting, can
therefore be used to increase the safety profile of either opioid alone, or, more
particularly, of the slow acting opioid.

Example 4: Alfentanil and Morphine as examples of opioids in the two drug

model

[0238] This example shows an application of Example 3 to two specific
drugs, namely, alfentanil and morphine, wherein alfentanil is the rapidly acting
opioid and morphine is the slowly acting opioid.

[0239] Figures 17A, 17B and 17C, together, encompass: a Device Model
17010, comprising 2 Device Model 5010’s, as described in Figures 5A and 5B
and explained in Example 1, and each running in parallel, but each modified and
re-labeled for the specific known parameters of the opioids alfentanil and
morphine (shown in Figures 17A and 17B); a Ventilatory Depression Model
5030, as described in Figure 2, a Sedation Model 5040, as described in Figure 1,
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patient. [0234] Figure 15 shows different variables
for the sanme sinulation. In Figure 15, line 1
wondisparss t he rapidly acting opioid concentraPCDITAR004/001578
the effect site (Rapid Drug Hffect Site), over tine,
and denonstrates the rapid rise owng to quick
arth I Dy Mutiel 2 abop ke sivecabée it FRjure 12duitredatadled o reflect
and a_rapid drop owing to rapid nmetabolism bsgs E.is
thetrpesifiofigscalfanianibaad dnephing fshawmoi Flgured 780+ Bigures 17A,
1 ¢ : . _ _
75 A PTG P8, L of The Prehotch 2070, BF ine Yentiatory depression
matiely apes0.ptThen mErdnetere @o8Snmf eftfee gphazimasokinetic models for
equilibrati and _a %Iom1decr se over  ti

n ow,ng to .
merRRNAanaaTiAN, 170203 266 BR8 UMK QXpRBPreAliontanil and morphine
ar‘époél%cffﬂlte@?%éeég{ie%i)}l :?a@cgﬁré@i%ﬁn%rﬂ% FlargrrHSdéIQﬂfFPaﬁ Rffect site.

tration) As can be seen, the

[omﬁ?i nat i pRe I @BEBEShawReRK Figlire801YAE 17@Tidpdsti7at can also be
of The first opioid. [0235] Figure 15 and Figure 14
desusibedi by éhenfollowingamathematicalhmoggheas irgpraseniad inthe Stella

t he . X [ ti Y
o ek g a8, Tk LB 78, SROARP BB Yifahfebre based on
exisling Rrat0is R these drugg. at approxi mately 12 minutes.
When Figure 14 is interposed with Figure 15 we can

ASeenthnai 1t hhsTnbblect el theAbbdnem sl _imsponsber ott he dt) +
rapi dly acting opioid the concentrati on of the
(5] RP?Xﬁe%aﬁ6g56ﬁb?g @a@gnegligible at 12 minutes.
he.overa Loid [ emaj.hed
i A s L S Ly

' opioid gradually replacing the rapid acting
O%%?%Pgsfn pioid In The Effect Site as the rapidly
1AL BOAOPEALENYAS eld m net ed feaartiba_system tkrough  then
Rapid Drug C earance. [0236] Figure 16_shows the ting
Atbansendl_Dereil 8o6PysPeprEssioR " Yebd ldGirry SRR raftern
egggigery of opioids with the two-opioid delivery
system in the sane sinmulation run. Figure 16

Ankbﬂégf@&g%nﬂﬂuhgy(t? al dechegsatimiveni takigqr to- dr) +
approxi mately 60% of baseline. As nentioned previously
(fnhai heAdésokeptiion RofeRtguié _UPrakeni & 5 wel |

tol erated by patients. As the CO2 builds up,

INERt PLAERSA s 18t HIPafed. Note that there was very
| it Ig_decrease in ventilation after this initia
IHFB@W The reason is that there is now adequate CO2

r@EEYTUARELRR L 1 he PALEAT 1Q.80REANREAELYING 0 then
vent I tation.

Alfentanil Dose_ ug/Dose_Duration*Ventilatory Depression
else 0

OUTFLOWS :

Alfentanil_Uptake =
Alfentanil in_Lung*.693/Alfentanil_Absorption_Half Life
Alfentanil X1(t) = Alfentanil_X1(t - dt) + (Alfentanil Cl2
+ Alfentanil Cl13 + Alfentanil CLe + Alfentanil Uptake -
Alfentanil_Cl1) * dt

INIT Alfentanil X1 = 0



[0237] As denonstrated by Figures 13A, 13B, 13C, 14,

and 15, in the two drug enbodi nent of the device, the
woiomstosziong acts as a ' probe’ of the patient' SPCT/CA2004/001578

sensitivity to opioids, and .d4gmts the dose of both

the first and the second opioid. In this manner, the
R@kiogRt. can receive an slowy acting opioid w thout

recei ving an excessive dose. A conbination of two

AQFRi-d$,i 10 f them fast acti . her.ef, . B

used to_iﬁ%?égse the safety prggFﬁgggpagrgﬁegﬂgglgﬁgll‘Kzl
Adfensanad, _Xiod firarteindldl &2y, of the sl ow acting

g ioid. ,Exanple 4: Alfentanil and Mrphine as exanpl es

Aot ephPBids-Gls t he two=drug nodALfpo2as] lTKBEAdLemphail K31-

AShaWs san 1apQ !« ' f mple 3 to two specific
drugs? naﬁbly?ag%ggﬁﬁggrﬁﬁgnd nor phi ne, wherein

aaktesbanil cre the rapidl yaagthpgnopi QbdraRd«ABERRLDS 1 keo-

IS the slowy acting opioid. [0239] Figures 1/A, 1/B
Ajhentael 1t gddridentenddnfads:. 08 1Dévifen tindd|_VI7010,
A;gng&ingg 2 Device Mddel 5010's, as described in

CGliF8815AURA@XSB and expl ai ned in Exanple 1, and each =
ALEBALAEi TN RAt kel 69BYR1eack Jandi | %%ﬁg;'&qoﬁe}i 3eh8ge

for the specific known paraneters of t op|615§
oafrfeowgni | and norphine (shown in Figures 17A and

17B); a Ventilatory Depression Mdel 5030, as
Aflésutabed_ChlFrgaiécRraniSedatnodeModal 15840, as

described in Figure 1,and a Two Drug Mbdel, 17050, as
AYESREABEY_KAR (Figur e 12 Bufenkahabekadtto refledt)the + (-

pfie-d al f.entani | and nor phi ne (shown in

Aiﬁ?‘gﬁ%ﬁ%@??ﬂg% SusEs 17A 178 and 17C expose all of

P8 RaraneLgrs 2970 gf the ventilatory depression
nodel , 17030. The paraneters 4080 of the

ophrromsoki netic nodel s for norphine and al fentanil
17020, are now fully exposed. Alfentanil and norphi ne
Abfeneachlrepesented by a 3 conpsedtmntl mersil Fanyvanil ®21-

del with an effect site. [0240] The nobdel shown in
A %%?%%137%? &géeaﬁani%eﬁéan al so be described by the

j mat i_cal el , _as.represented i he
A%f%+?%hggug?gg 'ng'langggg%gt%ﬂ%lt%ﬁéFant§'forgt} + (-
At érerdmanl | cangd rogphi ne are based on existing

literature for these drugs. Alfentanil __in_Inhaler (t)

INTAI Al eeragmni Li X3 Inhal er (t - dt) + (-

Inhal e Alfentanil) * dt
OUTFLOWS:
Alfentanil_cC13 = Alfentanil_ X3*Alfentanil K31-
Alfentanil Xl1*Alfentanil K13
Alfentanil Xeffect(t) = Alfentanil_Xeffect(t - de)y + (-
Alfentanil_CLe) * dt
INIT Alfentanil_Xeffect = 0
OUTFLOWS :
Alfentanil_CLe = Alfentanil_ Xeffect*Alfentanil Ke0O-
Alfentanil_Xl*Alfentanil_KeO*.OOl/Alfentanil_Vl
Morphine_in_Inhaler(t) = Morphine_ in_Inhaler(t - dt) + (-
Inhale_Morphine) * dt
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INNT Alfentanil _in_Inhaler = AIf entanil|l_Dose ug

QUTFLOAS : Inhale Alfentanil = If Sedation_State = 0
woOhers/08edeo ent ani | _Dose PCT/CA2004/001578

ug/ Dose_Dur at i on*Venti | at or4A9Bepression else 0 Alf

entani |l _in_Lung (t) Alf entanil _in_Lung (t - dt) +

I%lﬁl nt fe i1 4 * dted N T

IN,(}\I‘IPE% ani Il{e:en rﬁu@rﬁga—le&‘l IM hly%—%ee’jﬁ ledr\f%oani | =
outrfrrBedat i on_State = 0 then AIf entani | _Dose

ug/ Dose_Duration*Ventil atory_Depression else 0O
InQdlEl @B phidd entani |IIfp t akelatidlf ettead | ia Lun@* then

6?3/ Al f ent ani I%&o&%_&mﬁ%ﬁ tVeenta]t])ai;'_ory_DepreSSJ.on

el(g,gl foent anl I CI 2 + Alfentanil _C13 + AIf entanil_ClLe +
Alf entanil _Uptake - Alfentanil dIl) * dt INIT
MoAphamteariid IXings )l NFLOAS Mofbhénkatinl 1Ghg (£ Al f- dt) +

X2*Alf entanil, K21- Al fent an| I
(TPl SRER e BRI A1 B ¢

t X3*AI nt ani_| K31- Al fent anil
IN}eﬁ‘ %?)fr A Y ferltani | CLe = AIf entanil _Xef

nEeehieAl f ent ani I _KeQAIf entani | XI *Alf entanil KeO*
"001/Al f entanil VI Alf entanil _ Uptake =
Inﬁbﬁ%nW@&@hﬂﬂélﬂng . 698/ Al sedation_ state = then

entani | _Absorption Hal f Lif e OUTFLOAS : Alfentanll _
Mogphlﬂqgmoagu4mgﬂlQ%O%Nqsagﬂuﬁ@uquﬁYentl1atory Depression

else 0
OUTFLOWS:

Morphine_Uptake =
Morphine_in_Lung*.693/Morphine_Absorption_Half_Life

Morphine_X1(t) = Morxphine X1(t - dt) + (Morphine Cl2 +

{

Morphine_C1l3 + Morphine_CLe + Morphine_ Uptake
Morphine_C11) * dt

INIT Morphine X1 = 0

INFLOWS:

Morphine_C12 = Morphine X2*Morphine_K21-
Morphine_Xl1l*Morphine_ K12

Morphine_C13 = Morphine_X3*Morphine_K31-
Morphine X1*Morphine_ K13

Morphine_CLe = Morphine Xeffect*Morphine KeO-
Morphine_X1*Morphine_XKe0O*.001l/Morphine_V1

