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WO 20 0 5/0 8 236 9 PCT/CA200 4/0 01 57 8 Title: OPIOID DELIVERY
SYSTEM FIELD OF THE INVENTION [0001] , This invention relates to
ph%r(maceutica! preparations and methods of administering same and,

more 6%%%71%{?& to opioid based analgesics and a 5 method f&CthEk2004/001578
administration. BACKGROUND OF THE'INVENTION [0002] Opioids are
among the oldest drugs in existence, and remain a mainstay of pain
management. Opium, tH&lgrigihBIQPoRE L \HeRYed Y RENbppy plants.

"Opiates" are natural derivatives of opium, and include morphine, 10

m hetain..Onioids” are a broader class of drugs, that

in %)6% ‘?ﬂ% i T synthetic drugs with the same
phadbagologicalpifeaaft PR LM PRAM HEEG YNNI ARIBIIS and methods
include meperidine, fentanyl, alfentanil, sufentanil, and remifentanil.

(0603 IR e BRIt MXErPHUF LrerdarBioh Pssr qorBrsiy and 2
15wegeptdodnisie spimalstertdonnd brain, and peripheral tissues. Binding at

algesia, effects which may be

g%?&t%f?{o%'a%ﬁé’e@%ﬁff?%@sqﬁp naiRg on confext, ain a
ecreased” bowel motility, Side effects such as
nale&s &y wiithed) uRiRrRagTetenticap ivraritiss 0gBatikntig deptessieh from poppy

addigtian, ahddeitysUucih Az SeVRIGME0LLRBEY HCRESSIAR IASREE morphine,

consciousness and death. [0004] Opioids differ from each other in many

wa)sthaERMinG e Glife SIRiiFerirthaibipgdrioelemiehdbgmobsiabincludes

theisidiig eerrptiandatenthetlc RiratBagakingticsasrd thimacological effect of
pharmacodé/namics. Noginva ive routes of opioid 25 delivery include oral,

reORIF THOTURARY HERSAIUOSAC SRIPIHS inHURRiBIePRTFISR € FhiRRY wrlfentanil,
opioid slelivieaninausieitravenous, intramuscular, epidural, spinal, and

by injection into joints. When injected intravenously, some opioids quicklty

enﬁ%d the mu

Q8% brain SRIPESIFIPRRICYRY R REVRS REGT AP @R DEIARP
efiegiel@d ifientaniansbreniiantaaih, witlesthaesaresabsaremSieywbt the mu
to the 30 site of action and havte ver islow onset of dryfg effegiqie.?%., )
mAFRRINSY. iR, “H5IeSEAE ¥ il R RASRIGUGR & TTE ey b TR deprapeutic
owdfigdis venhrapidnatptalaolisifedes gvhiemifentasil)jowhite athstepisids effects or
m errlgg\{gu %ryeﬁle(z)cv’ys, depending on context, including sedation and decreased

bowel moitility, side effects such as nausea, vomiting, urinary retention, pruritis,
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 shori-lived, owing to very rapid

metabolism (e.g., remifentanil), while other opioids may have very slow
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We 2005/082369 PCPIC12004/001578 -2 metabolism and prolonged
effect (e.g., methadone). In terms of pharrnacodynamics, the potency of
opioids covers nearly 5 orders of magnitude, from extraordinarily potent

'%gg S gg]) as carfentanil and etorphine (both used to stun ele ﬁPant ) 1o _
relatively less potent drugs such as methadone and 5 morphir‘%é?.P hmo&)/&)mx

equivalent potencies of opioids (measured as a "therapeutic equivalence
ratio") are well established in the literature, and are gften used when .
CIARE ™ p&tﬂéit'ﬁr%lgf?ﬁgﬁt re%%ir%gn frh¥ one 'Opioid 10 & othr. [6%6%? of
Bespitetigserdifferencestailopidide aie thessamegpbténtial¢os prodageitude,
both profound leyels qf apalgesia, and profound toxigity fro i
TPt B L, Be o e T B e KRRl usoc
teluttantionise @ppropriatdidaise ot opivield toltrgst cdte afd kibaione and

H}%i{hzﬁensg%riﬁlélt’e OQ{&Q{S &gt@%‘égng\s 8 iB?&Ee%Fﬁaé@&%%U'ng% “therapeutic

pro etter pain control "receive inadequate doses of opioids.