Morphine Uptake =
Morphine_in_Lung*.693/Morphine_Absorption_Half_Life
OUTFLOWS :

Morphine_Cl1 = Morphine_X1*Morphine K10
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Al fent ani |

Al f ent ani
wALiEsrv8 230
Al f ent ani

Al f entanil

X2 (t) = Alf entanil_X2 (t - dt

) + (-

Cl2) dt INIT Alfentanil X2 = O OUTFLOWS :

Cl2 = AIf entanil_X2*Alf entanil _

XI*Al fentani | _K®2-Al fentani |

X3 (t - dt) + (- Alfentanil _C13)

KBET/CA2004/001578
X3 (t) =
* dt INT

MOkbBRALANkD (X3 = &}ﬂﬂﬂ-ﬁy\%{ fenganil . C
entani | _X3*Alf entani | fen?i@) +- ]N?’orplﬂﬁe clz) =
di *Al fentani | K13 Alfentanll _Xeffect(t) = Al

iR Hhart

f entanil _Xef fect*Alf entanil|_KeQAl
O&%'Q‘ﬂélf ent ani | KeO* . 001/ Al f ent ani | _Vi

f

ef feet (t - dt) + (- Alfentanil _ClLe) * dt
hP&arE XePfect = O OUTFLOWS : Al fentani |

f entanil
Mor phi ne

PonlAbabes (1) = Morphine in |nhayer Lt o ghhyt Gesne pon.

al'e_Nbrphine) * dtINIT Morphi n
Md&}b}plpinneﬁxmmerpgiﬂémlm FLOAS :

| nhal e_Morphine = If

sedation_state = 0 then Morphi ne Dose ng* 1000/ Dose
MQI@%&mesﬁ3V§htHiﬁQﬂthnQ}XﬁEBSkomhﬂlse Q- Morphine_C13) =
dt[(\/orphl ne_ in_ L u.ng(t) = Morphine_in_Lung (t
nhal e_Mor phi ne - Mor phi ne_Uptake) * dt INIT

ToMPr Rb AL

He liHo- = 0 | NFLO/\B

sedation_state = 0 the

OUTFLOWS :

Morphine_C13

- dt) +

I nhal e_Morphine = I f

= Morphine_ X3*Morphine K31-

Morphine_X1*Morphine K13

Morphine_Xeffect (t) = Morphine_Xeffect (t

Morphine_CLe) * dt

INIT Morphine_Xeffect = 0

OUTFLOWS :

Morphine_CLe =

Morphine_Xl*Morphine_KeO*.OOl/Morphine_Vl

PaCO2(t) =
dt

INIT PaCoO2

INFLOWS:

- dt) + (-

Morphine_Xeffect*Morphine Ke0-

PaCO2(t - dt) + (CO2_Accumulation - CO2Equilb) *

PaC02@0

CO2_Accumulation =

KelCO2*Ventilatory_Depression*PaC02

OUTFLOWS:

CO2Equilb =

PeC0O2 (t) =
INIT PeCO2
INFLOWS :

CO2Equilb

P

ke0CO2* (PaC02-PeC0O2)
eC02(t - dt) + (CO2Equilb) * dt

PaC02@0

ke0CO2* (PaC02-PeC02)

KelC02*PaC02@0-
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Mor phi ne Dose ng*1000/ Dose Duration*Ventil atory

Depression el se 0 QUTFLOAS : Mor phi ne Upt ake =
woOhoghiszesy i n_Lung* PCT/CA2004/001578

. 693/ Mor phi ne_Absorption__Halsf _Life Mrphine Xl (t) =

Nbrphine Xl (t - dt) + (Morrhine_Cl12 + Morphine_O 3 +

i ne_ClLe + Nbrphlne Upt ake Nbrphlne G [) * dt IN T

SﬁéﬁﬁﬁPﬁeS%Pte (&)1 NFLONS : SstpHi Gre-Sta b - £) +

ggagghgg_ég wghﬁghqe*K%£ Mor phi ne__XI * Mor phi ne_KI 2

Nbrp ine__ = Mor phi ne_X3* Mor phi ne_K31 -
IN@TpBbaatlxh*&mbmﬁaneoKIS Mor phi ne CLe = Mor phi ne_Xef

fect *Mor phi ne_KeO - Mbor phi ne Xl *Mor phi ne_KeO*
INGQOWSBr phi ne_VI Mor phi ne__Uptake = Morphine__in

Lung* . 693/ Morphine _ Absorption__Half_Life QUTFLONS :
SﬁdﬁﬁhpﬁeEV@ﬂMa£0Wbrphlne _ Xl *Mor phi e if

c%%%”ﬁﬁﬁgbgﬁeiérkﬁ%g |%e cen%;%}fg%fgﬁéhﬁﬁaﬁgThreshol

dMVahghi neelis2 3 Mor phi ne_ X2*Nbrph|ne K21 - Morphi ne_Xl
*Mor phi ne_K12 Morphine X3 (t) = Mirphine X3 (t - dt) +
A@fewbaphﬂnébSDSPﬁrbmﬂHaHNLllwbrphﬂne _ X3 = O QUTFLONS

Alfentanil Ce = Alfentanil Xeffect/.001

Q.l

Alfentanil Cp = Alfentanil Xl/Alfentanil_v1
Alfentanil Dose_ ug = 1500

Alfentanil K10 = 0.090957

Alfentanil_K12 = 0.655935
Alfentanil K13 = 0.112828
Alfentanil K21 = 0.214
Alfentanil_K31 = 0.017
Alfentanil KeO = 0.77

Alfentanil V1 = 2.18
C50 = 1.1

Combined_Opioid Effeci_Site_Concentration =

Alfentanil_Ce/60+Morphine_Ce/70
Dose_Duration = 12

F =4

Gamma = 1.2

keOcCO2 0.92

Il

KelcCoO2 0.082

1]

Morphine Absorption_Half Life = 2
Morphine_Ce = Morphine_ Xeffect/.001

Morphine_X1/Morphine_ V1

]

Morphine_ Cp

Morphine_Dose _mg = 20
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Mor phi ne_Cl 3 = Mor phi ne_X3*Mor phi ne K31 -

Mor phi ne_XI *NMor phi ne_KI 3 Morphi ne_Xeffect(t) =
wohogshiszesy Xef feet (t - dt) + (- Morphi ne_ClLe) PETAA2004/001578

I NI T Morphine_Xeffect = O QUEFLOANS : Morphine_Cle =,

Mor phi ne_Xef fect*Morphi ne_KeO - Mrphine _

Xl * Mor phi ne KeQ* . 001/ Nbr phi ne VI PaCQ2(t) =
MPéE@E{l?—KlBtT Q- PA50R64Emul ation - OCREqui I b) * dt

I NI T,Pa =_P OA5 : (C02_ Accumul ation =
MRgPEbﬁﬁgﬁﬁﬁ“@a?gégéBgﬁ entil at ory_Depressi on* PaC02

. 2 CC2 Qi 0002* (PaCR- PeCOR) PeCOR(t
ubh i3 6'“??:85&53.|b) LN T pocp o)

MB§ x%@ kaLQV\@ 02698Egwil b = keCCO2* (PaCR-
) Sedat i on_State(t) Sedation_State (t - dt) +

MbSpﬂahep_KgEval OaOOEL)SB*Sl@tG INIT Sedation_ State = 0

| NFLOAS : Sedation_Eval uator = if Conbi ned_Opi oi d_Ef
Mbephing] KeOCenbefbbat i on<Sedati on_Threshol d then 0
else 1 AIf entanil _Absorption _ Half_Life =1
MarpbangnVl €elZ-BIf entanil Xef feet/ .001

élcgczeatoagl | Cp = AIf entanil XI/Af entanil WV

Sedation_Threshold = 1.5

Ventilatory_Depression = (1-
Combined Opioid_Effeci_Site_Concentration”Gamma/ (C50"Gamma-+

Combined_Opioid_Effeci_Site Concentration”Gamma) ) * (PeC0O2/Pa

CO2@Q0)"F

[0241] The simulation was run with a starting parameter of 700 mcg of
bioavailable alfentanil and 67 mcg of bioavailable morphine in the inhaler at time
0 (Alfentanil In Inhaler = 700 mcg at time = 0; Morphine In Inhaler = 67 mcg at
time 0). Figure 18 and 19 shows the concentrations of various parameters when
the simulation was run. Figure 18 showed conceniration of alfentanil (in ng/ml,
line 1), morphine (in ng/ml, line 2) and combined opioid (in ng/ml of fentanyl
equivalents, line 3) over time (in minutes) at the effect site following inhalation of
the combined product. In this example, drug administration has terminated after
90% of the inhaled drug was delivered because of patient sedation. As can be
seen, the alfentanil concentration rises quickly in the effect site (line 1) producing
a rapid drug effect. The morphine drug effect rises quite slowly in the effect site
(line 2), producing a slowly rising drug effect. Line 3 is shows the combined
opioid effect site concentrations, where each drug has been adjusted for its
potency relative to fentanyl. All three lines have different Y scales, as can be
seen on the Y axis, to normalize the effect site concentrations for relative
potency. As can be seen in line 3, the highest opioid exposure occurs at the
time of inhalation, and is almost entirely due to the alfentanil. However, as the
alfentanil washes out of the effect site, it is almost exactly replaced by the influx

of morphine into the effect site. A concentration at the site of effect of less than
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Al fentanil _Dose ug = 1500 Al fentanil|l _KI O = 0.090957

Al fentanil Ki12 0. 655935 Alfentanil Kl 3 0.112828
wahi@mszeh | K21 0.214 Alfentanil _K31 = 0. 017PCT/CA2004/001578

Al fentanil _KeO = 0.77 Al fentaggil _VI = 2.18 C50 = 1.1

Combi ned_Opi oi d_Effeci _Site_Concentration = Al fent ani |

25 r@%?%é%%iﬁrﬁga@cg/qg@ @@u va[?gng%&gy Sznéllgnl on the moprhane scale

{4 I i
N %%eﬂe?&’ﬁ’gfﬁa@%ﬁ“ﬁ%%m%e. BAcy) is considered

sthibtherapeetic/ a \yatient méll typicallygfeel 208igesio & it between 50 ng/ml

B OHS R ARt s, SIS 4HEES NIRRT 25 R 25 nom

((§h Qﬂé%@&\l%b&l@? ndeRic- FeBR5 ab@fl@hizgfn‘gf}'mF(drV th& alfentanil
PaCO2 = Sedation_Threshold = 1.

sg@l|).i | at ory _Depression = (1-

[0242] Figure 19 showed the ventilatory depression from the inhalation of
an alfentanil morphine combination opioid delivery system. As shown in Figure
19, the ventilation decreases to about 65% of baseline during drug
administration, and then recovers to approximately 80% of baseline as CO2
accumulates. Veniilation is maintained at 80% of baseline throughout the next 4

hours, as the morphine effect is sustained.