Criveisely, level) withwelrriaplichrrAblyhediitous Eppaachby it used when
ﬁesﬁr@r@g‘%ep%%%m%wéﬁmgma{ %’tﬂ@%f@@géﬁu@a@rﬂmﬁ@y patients

opioid-induced ventilatory depression. [0006] Pain is highly
yeoEdle and bighpits uhjentiveifBitecest pdtiepisidedpord tiffeemidyotential to
opiojids. As a result, different patients need differ IR~
?Fgéctetr?&‘ﬁp%riﬁ%%g Csiu%\f/l,erll? hcgfts né% ?nsclead%é(r?a L}a)tft(gm a%%@vgﬁga mn@sﬁ@ﬁox{a’
varigithenanbeuiatialf Headgesi tHapeedeivef 201)0067 ] thieicirem ot torblegant to
adjust opioid dosing | ti b the, introducti "patien
R e o SR, B ho o resutt
paticnedpnirdledsanay ez aienisandlgsesudt iftiaP favideiketiet gidtrp control

Vé%'éi\é AR ANRRE JSEEE 21 82ibRR) WIHEIERCARYSIRIh Tie RadeRtandably

must be awake, and must activate a delivery mechanism to receive mare

opidioU25DEIERS thE NG i§16AE CRTAEBEBHBE ORGS0 Sk HBmEVerY
the.pricid, thens the patirsh vl BRCPMSUACRIIRAIRER ANshRe Rmuest

additional drug. In this manner, the PCA system uses a side effect of

Gp0ia] sedatiBajrtoitintiighly amdablieotogidibglveaubiaetivrobleieram thatients
7 oAt e Ghugds. inigsted rapiplly gferdae patientdequastsitterent
&%ﬁ@ twgr;emgframgéof 30 administration of drugj is uBnder 1 minute meren

ATIBERESATRIINRIE Modierbdlsiitpaiiseiirtisd PERAS r%?ﬁﬁ?ﬁe?%girab‘e to
dryg.rhatisalawlarrasiesrad drm; BR-masmarey receive.

{0007] One atitempt to better adjust opioid dosing in patients has been the
introduction of “patient controlled analgesia” (“PCA”) (Ballantyne JC, et al.
Postoperative patient-controlied analgesia: Meta-analyses of initial randomized
control trials. J Clin Anesth 1993:5:182-193.) With the PCA system, the patient
must be awake, and must activate a delivery mechanism to receive 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 druQ 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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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 WO 2005/0523(") PCT/CA2004001578 a second (or
thifd} Ho8E 8 the drug while the opioid effect level of the first ijectianisoisrs
still rising. PI-1A systems include a "lockéut” period (commonly 5

minutes), which helps prevent patients from administering more opioid
whilscttencbpioidnirilg @ftectds stil dﬁh@gwﬁ@@kﬂtﬁh@%@ds@f@gﬁymvélgbf the first
c lled, defined 5 or programmed by t ealth care provider, an

R Sy o R R o o bt grmony 5
prﬁ‘gnaﬁeﬁhiM@itﬁeHem@gtwirbdpéumetsémmgcﬁimithetdﬂ@@mrﬁlﬁae;ﬁaﬂewhile the
The;pati { str, the lockout, as it diminis the, ..
ot oo oy o ia08 Srir B g dofined
invasivedpaientstablintiaehrul) 1 edrmividttatioraad wetras thee been many

expRRRbe infision Rempsdhus TestRtng taeiyse Of IBERGAIR 1ockout period
institutionalized patients. [0008] A second attempt to better adjust opioid

dB8i¥ RspaGE s et ardh ilsarsipstratidie dpalinoual Dxritea isplg rustrated
labpurhassociated with rhitdkiniishAs nifiaus gxidadmaskisdiels toithag face otner

by the patient during contractions, and is 15 released from the face when
aﬁésc?lﬁjataengargﬁﬁeﬁg i@gc ieved N9BIWEvERehiB VAR RamarR MesiraRBAeNous)
andigesitrefiectandatiotusedapensafetyimechanisms sineeromardasing use of
o%gi 8493%1%?589&@8 dsésétt?emnégf administration is not a significant

concern. Furthermore, nitrous oxide'is a gas which requires a heavy steel

tg0l 6@ storaga a@d@@@n@mﬁtdﬁlb@rywﬁmdgmﬂi@a@ﬁ%aﬂ%t%@nls is in the

Therefaore, the yse of njttous oxide, is primarily restricted to the hospital

eRGITIUAR LA Ho?froﬁs'é"ﬁ%%@f%?ﬁ Sl 0 GEARBRR BRI b, A
protsterm axitle miteslsi o xXidk! r@lammmtsﬂovtd@@faﬁ@maﬂdiﬂ‘g@dh@a%ﬁons, and is
n I inistering.a high, concentration (more than 50% .
e o R v padrer s e ver, i
THEeENRIAEY erition i sedksatoalgss e fehy sivlogidalses pensesifefy mechanism,