[0243] As demonstrated in Figures 17A, 17B, 17C, 18, and 19, in the
alfentanil morphine combination opioid delivery system, based on simulations
using parameter values taken from the literature, the patient self-limiting opioid
delivery system prevents administration of a toxic dose of opioid, and provides
for the safe delivery of a slowly acting opioid by combining the slowly acting
opioid with a rapidly acting opioid, and using the effects of the rapidly acting

opioid to limit the total opioid exposure.

Example 5: Clinical testing of Fentanyl preparations in human subjects

(a) Method of Preparation of Free and Liposome Encapsulated Fentanyl

Preparations.

[0244] Preparations containing a mixture of free fentanyl and liposome
encapsulated fentanyl were prepared by mixing an ethanolic phase with an
aqueous phase. The ethanolic phase comprised ethanol, fentanyl citrate,
phosphatidylcholine and cholesterol. The aqueous phase comprised water for
injection. Before mixing, both phases were heated to a temperature of about 56
to 60 degrees centigrade. The two phases were mixed and the mixture was
stirred for a further 10 minutes at 56-60 degrees centigrade. The mixture was
then allowed to cool to room temperature over approximately two hours.
Typically, each ml of the final aqueous formulation contained 500 mcg fentanyl
(as 800 mcg of fentanyl citrate), 40 mg phosphatidyicholine, 4 mg cholesterol,
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Combi ned_Opi oi d_Ef feci_Site_Concentrati on Gamra/

( C50AGai mma+ Conbi ned_Opi oi d_Ef
wobeais/836e Concentrati on Ganma) )* (PeC02/ Pa CeRERA20H/001578

[0241] The sinmulation was rumgwith a starting

paraneter of 700 meg of bioavailable alfentanil and 67

nmeg ,of bi oavailable norphine in the inhaler at ti 0 ...
ang| 18R: M4 retfianel, gy & solufigy RPegvatert F%'meﬁfo%rg%f% filling,
phﬂodra’ﬁ@r'\@(}ve?e RSBV 10 1B HoriliFAtBH. eFﬂf%mFér’P%ﬁtiéﬁko%ntained

t he concentrations of various paraneters en the
betwegrat3Soto wior aih therifgntanyll asstreeedrugonitbnthearémaingier in the

al fentanid, (i.n ng/m, line 1), norphine (in ng/m,
ePFﬂESLﬂ%EQJBé‘lé'&Hbi ned opioid (in ng/m of fentanyl
equi val ents, line 3) over time (in mnutes) at the
effect site follow ng inhalation of the conbi ned

I qgsiinentt Brétoes) exanmpl e, drug admi nistration has
(Kt@erm nat edlba ter 90% of the inhaled drug was delivered

use ofTheatpeBbdeRdasi Othe ABlI6RThPCeR@APle t Sfows how the
al fentanil concentration rises quickly in the effect

agminisfraiiore of p pddiecPhifea anshbliposnnog escepsulaterhéentanyl through

G By Y0BTSR IS k8 Rl o e
bldoustrdairs aplotiratt dide caffdvised inpoxial 26 gsterally gbut not always)
concentrations, where each drug has been adjusted for

precedestanegmpeleace. dizzigese At sadatiomdyring thesadministratianeperiod.
' t .Y scal. b he Y axis, t .

0248 | 7e HoRERGr YQurfedr (ibieie ofres ragied Bl ifdle: G mutile

dB8EENEY a ASixIERE b e eﬁtn{inliﬂ)ésﬂﬁné%’er?&h?zs%!eﬁ@&s%n?ésﬂﬁ"tﬁ’sing the

3
exposure _occurs at the tine of inhalation, an
Agroldipserif | Nebylizéebreath-aetusité@d naninivith KHompressedisait et at 8

bR cpiERdEsf oty hefiod vof Frbiiaaeas st a o mi

v

obtHeAlixtaid f fréeﬁglawgraﬁcanﬂ)mrﬁé enbapsiilbRP{e®hf Rttar®fl and the
| ess than25 ng/ on the alfentani|l scal e (equival ent

sulgjegts. werg/insiragietinte halmingdulized «rygdumtilsthegdayiceno longer

| . . . . -

okl G5B 160 BeBiol 008K AL AP RIpHRRApbfy or iz

diderg tlhe dhigsiion pjéﬁedtvserbeérvmmaééd Q) cohtinuel td @Rlf@imihister the
on the alfentanil scale), side effects between 75 and

diugsunidl/the nesnlizerevas f‘@rl@%gﬁﬂg%nﬁiﬁtl?ﬁ ap1asplb i lesewr smples were
c@%ﬁ ]1%80% \A'}h%( ?ﬁmﬁﬂ?&r@!c{n:?}e‘?‘i% anf3dt) thd 92 %]o%se following

e ven ory depression from
initretiinadfi admirfistaaticn! tenicmitior plasmph ifertangirbomednit@ations. Subjects
o?ioid.glelivery system As shown 'n_Fi%Hre . .
were monitored for an))/ adverse events, including thanges in respiratory rate
and hypoxia.
[0247] Control subjects were given intravenous fentanyl.

(c) Measurement of maximum plasma concentration and end of dose plasma

concentration

[0248] In order to determine whether subjects could prevent toxic levels of
drug by self-limiting the drug before a toxic effect was exhibited, maximum
plasma concentration (Cmax) was plotted against plasma concentration at end
of dosing (Ceod) (Figure 20A). Ceod was found in most cases to be within 80%
of Cmax, indicating that the maximum concentration of opioid was not
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19, the ventilation decreases to about 65% of baseline

during drug adm nistration, and then recovers to
wapprses2asat el y 80% of basel i ne_as CO2 accumnul aPeFT/CA2004/001578

Ventilation is naintained at"%80% of baseline

t hroughout the next 4 hours, as the norphine effect is

sihHicaintg chighél2hah the cdntempaticr atltHentimeaHearibjeobstdpffad taking
Cl 18, .and 19, in the alfentanil norp

h
the @piqidt i [dHS dpilvstark @onyast tasig éﬁmtrtbla%éul 'géﬁ (Figure 20B) where
SPhBH bR LR PP AR T TSP oL B BB AR gnitcanty

higtﬁrethanp@%cm‘]t <) hﬂiﬂﬁdiu%assés aﬂiincreaéeg s‘l.abectydndm];wionf?f o\llaug by the
opj oi d, ., an rovides for  t safe deljver a slowy .

Sabietisy SR SYICEBIRNGN (R 1Rsobing deylcitiacis) oSanaeaioid will not
e siAflcanty ARkl e SRIBHCIPERRIT I SPBI TR iices that,
ireapdsbhaled épiaidhioembiationi ofi ihel diselssed gooteRatiamyphver a relatively

at i ' | BCL S |, h f . .
RS o o e AR ok Rk oS sblaurkan oo, o
nPe{)@rﬁﬁﬁhﬁébﬁH&tra{tB%Acﬁ]opﬁfiG Ralet H')Pfh% S@jbey i§'IiR9Ié/9aI§6 KbH1t6xic.

of free fentanyl and |i posone ‘encapsul ated féntanyl

(the Deternsipatiedl obiime pdinig fensigklutieetd andkade effbéts an
aqueous phase. The ethanolic phase conprised ethanol,

[0228]any| dmtarder fopbulsipbist fod effetidlaly eselfrtitratbobiglet effetts of the

d-ézgeosi:g ﬁgg?qga%%gg%?gﬁ%@ggﬁévﬁg&l@o&w i? | gérteisg%n should occur

b%%@%é‘bwsét 8f toRfeBHechS TS){iﬁ%ﬂ‘é.@%r\\ﬁéﬁe 86 IAAR exPefiment as

phases were m xed and m xture was stirred Tor
blodduhypaxia 1esultingties bibod dxyged antaradiondawey thate 90%hef normal

mxture . hen,al] o to cogl .to roomtenperature .
1), e ShiPE: acersr SRt WRasheprh AR Gitlparore toxic
effBétsf tind toPgl BRRUSHEA! Ahd Akl & dtidicfRet, wegmstted against time
fentanyl (as_ 800 neg of fentancilgtmtrate), 40 ngy

tq)ﬁaémfgdcp&g/(laaure Ad). Forgnyrencof dose time, time tegside effect was

' } O e 1N ' . ter _.
oAy odt el I IRt o bl iy hF bichipéts) Bfaziness or
vehilaidry depreysiorranalyspoeip plakiel suTsreconiitheaiind ef e fféct.

to 45% of the fentanyl as free drug with the remai nder

(é)n Deterndnatiqrs of edreelafiombetvween {dXjc difecttanehside effeot ol
0245] The procedure of the foll owi ng exanpl e shows
1t he In order for subjects to effectively self-titrate, a toxic effect should

be almost always preceded by a side effect causing (or signaling) the cessation
of administration of drug. Figure 22 shows, for the total population of the study,
that side effect is closely correlated to toxic effect, indicating that it is extremely
likely that a subject exhibiting a toxic effect will have also exhibited a side effect.

[0251] This example shows, in a controlled trial of human subjects, that
(1) a toxic effect is almost always preceded by a side effect, and that (2) Cmax of
inhaled opioid, in the dose profile given in this example, is approximately Ceod.
Therefore, a subject who stops administration of opioid when a side effect is felt

will likely not reach opioid concentration levels required for toxic effect.

Example 6: Testing various nebulizer technologies for optimum delivery of drug
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adm nistration of a mixture of free and |iposonme

encapsul ated fentanyl through the Iungs of a patient
wdebiswszms9t her apeutical |y effective concentrat POIKARGI4/001578

t he bl oodstream and that sideggeffects of hypoxia are

generally (but not always) preceded by somol ence,

di zzi ness or sedation during the adm nistration

peri od. [0246] Heal t hy vol unteer subjects were treated
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e, Byer & eied Shlieqtie Vendapry dcereshion il i e 5 12
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and the subjects were instruc
isia ngedrioibalanee riée ot opioid depastiorgendnatia w&ln tis® rat @f onset of
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nebul i zer was no | onger generate aer osol

Iss aaprenienits safelyl and effectiraty giministexdi ovesta 4620 mnlnute period.

T8 asast Mflnl Be | AStrmialSH" 5t BrmORS aPR ' RVIcd” sdlection, the
pedogamiceof enelevidebyvRktf péﬁfc@lafof%lrmgraﬁti@nf 64n Yy charactenzed in

dverse events, including changes in respiratory rate
ViliRe h 69#%(‘””9(?2@7‘]‘“%““5}%@6%% tastingvefrreelyllizen technologies for
Vv Rlé?f; ( asurenent of maxi mum
%{%g@a&%]lonc Bf qu]%@nthgnlg% ér\ﬁ of dose plasma
concentration [0248] In order to determ ne whether
[0288] ect s Eoepaiapoewmmtalmngcalmmre of frdeuteranyl and liposome

d t ffect was
o B4 BN o a1 PEksried sRbereamPBIO %m“b%a Example 5.

Fiﬁ'a%?éiﬁré&?dé“ééntﬁlr%%i@etﬁ%@ﬁ el Pazfé"/o '?)f"l‘l’ie aﬁ%1 oﬁ“%é‘ rug with
Ceod ure 20A oun SEes
th@s'emeuméear IBGEE@Ihc@alxlatedfda(ﬂML ng t hat t he maxi mum

concentration of opioid was not- 5 - si gnlflhcant Iby t

' t t ot et t.he su C
1028400 Tfe nARCREHT o dadR Binecttt, AED: ot a we
establisheccmethiod f@%e&éét&nﬁﬁicﬂﬂbﬁtf@&ro‘gbrgéﬁnﬁé’d’i‘r%ﬂ 8 nebulizer.

ent an exhi bi t ed

(&H%H{JP tgr%%g"oi’rs@ﬂwf@ %t?@ywﬁ%H@tSthMmatMns aerosols.
Uhl'f@dl 8tdt8s PHArMAChE8SRI RSBk, MB, LhbEH13" Gfitdd 8 Federal
Drug Administration. 1998. Draft guidance: metered dose inhaler (MDI) and dry
powder inhaler (DPI) drug products chemistry, manufacturing and controls
documentation, Docket 98D-0997. United States Federal Drug Administration,
Rockville, MD. Mitchell, JP; PA Costa; S Waters. 1987. An assessment of an
Andersen Mark-ll Cascade Impactor. J. Aerosol Sci. 19:213-221). A variety of
parameters, including the rate of opioid output, the MMAD and the fine particle
fraction, can be determined with this technique. The ACI was operated at 28.3
litres/min at ambient laboratory conditions to test commercially available
nebulizers with the formation. The MMAD was calculated as per US Food and
Drug Administration protocol 601 (USP 26-NF21-2003, Chapter 601: Physical
Tests and Determinations: Aerosols. United States Pharmacopoeia, Rockuville,
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b) Mist¥dNeb i n Fi gur es 23 meg/min 17 meg/min
c) OptiMist 26 mcg/min 12 meg/min
d) PariL.C 42 mcg/min 37 mcg/min
[0257] This experiment shows that the rate of inhalation with a specific

fentanyl composition (as described in Example 5) yields a range of rates of
deposition of fentanyl to the deep lung. Very good correlation between
theoretical and actual deposition rates was realized with the breath-actuated
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Follawingathe surgery, with the patients recoverlng in the Post Anes he’uc Care
Unit (PACU), the patients were treated with a mixture of free and liposome
encapsulated fentanyl using the AeroEclipse™ Nebulizer breath-actuated unit
with compressed air set at 8 litres/minute when they first indicated that they were
experiencing moderate or severe pain. The patients self-regulated their dosing
by voluntary inhalations from the mouth-piece of the AeroEclipse nebulizer
charged with 3 ml of the mixture of free and liposome encapsulated fentanyl.
Patients were instructed to report the time of onset of first perceptible analgesia
and stop the self-administration at onset of effective pain or the onset of side

effects. Subjects not achieving effective analgesia at the point the nebulizer was
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collected in the ACI that deposited on plates with

cutof f paraneters less than 4.7 mcrons. The anount of
woab@lszged oi d drug and lipid carrier depositedpomcAhe4/001578

different stages of the ACH .wgs determ ned by HPLC

anal ysis. [0255] Various commercially avail able snmall

M R 305 G P SR Bt or
abiafionb(B iy tﬁé’ﬁﬁktu@'@f“fre@tﬁfmﬁf‘o; Bmec‘@ﬁéﬁjﬁﬂateé'?é*ntb}“@l In this

conventional small vol une nebu ers, the Msty
maxnesgipatierisHyere, hiva effeChr given Megatmenbalal, llbltgm'andPahmt self-

=Rl KPP Pl fvonBrthe SRaoL SPRiNG o nebuizer

witheer thagal orf ledrRisp bltaRy fid mtwbné‘c@rﬁf&nélnew&&ennl tHB# mouth
was cal cul ated using the experinentally determ ned

Wiipi aitighb seplandaactivating/tbe g)ebuliget dprm@dh@ynsmzat:on period of a

o B eIl 1. AP el praront oo

tréatrfﬂermalrttil tHey reaghéd @naldddib6] Heal thy vol unteer
subj ects vvere treated with single doses of a mxture

ree a osone encapsul ated fent anyl
i

[ ]:Jr i bed He NP menigredier aay AENETSRNAN ;éF‘@'U(M@ changes
irfI R iraRRY rafeoNR h&b&qgetlfét?n‘?se wihe bigy a%lﬂfé“&%&ﬁe%lew level

nt anyl ~ deposi t to the "'ung cou
ot rair| as e"anone" it HmlldVef’mgdereﬁee of "eet/er\eé,r yoebbret @nal after self-

f VO., A_S ry of the results are, shown .
TSP oS ezt aites el of T ifinddt s bSterience of
biddkﬂﬁr@hgﬁﬁamth a specific fentanyl conposition (as
described in Exanple 5) yields a range of rates of
deposition of fentanyl to the deep |ung. Very good
el at i BHIB@t s stngis rdaisiet a0r aﬁug@ctr@atmeeio@enoabrstudy,

[

el iol <EReLE el VOB D HFIAE) e 8laiBR to a
patents iat any tifrothey @xpelishted bsikiwenghpai.et i cal  and

actual was observed for the conventional snmall vol une

S B Sy T o
VA ey ERESHT Sty B! i hovere 040 post.

owahwqaam irotheo PAGHU oi Ratigntslirépertiagtoripi*niild" rpaist-operative pain
ed W|th a different nebulizer may be devel oped

W?@ {e}r §ddesired rate of deposition of opioid, and .
[&%ﬁfr ! besQ@%”S‘ft tlﬂ(édtreatment eligible patients successfully used the study

drug to rapidly achieve perceptible analgesia soon after commencing
nebulization, and were able to self-titrate their dosing to the point of
adequate/effective analgesia via stopping the nebulization. The mean time to
first perceptible analgesic effect was 5.2 minutes. The average time to effective
analgesia was 22.8 minutes of self-administration of drug. At adequate/effective
analgesia, 5% reported no pain, 78% reported "mild" pain, and 12% reported
their pain subsided from "severe" to "moderate”. Patients that achieved
adequate/effecfive analgesia were monitored for breakthrough pain. 17% of the
patients required no further opioid during the 12 hour study period.

Breakthrough pain was experienced on average more than 2 hours after
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experinentation. Exanple 7. Cinical testing of
wquelsioszdeh ve ef fects of Fentanyl preparations pOT/OAZ®3/001578

subj ects: [0258] The fol | owiA§-exanpl e shows how t he

anal gesic effects and side effects of an appropriate
coMpRiRH 6F MAalzioRLbR BRI of Ahe fatieperahdl reqliredtininistration of

del'i ver therapeutically effective amount of anal gesic.
inteGreppuPMYPBRIAL: ons containing a mxture of free

fentanyl and |ipgsome encapsul ated fentanyl wer .
[026B1ar ed (41t PRRENISdreRIAdCRa Y 1epRHeR Prisetiie Fbalgesia after self-

3 q [ ; [ %

afnfifstrBI SR flo RIS g e ERbefforiRdAbiioeifdohs 84% of
thepatients atappelrsetf-adminigtestz ofrirsiy-veheryiheyl repained atsatisfactory

el Rralgsac ith i PaxeaRanBpad sl iambRyptaf 2 Bhug shorty @
iRt ey @bﬁﬁg?ar’{& Fébdr!?r‘igja?aé’ iR Ustidce (d18adiheds of Rausea).
I ntra-operative opitoid anal gesic. Follow ng the

surgery, with the patients recovering in the Post
[0266]t het | Theae sesutistshamathat the apalgesiceifestsiand sidagffeefs of an

a\éméh?pgamq:m ﬁbf‘iﬁ?@ Yo Lﬁo‘}g@%o@ RAHOTR GRERPYY Pants to deliver
tHErapbliticll Wifeetive! Airount bhafalgpsies abile avoidied taxic 8ffects.

litres/m hute when they first indicated that they were
exper i [1_(|:_i ng m)deratfe or s_e\r/lere pai n. The. patients

fromthe nout h-pi ece th er ocIi pe nebuli er
charged with 3 m of the m xture of free and |i posone

(EEEAPE) 2, EA OO, BB BRS VBABLELAd Somuians
a@Pﬂigﬂfgﬁé Forak § e nventieh.f -Tdniortilatinscavedtaspusen thé known
e

fective pain or the onset of side effects. Su%cés .
phatmaeokingliohgndfAharmagedynamifeprefiles of e ramponamt drugs, their
[ j g [ 0
BERH: Gd8tabE PO RRRER OUARIRAT andShE putoomep o the
chnighl stlidickelestcibed ebotefree and |i posone encapsul at ed
fentanyl. In this manner, patients were, in effect,
iven treatnent "ad |ibjtunt. Patient -
[8288Tadni nleebaRliBRs oCORIANAGH @ | Tl o i PRIBIASe PrenPrepared
i HAGIatiBR CRERWHOWAT béYblh their hand or
aﬁgélls, tpcﬁgh%isfggﬂt.lﬁésnoutﬁ ylece of the nebulizer in
their mouth with a tight seal, and activating the
nebul i zer during the inspiration period of a breathing
cycle. Patients were instructed to "breathe normally"

t hriRtagiti ouset dygioid Sustained Effect Opioid Rate of
Deposition
Type Concentration Type Concentration | In the Lung
(mcg/min)
(mecg/ml) (mcg/ml)
Y
Fentanyl 200 Liposomal 300 15-60
fentanyl
Fentanyl 175 Liposomal 325 15-60
fentanyl

Fentanyl 125 Liposomal 275 15-60
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Patients reporting only "mld"

(349 post- operative pain in the PACU.

post - operati ve pain

[0269] not ﬂ#eaﬁ)wgoih@%%brlﬁwm izf by eyt ofeetaraple ehlygirldl shall not

pati en

bRepEtiash it

gllzatlon

e sfull
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used the study drug,to ra
BPg%sma? dentignt 8% dedinpen

and were able to self-titrate their

gy ?{b% following

osing to the point of adequate/effective anal gesia

via stopping the nebulization.

percepti bl e anal gesic effect was 5.2 m nutes.
average tinme to effective anal gesia was 22.8 m nutes
of self-admnistration of drug. At adequate/effective

anal gesi
pai n,
severe"

a, 5%report

to "noder at

ed no pain,

e".