OB|AKlS HRAMIAAARH YREIAL0sY AeRIEHRIARI S IR L0lal 4988 Qon is not a

opioids that patients receive. In this manner, thg invention seeks to
i FERLEAEARA) G Bpidib BRIG erstVERP Be o fEviR & BReUMBIARy cquires a heavy

acessnplighedonitbiBGdeorpitier exisipa:origif @dmisysteionmeiiedss ration.
Wjﬁﬁreby only a single side effect, is used to limit 30 the exposure of _
patieh s%edéﬂﬁe%gt?sn? iHTRRISHEEpiSIPETG dMefestipigd to the hospital

environment and not for ambulatory patients. An additional potential problem
with nitrous oxide relates to its low potency and thus the necessity of
administering a high concentration (more than 50%) of nitrous oxide in oxygen

with a potential of a hypoxic 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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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. WO 2005/082_369
WpHE9£2604/001578 SUMMARY OF THE INVENTION [0018]1/CA2004/001578

Accordingly, the invention provides in-accordance with a first aspect, an

opioid formulation for use in a method of providing analgesia-to a patient
S while Aneidyr texciysalchaihod comprising continuously inhaling the 5

formulation using a pulmonary drug delivery device to produce analgesia,
[08é] stoppintyciedraliatidy when isatisftotory anadipesinisactievadoer atithea first

t of a .side e : Sal ; ry.drug delivery device .heing adapted. .,

e B R A Sl IR0 o =

pagamuetide cosneiprgimxiahefttiveathountaiatisiast onetirapigansehaling the
loid-and at: t tained-effect opioid, and a pharmaceutically

o A R DR Be e 68, ana
stopribNE6 EpNdwhiag ishikéaicoranalygsiidsiachibimdbeforat the ansast of a

.0f said.side C of said _side,effect occurs before t 4
S e B VR S Aeprel To. deposit
Patiasntphtibe dosenieticradh theclleveds alvrerebifabivensateof dhdsdammulation

lde effect canbe patient rminate inhalation to.avpid
O oD T e e e LR B B at foast
OnWnYePRETRIT odied typeiotieaghcpioid s semtedica lvhatdhepadémoanrier, the
5H@&%ﬂ%p@%ﬂ@, 0 ti t the onset of side effect is no less .
¢ than 66%, or no Ieé%%tr?efrg %gig%&g %%%%a%r?]eﬁr{ﬁi% %@?c{)’i Héns(?n'g halation,
angygesiarigtionh [©oad peferotheramsbbdinteait, Hedaiecktiordishsuohdbabf said
-gée %@@% ongr id-an i0id is fentanyl, aifentanil, sufentanil or
Slr_er.ni entanif [ggslg]gﬁrgngfée%%%og ir%oenﬁ%éﬁeaaﬂqe%%tfgﬁi e aximum total
ORastapRRIEf e ssivith o Mdgssimeg imeruineda levatenideereethitommset of
Jydromo e, meperidi piaid enc lated in a . .
° bio_cgin%pgﬁk%?cgﬁ?i]ergt ;ﬂt%gecfgél{ r%eﬁee.;a\ég @?%l%e%ﬁ%ﬂgfrt‘ (l[aelu'rqaeéIL&}F ar(]:ejfo avoid
togicaviiposomally encapsulated opioid. The liposomally encapsulated

inid may be liposomally encapsulated fentanyl. [00141 In one )
m@ﬁq dimen??tﬁg%&%‘%ﬁﬂﬁmggﬂ%{%@‘t‘é@élPébIBiéUEBﬁE@ﬁtF%ﬁcﬁ?B‘f?emfa“m
arfoomyR5®toeksPO opegins selected so that the maximum total opioid plasma
concentration at the onset of side effect is no less than 66%, or no less than 80%

of the maximum total opioid plasma concentration.

[0012] In another embodiment, the formulation is such that the at least

one rapid-onset opioid is fentanyi, 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 biccompatible carrier that delays release of the drug at
the lung surface, or a liposomally encapsulated opioid. The liposomally
encapsulated opioid may be liposbmaﬂy encapsulated fentanyl.

(00141 In one embodiment, the opioid formulation has a total opioid

concentration of from 250 to 1500 meg/ml.