The nmean tinme to first

The

78% reported "m | d"
and 12% reported their pain subsided from
Patients that achieved

adequate/ effective anal gesia were nonitored for

br eakt hr ough pai n.

17% of the patients required no

further opioid during the 12 hour study peri od.
Br eakt hr ough pai n was experi enced on average nore than

2 hours afterconpletion of
patients and required adm nistration of

nor phi ne. [0265] O the patients treated, 95%reported

i nhal ati on by 83% of the
i ntravenous

effective anal gesia after selfadm nistration of the

nebul i zed drug,

and none experienced toxic effects.

84% of 5 the patients stopped sel f-adm nistration of

drug when they reached a satisfactory | evel

o

f

anal gesia. 11% of patients stopped self-adm nistration

of drug

shortly (3
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mnutes) after feeling (and reporting) a side effect
(sl eepiness or nausea). [0266] These results show that
wohersaszdegesi ¢ effects and side effects of an PCT/CA2004/001578
appropriate inhaled drug fe#arl ation can be used by
patients to deliver 10 therapeutically effective
CL&E&J t of analgesic, while avoiding toxic effects.
Ext l e 8:fT§st| ngovari ous fornul ations for optinum
elivery. ryg. 67]. .The | qw i
L varfd &@Y%g i%@%&%‘lﬁq a‘13|e ons’ %%%‘P g\égrfin%to gﬁg@?&ﬁa&g@?\é@t he atient
whi'.leﬂé(@&&i'n%%xf&ﬁ?, $o0d FetiRIdl @neprRing dasiadowsthy irthelikg dwnforsulation
_phar macoki netic and pharmacodynani c profile f t.ﬁle. .
usirg Appoireenary dyeg deliveay deyine h PESIES &Pg‘ﬁ?%oﬁ“ nSSQPPésg inhalation
conpared tao f.ent : t : Ishidi
whegt T L e dopERUATY AR o AE o e e chfec i manonaxy
dmg Q@Rli%drRidegica beingtadeptedto depiosit partizies of tapioreylation & Hedgngs at
o the fornulation chart shown bel.ow 20 02t6(%] 'Il'ghg :
an ¢ffeasiyeiralg: epid EPTpHatioR GORBBIFINEAN ecﬁ‘g‘{%ﬂﬁkgnonl 3 g one rapid-
onslseE \?}!%ilﬁ%cpgﬁd S{ele%g;dﬁé @%@%nécﬁ#f&d@o?i&i@,_eanﬂ@ ficdulfieally acceptable

t1on as I ne y the follow ng clains. CLA 1., .
carfBr, Ok Ot shebmratiohabnd nyfeoof useh i epigidrbeing dsedctssk §9 il\g%] gdunng

inhgfg{@%gg,sp%g&q%igiigﬁ atvig ﬁ%ﬁ%%&@&?&ﬁ%éﬂ%ﬁ%ﬁfﬁg{, taMd th%at;rl‘get of said
sid% %gfg{:}lc@ctch&n?éféﬂeﬁﬁe Bnd loreRaEYy, Gnd Godedt thie maxitawmapidid plasma

duce anal gesia, and stopping inhalation when
comahiraf@cdamsynaneichdekia levslnorhesshydtheronget ¢iiaidhdeeilget can be

a side effect; said pul.nbna ivery device
uS?S‘etP}?%‘e Qlafé?i’(té%ltef%‘m&gep’gg{id?u {o{a}vg{&étgx%ft Bl't he formul ation

in e lungs at an effective rate; said faor af i
2. conpieSpmglaionepls et § Vhergl e GegRtt it &Bh opioid is
selrgcacga d9 '?l?a%ttlaé)ﬁia%?%ﬁ% iR plRAsicontraHEA ai thednedtf efaide effect is

proi'd,” and a pharnmacCeutical ly acceptable carrier, the

no¢Es alent 66 ob theanakinypeopididedasmagenesniragi-ng sel ect ed

so that, during inhalation, analgesia is achieved
3, bef g"t@.fgﬁﬁulf@?&ebf dhins 2i wheseid ehe EdreentratiomandHupo Ak eachgrpioid is

said side effect occurs before the onset of [ G LY
slrid 0 e TRGTHE SpB5A Beginp oA Sionci e dphide offect
is 9083 ' shopitfag fa doReernssh. of said
18 g? E%S g%%@@%é@ﬁg%kﬁg%g%by ?pﬁe ggti ent to term nate

in ation avpi d ty id-
4.l a peropebErR o s b Fio T ¥kt e & bAT0R: rapid-onse
opRiR 4 chdlssn EBheTAREYISaifdruat], Sifentami andiremifsingind. pl asma

concentration at the onset of Side effect is
5. The formulation of claim 4 wherein the at least one rapid-onset opioid is chosen

from fentanyl and alfentanil.

6. The formulation of any one of claims 1 to 5 wherein the at least one sustained-
effect opioid is chosen from morphine, morphine-6-glucuronide, methadone,
hydromorphone, meperidine, an opioid encapsulated in a biocompatible carrier that

delays release of the drug at the lung surface, and a liposomally encapsulated opioid.

7. The formulation of claim 6 wherein the liposomally encapsulated opioid is

e

liposomally encapsulated fentanyl.

8. The formulation of claim 7 wherein the at least one sustained-effect opioid is

chosen from morphine and liposomally encapsulaﬁced fentanyl.



10

15

20

25

no | ess than 66% of the maxi num opi oid plasma

concentration. 3. The fornulation of claim2 wherein
woOherspsrssent rati on and type of each opioid is pereEaned/ 001578
so that the maxi numtotal opgpid plasma concentration

at the onset of side effect is no |ess than 80% of the

maxi num total  opiQid pl as oncentration. 4. The ... .
9.f or miCafPEMIFIOT Y BKeOVF r‘r)?l“jﬁ‘lﬁ%s 1t 3W%ﬁ’f§:%it“e {JRipidg in the

i F e Qs sdlaededneatyany|

L R S S R i S

or at i. A ' : : L an
R L N R
259 thaso@midg/mb. The formul ati on of any one of clains 1

to 5 wherein the at | east one gustai nedeffect opioid
11.5 chesermhla@th GO ERh 16 whetdh tiarafie of tenvenmatite, of free fentanyl to
_nmet hadone, hydronor phone, neperidine, an opioid
lipnsempBy preaperlpted eyt Bravat BPe carrier that del ays

rel ease of the drug at the lung surface, and a .
12.i poBlaralipigid efermpiationt efd clapinoild. or7. 11Tkentkiping (feei Emtapyl in a

cl ai.m.6 rei he, i posopal | y encapsul ated opioid is
anF%@gﬁﬁ}gfﬁog}l&dp@uﬁogfﬁ%§Tgﬁt anyl . 8. The fornul ation

of claim7 wherein the at |east ong sustained-ef.fect
135pi of B¢ i%Plﬁlm?%‘ﬁn‘ﬂ?tbc?ﬂ nogr ﬁ}ﬁ’iuﬁe 1Qndiell i Yo opfpming fiposomally

erRBsRPRA fhefyf 8N @R¥éntitiod BEHHRY 790l 18750 M@ImBNY one of
clainms 1 to § wherein the opioids in the formulation

onsi f . Y, i I O
14 ot S pBioic S AR e N ARRETR) 1o/ LF MBRIAR Rl opioid
conbeiteitiontih abdunt58D mey/mi,dhe frae éamtarsd comcentratiomin 260t 24§ mcg/ml
1500 nmeg/m . 11. The formul ation of claim 1§) wher eiln
anchiBe Jinpsomadly eogprsulgddentanylspngeniratipn s abays Sq0meg/mi.
| i posomal | y encapsul ated fentanyl is about 2:3. 12. )
15rhe Bhe oranulaiomuelatnyopneop! elptnsnl 10 beonfaingig,iwg pf pigre different

oﬁ&é@?&f&ﬁc@ﬂé’ [Fh.fol?rnﬂla‘ﬁgg o'iéiﬁltth? !?)n%}K 8&5 glllfﬁokgéj T%?ﬁ%_) Q%nrtanyl and

e opi ol roulatio alm
lijadom@ny ahdtipsgatedfosan@l | y encapsul ated fentanyl in a
concentration of from250 to 750 ncg/m. 14. The

160pPi OTRe frofmiha@dd @F By 8RY oPngaifths Cltdi 1B wikréia thd opioids in the
wherein the total opioid concentration is about 500
fommylatipn congastfof alertanit and mowphieent rati on is about 200
ncg/ M and the |iposomally encapsul ated fentanyl
1T oncEng fatrudationsf aeimt 1@ tamigg alfentasi] i agonasniraticn ¢foitom 300

0 n ne of clains 1 to 9 containing two or nore
o Pdet

18.  The formulation of claim 16 or 17 containing morphine in a concentration of

from 650 to 13350 mcg/ml.

19. A method of administering an opioid formulation to provide analgesia to a

patient while avoiding toxicity, comprising the steps of:

continuously inhaling the formulation using a pulmonary drug delivery device
adapted to deliver particles of the formulation into the lungs at an effective rate to

produce analgesia; and

stopping inhalation when satisfactory analgesia is achieved or at the onset of a

side effect;
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opi oi ds, excluding a formul ation wherein the only two
opioids are free fentanyl and |li posomally encapsul at ed
woenisamydey 16. The fornul ati on of any one of clar@a20d04/001578
to 15 wherein the opioids iRethe fornul ati on consi st
of alf ent ani | _and nQr phi ne. 17. The fornul ati on of
cl a| nt.ai n| ent an f
fr ot BEE560! B bt BBIOER U hoaRLe rapid-omse
}2;61doﬁndlz plﬁﬁh@deﬁtlﬁﬂly%débthﬁle dafriér; Glen cemdenatticnand type of each
rom 650 to 13350 nt 19. A net hod of
opigifh, randt factye aateop 3?15%% Pﬁﬁh%@aﬁwlqsob%%\ﬁfﬂ&@ted so that, during
1n%gﬁ 181? sin@l&%%iﬁ‘?s %ﬁév@&%}ef’&t}é € oRYRIHLAE std¥er féb{ 3énd the onset of said
e st conti nuously 1 nhaling t
51ﬁ® reffaétaidcoﬂs bt&bragha opset wb raxdgityd mnd) sdehatviee ;nadmmme)mmd plasma

dapted to del ticl f the f | at
cqIRERFifgs st eh MO BtiE JEVeRa e b AUEY Al pues aitect can be
gégh yStBQ Ridnd td sRal At 1ﬁHa1Xm§ﬂosa@51'dStBﬁ€It9r y analgesia is

I‘eve or he onset of a side effect;wherein the
26 O My At de 51&1’? t§ Eﬁ tRClotHf1aR0R IIH]HIS efns@& by #&Spulmonary
one r api -ons OpIO a pharnmaceuti ca

dagarpvaRldevicant  afass ﬁhmuﬁmm@mnamia dinmated of ﬁpm bfo Emidrons.
opioid, and effective rate of delivery of the

opart iraé esetiel Glcigeh 20 vifdra® tHeh@imulduoh Rgdispdiatd by e pulmonary
ana esia i s achieved before the onset of said side

iveryaletlice tiba grsemegdimsagrolygppnc dipmgter obtregy kto 3 microns.
before the onset of toxicity, and so that the maxi num
2pi oiTte phetisovhofcdnice A1 rveteredm thtofosmnlation éndispensed by the pulmonary

ere t he ons et of said.side t b
pgafringvdaiosal p ames REILEr H Rt ifieR 5 g 7§ microns.
t t 20. Th t ho
298;(:Tﬁ“;hg¥lpeébpq Qf @%’S%)gr%fégai 1§ e 2gby]}ﬁbq\l£§l§peé$qgantratlon and type of
I
o4 IS0 NS g R NS A ST i ot
sidheffectris hdvéest dramd64s obthe insxithep epied playme kengsatratbemar y

drug delivery device at a mass nedi um aer odynam c

24 amghe medhod ¢foamyloretofZ14ting 1ons 23 herdih eheredrivenkraifon and type of
claim?21 wherein the formulation jis _dispensed b

t he
eqsl oRIPiE iy selpqred & fhal EheympdRuELORIPIdPlRa% CoReaREATion ‘al the onset of
si%l@r ﬁfgégrﬁﬁb fesgl 'tlﬁﬂ?ﬂ?{ Pilfhe Frr{a%'ﬁlﬂm d?d Blaiﬁ‘nﬁ lBR®nirdon. T

any on ainms 19 t wherein the

25 .g %{ﬂ% éﬁ?&l&ocp ﬂ‘ﬁ ng% o}{g %f gfa & ‘f& t& 34 %lgerélﬁ i€ la? gettagt %r%orapld-onset

{8 ma "concent rati on
opfds®is cibsen from fentanyl alfentaml sufentanil and remifentanil.

26.  The method of claim 25 wherein the at least one rapid-onset opioid is chosen

from fentanyl and alfentanil.

27.  The method of any one of claims 19 to 26 further comprising an effective amount
of at least one sustained-effect opioid to provide sustained relief, wherein the
concentration and type of each opioid in the formulation is selected so that, during
inhalation, analgesia is achieved before the onset of said side effect, and the onset of said
side effect occurs before the onset of toxicity, and so that the maximum opioid plasma
concentration does not reach toxic levels, whereby the onset of said side effect can be

used by the patient to terminate inhalation to avoid toxicity.
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side effect is no I ess than 66% of the maxi num opi oi d
pl asma concentration. 24. The nmethod of any one of
woheisms239 to 23 wherein the concentrati on andPCy@a2wi4/001578
each opioid is selected so tI§at the nmaxi num opi oi d
pl asma concentration at the onset of side effect is no
ok ess ThoaRuRRPerfaitd 7 WRerkUAR aPleNt @nbk@daTBed-effect opioid is chosen
concentration. 25. The nethod of any one of clains 19
fibo 2prpitiee, einarphine-Grglucerpnideo mesthadone,- bydyemomkioae.dmegeridine, an

chosen fr ent any| L.f.ent ani fen [
OpiSH FRARSIPAFA o B10FpiooRUIE BirRRF ey STRFORRRE 0P rygac he Tung
s@tfackeatla RftRomaRy enepsdite@Ppidl i s chosen from

fentanyl and alfentanil. 27. The method of any one of
26! al e 1ReiH0d26f A 9B GHRRYA SthBIlifdoflall§ CEAcPsuldiBUpioid  is
of at | east one sustained-effect opioid to provide
lipostzllyedcapshlagdfd, femfarylei n t he concentration and type

of each opioid in the fornulation is selected so that,

3dur i Mye indoieddadti daim 2(h 2R ee LD avhesein che &eabt bed austinddesffect opioid
_onset of said side effect,. and the onset aof said side
issfhoscht frecneehpeead P&%ﬂ&ﬁ@ﬂ&éfa%ﬁleafe&:}?mﬂ?ﬁ; and so

t hat the maxi num opi oi d_pl asna concentration does_ naqt )
31 eac fhe apatizod ehanysone g slaimg 2 e 3@ ndteip thesopigjds jnyi@e formulation

B R R B BRGSO Tt e
Ehosale PORIRS! e PR M RRGRECiPnfflion B et feftanyt o
lipBdhdg R cafRMitehRRANE froffEPS o dilne, an opioid

encapsul ated in a bioconpatible carrier that del ays

SF,el eg%e MEthbdof U B whbRid HROrafiYr JrasRice®ioR of free fentanyl to
| posomal |y encapsul ated opioid. 29. The nethod of

lipbstinmal B8 nekpsnkited fehanyliipebanaild.y encapsul at ed opioid
is liposonmally encapsul ated fentanyl. 30. The nethod
30f cIThtmefod @Bamyr oSofwidmeiln tb138 veliertiadkd tatal@pioid concentration
.sustai ned-effect opioid is chosen from norphine and
iy from<LShde 1yVAREgHdul at ed fentanyl. 31. The net hod of
one of clainms 27 to 30 wherein the opioids in the

3ot mill pheskocel e of Climae19 K BpProY RS FOEBdioRIpprises froe
f%eﬁzge:rgg ?ﬁjn 5 ?{)]rgcgrrl% A om 360 1’4 ﬂgé{ﬁﬁd of claim 3l

t
i'0 of concentrati of free fentanyl to

i posomal | ncapsul at ed, f.ent l,4s . from1:5 t - . .
365" HHE MEPREAT G SPidh TG 0 3 (st Rospbiaiof comprises
lipessely hchlAdd feh@fyll igAtodAYdntlaBoh bPESAITEH0! ty 750 mcg/ml.

encapsul ated fentanyl is about 2:3. 34. The nethod of

32.2%(:2%@ rnglétth(gcli1 8 By Gk drQ1aiths 0ah BlewASintAS Bltal ARid?d doncentration
[
is about 500 mcg/ml, the free fentanyl concentration is about 200 mcg/ml and the

liposomally encapsulated fentanyl concentration is about 300 mcg/ml.

38.  The method of any one of claims 31 to 37 wherein from 4 to 50 mcg/min. of free

fentanyl is deposited in the lungs during inhalation.

39.  The method of claim 38 wherein from 10 to 20 mcg/min. of free fentanyl is

deposited in the lungs during inhalation.

40.  The method of claim 39 wherein about 15 mcg/min. of free fentanyl is deposited

in the lungs during inhalation.
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is from250 to 1500 ncg/ M. 35. The nethod of any one

of clains 19 to 33 wherein the fornul ati on conprises
wonews/Bzwsbanyl in a concentration of from 100 POTARQ004/001578

ncg/ M. 36. The nethod of anywgene of clainms 19 to 33

wherein the formul ati on conprises |i posorral I y

0" 7838 asfg of 357 Bt of RSl 65 22§ fim e BN fhggmin. of
11?9so%§a11@‘“&1&§kbsﬁla&étﬁfeh@hﬂ| is @OpRited FOme Rtk AliiARinhalaebeut

ncg/ M, the free tentanyl concentration is about
4300 g/ iR dof Reaid! @PW&&W}I@HF 39St 8b eglcf/aih.apy Ihposomally
concentration is about 300 nt 38. The nethod of
eacapswaed déntatydiinder@gitadan e lmhgs dinng inbatadort.o 50
ncg/ mn. of free fentanyl is deposited in the |ungs
4dur i Mpei mbebodt oD rRIaiM942 Tiereimt frooh 0F ©l 60 mdgmide p£iliposomally
from10 to 20 nt free fentan i,s deposited
epeppeHated derjanyd it 3@@8%@%& juggs durgng mﬁ@a&m hod of
claim 39 wherein about 15 ncg/mn. of free fentanyl is
44epodiheemethedt pl claimgd3 duirdreig framal8t icoAS 4mee/yHe of hposomally

E@a@g&gte?fferﬂgyylgpﬁep%gltegf ﬁgitﬁluﬁécg&% ﬁﬁlg{ (Fﬂe. 2 i ;L;lm isst 0

G RN e AL S —
td)thmps&aaé H¥pRNERRSHE Ringsl dfuedy @RXlatibs. deposited in the
l ungs during inhalation. 43. The nethod of claim42

agher q’h@ b @ 1o &lQin@QfS N BB froff 10 't@QﬁPHﬁrL;}rﬂm of total opioid is

encapsul ated fentanyl is deposited in the l'ungs during
depdsitediin the lungs. dufing inhetatiod. of cl ai m 43 wherein from 20

to 45 ntg/ mn. of |iposomally encapsul ated fentanyl is
4deposiheetieihod tdfeclhinngs whereingfromhad abi3fnmegbminTloé total opioid is
net hod. of any one of clains 19 to 44 wherein from5 to
d%‘@“ﬁéi}}? thedungsrdurigg MhalibioB; d i s deposited in the |ungs
during inhalation. 46. The nmethod of claim45 wherein |

48y om ashabofany/ averef claims &9 s 3@ pihereén ths forapdalianepmpyises two
t.he ri T Wae

of) KIOre. gﬁ%%enq% 13]9% Gg{lﬁh%g a%n}aﬁllthlon Q/ﬁ I{Hé{ Q\llg%cl)lgl{ t&% d&%lgfds are free

felRpog iah@ Upbdonidly dnquﬁlacbdrfemgnylnhal ation. 48. The
nmet hod of any one of clains 19 to 30 wherein the

450r MRt BthoBOSPLiafR S4¢ WeheRiin 'HE Sopibitié 8h et fBRh@aBSn consist of
excluding a formul ati on wherein the only two opioi ds

afeetafiil @ed morphine.

50. The method of claim 49 wherein the formulation contains alfentanil in a

concentration of from 300 to 6700 mcg/ml.

51.  The method of claim 49 or 50 wherein from 100 to 500 mcg/min of alfentanil is

deposited in the lungs during inhalation.

52.  The method of claim 51 wherein about 250 mcg/min of alfentanil is deposited in

the lungs during inhalation.

53.  The method of any one of claims 49 to 52 wherein the formulation contains

morphine in a concentration of from 650 to 13350 mcg/ml.

54.  The method of any one of claims 49 to 53 wherein from 100 to 2000 mcg/min of

morphine is deposited in the lungs during inhalation.
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fentanyl and |iposomally encapsul ated fentanyl. 49.

The nmet hod of claim48 wherein the opioids in the
woaoomoszdsh on consi st of alfentanil and nor phi neCTEA2004/001578

The net hod of claim49 whereign-the formul ation

contains alfentanil in a concentration of from300 to

700 The t.hod fcI 4 Ak eseel o
 om b andthod 36 it 3 st o 2281 o oot g S Brphie i
dﬁﬁﬁn&ﬂﬂgﬁedﬁ@&ﬂgnngﬁmhﬁﬁb@n 52 The nethod of claim
51 wherein about 250 ntg/mn of alfentanil is

56lepoghé bihdl s Baib SIS heeld Adut BORLRLHIA. of IerpAiie is deposited in
nmet hod of any one of clains 49 to 52 wherein the
thiedumgsl diringrinleadaiiosi ns nor phine in a concentration of
from650 to 13350 ncg/m . 54. The method of any one of

5% ai he 4@tial Eaxnyloae ef nlafmob® 1066 wheRHO Germdgrinstatitn takes place

phine is depasited in the |ungs during

OYW@F"&?‘? 35%% ﬁiaé’toﬁ%d of claimb54 wherein from 200

to 1000 ncg/min of norphine is deposited in the lungs
58uri Age uPFh%nﬁ asifeeffect gf anrpRioidkip pERYCBHNE PRIPH tBXICHer i n

about 500 m:g/m n of norphine is deposited in the

9ung§_dm1mngarv gaﬂszg_y_siezlngecomm@gi o7 opigidofampation  for

t ation takes place

eyl T abtlekfe 36 BEREGDa HfisP EPRBIERESE, e liee i “a

side effect of iojd i reventing, opioid

? ox & aptariss Colininbug forrahlpufh REECH e 15O oy ofctams 1 1o 18;
Cont@hﬁhﬂ&xﬁﬁp@@hpmchﬂﬁﬂﬁfat'On for producing

analge3|a in a patient, sai d device conprising: a

cont ] t

oo { cgﬁgﬁe@ Bot'ﬂg &nga%’ﬁéﬂo?ec%l%g%%gg%éﬂtlggs 0@ QW formulation
tmomg}malrboutlerlmaah ste dedheg thwugh ectoaidrabynernstions patlent effort and at

ensi n artlcles of S|dfor Iatlo t hr.
bGP e VAP HEr Sl G IPese i S By ote T Shset of an
opiPNB G0 WerePRlh& Me GisbObL sANdidRierROt 6EJURE bR thdldhset of toxicity,
wher eby, during inhalation, anal gesia is achieved

atb @ theat tthee manmeum opicih pbqsm@u adnednieatien fdees notaieach mw levels, and
t of sajd. side,ef 0 bef ore.. th nset
ESepe R R ah Y b SIS HSHROB arenh fo B e mhalaton to

afd10¢&ntik@t i on does not reach toxic levels, and whereby
the onset of said side effect can be used by the

chat i antyfifoh&y MR Gelifthd! 84Vidh dofltaining an opioid formulation for

producing analgesia in a patient, said device comprising:

a container containing a formulation comprising an effective amount of at least

one rapid-onset opioid and a pharmaceutically acceptable carrier;
an outlet coupled to the container;

means coupled to the container for dispensing particles of said formulation
through said outlet and into the lungs, said means requiring conscious patient effort to be

actuated;

wherein the concentration and type of each opioid and effective rate of delivery
of the particles are selected so that, during inhalation, analgesia is achieved before the
onset of said side effect, and the onset of said side effect occurs before the onset of

toxicity, and so that the maximum opioid plasma concentration does not reach toxic
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avoid toxicity. 60. A pulnonary drug delivery device
containing an opioid formulation for producing
wanelsypssica i n a patient, said device conpri si NGCTAA2004/001578
contai ner containing a fornmdb&ti on conprising an
effective anmount of at | east one rapi d-onset opioid
1 | r 1 . o .
1R PBRBY TRESH L ol A TR0 B ey (B R torminate
inhalatien reavdidtoxditypensi ng particles of said formnul ation
t hrough said outlet and into the |ungs, said neans
6I.V\Equ1rh5e agvhie@afsclm $9 rmatﬁ'[)emtth%fa‘dmﬁrish% diesti vamt natet agh;trolling means
erein the concentration and type of each opi o] d
FREDE 1 ToiEAG WOICRABE [SRIJAON if Hapegipd fareda §pgetted Bireshold.
sel ected so that, during inhalation, analgesia is )
62chi Fhedleyist ofeatyhene pf ealaipts 8ite Gli adewin said, outley qomprises a

onset. of .said si.de ef ccur, .t :
R FiR i S B R Bl a0 Bhmutaion o
b&aRp&Rkd.ati on does not reach toxiclevels, whereby the

onset of said side effect can be used by the patient

0 t ghgi ' ' Vi ii§dreh s&d-didpehsing means
v T O e B B e S TSN
isrtareatitaciuatedd.i ng means for linmting the rate at which
the fornmulation is dispensed to bel ow a sel ected
64.hr eThelddvic6 df ahleondex dainof SAny 68 neharéinclaid parti6es thave a mass
61 wherein saigggytle% conPri es a fenestration which
medivm prrodwismic diginefer o frops! iy > MiEOPSiti ent in order for

the fornmulation to be dispensed. 63. The device of any )
6one dhe dpvirerst dlain §4 guheygie seirl Pagtigles hive ganass el grodynamic

d%ﬁggﬁgﬁégn?ghgghﬁﬂgng4. The device of any one of

rein said particles have a nmass

di er.od m c di anet.er .qf fr i . :
ofe" ik BELGF BEOS 65 R Soif mat ol & ato M Bl acrodynamic
JdRMESRS Of TR Utaemgdnam ¢ di aneter of from1 to 3
m crons. 66. The device of claim65 wherein said

6Par t ifhk QRvIRBVR My GRSoMBEInK T 245 Gy Ak SHi@TRa88 O dispensing
froml.5to 2 mc€rons. 67. The device of any one of

pattialesslispenses bW ewhn 826 to Kaiof thesfarsulation pérdplesiatiang
particl es dispenses between 0.2%to 1% of the
68.0r nlThatdevice péany ohabitlaoms 60 to 67 wherein the concentration and type of

each opioid is selected so that the maximum opioid plasma concentration at the onset of

side effect is no less than 66% of the maximum opioid plasma concentration.

69.  The device of claim 68 wherein the concentration and type of ‘each opioid is
selected so that the maximum opioid plasma concentration at the onset of side effect is

no less than 80% of the maximum opioid plasma concentration.

70.  The device of any one of claims 60 to 69 wherein the at least one rapid-onset

opioid is chosen from fentanyl, alfentanil, sufentanil and remifentanil.

71.  The device of claim 70 wherein the at least one rapid-onset opioid is chosen from

fentanyl and alfentanil.

72.  The device of any one of claims 60 to 71 further comprising an effective amount
of at least one sustained-effect opioid to provide sustained relief, wherein the

concentration and type of each opioid in the formulation is selected so that, during
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68. The device of any one of clainms 60 to 67 wherein

the concentration and type of each opioid is selected
weaodsivardeh he maxi mum opi oi d pl asma concent r at i 8ATAA2003H01578

onset of side effect is no-eess than 66% of the

maxi mum opi oi d pl asma concentration. 69. The device of
. .claim68. wher.ein.the,concent ' ;
P Sa LAt S EFRE R B e R R g PR het of said
side QfeBNbEcald BeTort the has@ngabxiolty, sindesoehitetht maximom| emeid plasma

than 80% of the nmaxi mum opioid plasma concentratio
cof@ntrgtien dessi ras regchdRyicdgeclywharghhiheasety? 1%&? é‘,ﬁqct can be

t I - i d- EPididiss chosen from
us§ %%&ﬁaﬁg}gﬁ? %@%aﬁo{nﬂ%lgﬁéﬁ%Oa%ﬁcpigghdt?ém' fentanil. 71.
The . devj ce of. ¢l ai-m 70 wh [ N
737 4% % g5 (R hE e Ep RS <B0R piid s chosen
frith frB&YpRRk! mofphindbeldRydrtée, ohetandoren aydonmirphiane, &@peodine, an
71 further conprising an effective amount of to(!heas% he 1
opimé eacapselpieddn afbiasomngpblsicarrics that giglaye rLense f fhiscirtE at the lung

relief reim t :afii on and type of each
Sugg?eof‘%d?ﬁ@?ﬁ?gﬂaﬂgreﬁg pg i geﬁﬂl}pgﬁsl'el ected so that,

duripgi nhal ation, .anal,gesi a.i s..achi e ‘yid i
74ons£}’%o CYLF %€ mefa7 ect ,ereél?wdth? hgi’%\r@g‘%l?oggéagflggggdgpmld 8
1ip%§&ﬁ§ﬁ¥]&pggyg”@at&pfegfa@y;he onset of toxicity, and so

that t'he maxi mum opi oi d pl asna concentrati on does not

15¢ ?g@}et & dreYehss, Wik eRywhdisinARs Bt ledt o@isahtaiheteffect opioid

can be used by the patient to term nate
is thdsah &tomomotphirsevaniddipossally gncapgilatghientpayl.ce of cl ai m
72 wherein the at |east one sustained-effect opioidis
76:hosER: ddviv® sTamphineaf champ 2 e -76-wieuentionopieids in the formulation

met hadone, hydr onor phone, neperi di an opioi d
coapisqidtredertanyliang lppenrealy-anc Séliaé%ffépﬁlpylt hat del ays

rel ease of the drug at the |ung surface, and a
71.i poBrdevige ehelapsultardarcapiths gptio7of copsgntratin f fipe fentanyl to

.claim73 wh i et ' _ | at ed oi d
sy ST o it IR TR BT P55, “The dbvice

f im72 73 4 ein th
101 58 BT oL P NERGF L A B bRt e

lijdsBREAYRhdpsRAC ARSI Ahtboan:any! . 76. The device of
any one of clains 72°to 75 wherein the opioids in the

7d.0r mf'fl@{l%\ft?% d&%@ﬁioﬁé oF).Blafrﬁ§§9 {£T8 *hKbinahd tdtdill%?&ﬂgbﬁdéntration is

encapsu tany 77. The device of claim7

frofnedseita 160kmegtmlo of concentration of free fentanyl to
i posonmal |y encapsul ated fentanyl is from1l:5 to 2:1.

80/8. Thedea @iﬁarff?'fon@oﬁicmiﬁ’ﬂ 5phe 78 iwhetdie theafoimulafion comprises free
concentration of free fentanyl to
fentanyl in a concentration of from 100 to 400 mcg/ml.

81. The device of any one of claims 59 to 80 wherein the formulation comprises

liposomally encapsulated fentanyl in a concentration of from 250 to 1500 mcg/ml.

82.  The device of any one of claims 59 to 81 wherein the total opioid concentration is
about 500 mcg/ml, the free fentanyl concentration is about 200 mcg/ml and the

liposomally encapsulated fentanyl concentration is about 300 mcg/ml.

83.  The device of any one of claims 76 to 82 wherein from 4 to 50 mcg/min. of free

fentanyl is deposited in the lungs during inhalation.
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| i posomal | y encapsul ated fentanyl is about 2:3. 79.

The device of any one of clains 59 to 78 wherein the
woab@lszged oi d concentration is from 250 to 1500CTER2004/001578

80. The device of any one of.-7zglains 59 to 79 wherein

the fornul ati on conprises free fentanyl in a

oncentration offr 0 to.400 lyd . 81.. Th .
o 48t GBvish Pl ot A3 Bt 8 4558 himeEin g free fontanyl i
d&ﬁﬁﬁ&iﬂﬂh@ﬁm@@ﬂﬁﬁmgﬁﬁahhgﬁsOnH||y encapsul at ed
fentanyl in a concentration of from 250 to 1500

85T9/ The d8dce EP@laﬁﬁ\BhCﬁh&ém%@Mu@ﬁm@%/nﬁh%ﬂ‘ﬁeé%n&ﬁ B deposited
wherein the total opiold concentratfon I s about 30
imthglurgs dutieg fnhelatibent anyl concentration i s about 200

ncg/ M and the |iposomally encapsul ated fentanyl

Sé.onc&"he daticenf iagy a)lneuif cBOths Iﬁﬁgt/on$5 whareinl fvend &\tb clS0ahcg/min. of

.an e of clal rom4.to )
IR SRpopRIEE TP gy s gy (B8 s e e
during inhal ati on 84 The device of claim83 wherein
87r oml® dedlczoowéa!lm 86 wherine éroment0a g 190 gnagpisi efediposomally

t f
chiiphlfigd KA BRI R ILAR adite sRBERY E8 001
t t h 86. The
o 30 Sfevich, SO 87 Afe™S 1o 52 8k abow iy s ipgromally
eddaPsur@ed FénfanyDis deF@@@@lmlHeMuﬁgs(tﬁﬂ?ﬁ lisdionent anyl is
deposited in the lungs during inhalation. 87. The

86leVi §fe AevickabMBRMVBST Ghétefr @fB‘n}(QOt %o U3 TR/ 'nof??]igosomally

i posonmal |y encapsul ated fentanyl 1s deposited
enaapgydatedi fenteyyl isligbadiiedin ti@gungihturidg vilpdatioh. cl ai m 87
wherein from 15 to 60 ncg/ mn. of |iposomally

9@nca’p“)hcm Han&doﬁmytomewlf clabmsl 8P as8a atledein frtra J tari@e rakp/infig of total
i.nhal t| on. Ihe devi ce _of claim 88 wherein from 20

Op1gt F&‘&}tﬁﬁiﬁ”hﬁ ungs JuEpEHhplptighcapsul at ed fentanyl is
dep05|ted in the lungs during inhalation. 90. The o
Hevi The devigpyofoplainpP0cwhetein Hom 408D ¢ ened/mirt. refniosalt epioid is

/ |d is deposited in the |ungs
%D%gllt{}&:ﬁ tfr%ﬁf%?&uﬁrpgt g&aﬁ%e device of claim90 wherein

0 to 40 t I g
% hgmlrﬁ%élg%ﬁﬁrqfn%%ﬁﬁil whersin tom 98118 Go.meelB e B cbioic i
d%bsﬁtélﬂh&h@luﬁlg@ﬂﬁr%% fhRald@odtg/ M n. of total opioidis
eposited in the lungs during inhalation.

The device of any one of claims 59 to 75 wherein the formulation comprises two

or more different opioids, excluding a formulation wherein the only two opioids are free

fentanyl and liposomally encapsulated fentanyl.

94.  The device of claim 93 wherein the opioids in the formulation consist of

alfentanil and morphine.

95. The device of claim 94 wherein the formulation contains alfentanil in a

concentration of from 300 to 6700 mcg/ml.

96. The device of claim 94 or 95 wherein from 100 to 500 mcg/min of alfentanil is

deposited in the lungs during inhalation.

97.  The device of claim 96 wherein about 250 mcg/min of alfentanil is deposited in

the lungs during inhalation.
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93. The device of any one of clainms 59 to 75 wherein

the formulation conprises two or nore different
wopi@idsseoexcl udi ng a fornul ati on wherein the ®airACARIG/001578

opi oids are free fentanyl andil-i posomally encapsul ated

fentanyl. 94. The device of claim93 vvhe{rel n thle ”

I Of 1 [ opsi 0 ent api ' .
gﬁgr pgﬁlﬁ e@bctg,h@f%@ g}g{:/ ?ge&%l{rg cs?]fz;\itcr?nt9 4&’\}/\1;1)iJ 5 rnelﬂltne fch.@uﬁmon contains
Mesplifoe it 4 emcewtratimnmg faorh @60 amil3350meg/mbncent rati on of

from300 to 6700 ntg/m . 96. The device of claim94 or
995 whbe devicé pbanyl 6k bpclgia&_ 9B @ %HWP&%j@fr&ﬁ%O’@W?LZSD@ mcg/min of
asited in the lungs during inhalation. .
“g’e RIS SePRitgfl in @’@%b\x?%r@mgalg@mtl%o ncg/ min of
feptanjl is deposited in the lungs during _ o
1 haITzi:i? idsicogef otpian POvwhercsf framy 20 o of000! mig/mid Dft morphine is

i .on contains norphine in a
Ao KA RS bR LLE, © 13350 mog/ni. 99, The
' . [ 93 erein from o
1 gV'ZEE%S%\Q(g%] # Cﬁ&r}lﬁ} ?({%?vb%%eﬁngamgt g@(bg)g 18 of mqrpking igdeposited in

thddnng’glutinp adtatdtion. 100. The device of claim 99 wherein
from 200 to 1000 ntg/ m n of norphine is deposited in

10De Awwﬁoiglgdnﬂgisit,ﬁﬁ@h%icg%prps . The device of claim

100 wherein about 500 ntg/ni'n of” norphine is geposi ted
int ' | ation. ..102.  An_opi.0 _
i S B LB ORISR BBt P _ataaasS 510 101 and
del i vi.ce according to any one of clains | o .
101; TR e 1‘18?‘03 §P’i’i‘a¥§1&g dhe 6P 6 egHpIupsly dnhaling
the Hernatl & @RinLoMd doHedahd/ stophiag !iﬂﬁléti'&ﬁ\flf%hﬁ%ﬂi%btgf& analgesia is
usi ng sai d device and stopping inhalation en
acuved Paitthe gnsghef fyeide efféet. achi eved or at the onset of
a side effect. 103. An opioid admnistration kit
1@ nphn opiid adninistratien kivcompmisirigsi ng an ef fecti ve
amount of at | east one rapid-onset opioid and a

phararfrewtationlcoynprisinginadifezti¢e binbht offatNBAsEBRE ki floHEEt opioid
devi ce conprising a container, an outlet

ang??{f%ﬂ\ég{}%tﬂkiu‘f% CeFRtanle e ICeans coupl ed to the

contai ner for dispensing particles of formulation
contauHieanary sreg deliverodryicesaimprising astongaimbr ait outteheoupled to the

cohthiR?, HXaRHIBuAEE YR 2N OGN SS! %&Js%ensing particles of formulation
contained therein through said outlet and into the lungs through actuation by conscious
patient effort and at an effective rate whereby, during inhalation, analgesia is achieved
before the onset of an opioid side effect, and the onset of said side effect occurs before
the onset of toxicity, and so that the maximum total opioid plasma concentration does not
reach toxic levels, and whereby the onset of said side effect can be used by the patient to

terminate inhalation to avoid toxicity; and

instructions for using said device comprising the steps of filling the container
with the formulation, continuously inhaling the formulation using said device, and
stopping inhalation when satisfactory analgesia is achieved or at the onset of a side

effect.

104.  An opioid administration kit according to claim 103 wherein said formulation

comprises and effective amount of at least one sustained-effect opioid.
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patient effort and at an effective rate whereby,

during inhalation, analgesia is achieved before the
wonsetosadeo an opi oi d side effect, and the onset paf/caaom/001578

side effect occurs before thegz2onset of toxicity, and

so that the maxi mumtotal opioid plasm concentration

es, not. ch xic.levels, an reby .t he onset of .
1G5 b gl R b rop B4 at AghofaT sl el &'a patient
céigpiding@t e i nhal ation to avoid toxicity; and

i nstructions for using said device conprising the

st ep§5(§){o jgdl{l&g}gﬂbbgeg@ﬁﬁ per W th t he for mul fati on,
continuously inhaling the formul ation using said

devi 66y Atf) rﬁ&%ﬁﬁ ioﬁﬁgégaﬂah?%it]%;sméa faﬁ§ﬁﬁ3‘ At ory

anal gesia 1's athieved or a onset of -a side
effe An.;10pI. Qi dm nistration kit according to
cIai%&Rﬂ%géﬂgFépﬁg%??%h%H?ﬁHFation conpri ses and

fective. unt of at |east on ust ai ned-ef f ect , )

160 it i ERblgsio: Bt a5 AR o G DT 2B sianigya patient
tHRbughr Opti1shonstyodte S8 8 :Riri BrafioR; ingeonprising: 150

to 25 nng/ny of free fentanyl; 200 to 400 ntg/m of

l'ipo I f X . .

phar o e AERHL SRR, Srurie e Rfuhiign wherein the only owo
opiordsatedir¢ecienfanyl arsldifiosomaliwe¢rvapsuddtedfentangl;ng anal gesi a

to a patient through a pul nonary route of

adm apsirmateéwicall ¢ acgeptablengiridewo or nore di fferent

opi oi ds, excluding a formnulation wherein the only two
opioids are free fentanyl and |i posomally encapsul at ed
fentanyl; a pharmaceutical ™ acceptable carrier.