[0015] In one embodiment, the opicids in the formulation consist of free
fentanyl and liposomally encapsulated fentanyl.
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fentanyl and liposomally encapsulated fentanyl. WO 2005/082369 PC

wo 7668¢0Q44001578 [0016] In one embodiment, the ratio of geneemnatiom ok
free fentanyl to iiposoma.lly encapsuylated fentanyl is 1:5 to 2:1. [0017] In

another embodiment, the ratio of concentration of free fentanyl to

lipgsomally encapsulated fentanyl is about.2:3. 5 [0018] In e
[Ooé%ﬁoodime)m,?ﬁgp Oeprp(% l(S?r(:“ﬁnéIarl?tlxoen %%*f%a? scf)r%%e[?gn %])nrill(ﬁ]nfgé% Fentanyl ©

lipcamoelyrationoffraerioottoi 39 incdgdnal:1{0019] In another embodiment,

the opioid formulation contajns liposomally encapsulated fentanyl in
[003dd centratlBn?bHdth %@?8%@(5%3 %/ﬁﬁ%(ﬁﬁ'ﬂﬁ%ﬂ&%’? &%88“%5%“3”
to ipesepicithfermulationtbassatotal epividull:goncentration of about 500
mcg/ml, a free fentanyl concentration of about 200 mcg/ml and a

[00idsomallyengBpEifAtSITRPFIRGI  oribentrtiBi of AFHIRERD RRYANIS free
ferl@Pglinmanphenembedment e fermidatien/aqntains two or more

different opioids, excluding a formulation wherein the only two opioids are
[0Grige 15 ferltanpPdine pasotitafieriassuRitels faniaiipn [EUZ2|NA Enrenpeally
en&PRAMIBENL NG 0PIdS In bR fatmHIBHAB, FORsSEPT spenihand

morphine. [0023] In another embodiment, the formulation contains
[0Gfgntanil inra acaricenteatior ioféraimtBO0ci@@ 0B mMeddntn 20490249t opioid

: ' t lati ' e, i
oo T SF o bbo 50 e 0Bl Anehieor, of e 200
magirehtisitlisialineseocRdy aeaiiisteaifg aferopivid ¢enaaniipio proviget 300
mmlfgesia to a patient while avoiding toxicity, comprising the steps of: 25

continuously inhaling the formulation using a pulmonary drug delivery
[0GiEMice adaptedriottdelivemaerisa rarticteswfithformotatiamntombeor more

aif4Ng% & "i‘é‘c?sffegyc‘!l%cﬁ%;% o RredHSR AP AlRER And 8&‘??'?#9& Bﬁ?&' 9N free
when szﬁls#actory analgeésia is achieved or af the onset of a side effect;
fergarwhersinities doraliylaticasoiapeiddéeraaytfective amount of at least

[0022] In another embodiment, the opioids in the formulation consist of

alfentanil and morphine.

[0023] In another embodiment, the formulation contains alfentanil in a
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/mil.

[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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20

one rapid-onset opioid and a pharmaceutically acceptable carrier; the \VO
Z00u 052369 f :'rlt~;:,20514/0015?S concentration and type of each®
vOk i?o’i(dJ (%gg:(g:ffective rate of delivery of the pal?1 ie being selected- 7So‘ o
.’.égt,’ffuh”ng :n iaiation, analgesia is ach%‘eved before the onsétof 4t §ige! 7
effect, and the onset of said side effect occurs before the onset of toxicity;
and so Eh it the maximum @otal opioid plasma concentration 5 does no
|

reactt toxic fevers: wheveBy fHéonSet O satdiddiateet dafrbeusisdtyy of the

reach to
the ipatienidotesrinate itnalationde Ry aith Fxicity - 0928)dR 9B& chieved pefore
ﬁ%bggsi er}t, thg formulation is Qisgensed by the pulmonary drug delivery
K25t & nals MEHitnG Ge il tamic tams Rl rHdmel s 5oRsidprsiore the
0646027] trxaftothenermbddmment theaformwlation i gisRenseshby Bishcentration
egl%go%a}ry gﬂrngtgﬁlc'vig(y\%w e %{ a/qus medium aerodynamic diameter
of from 1t 3 mictons. | ThARotHE R RIcdiRn S e F9RAURRIDRFsUsed by
tispeniseal by renipaimoediy iugdelivenydavige at a mass medium
aerodynamic diameter of 15 from 1.5 to 2 microns. [0029] An other

iment [ ion.is.the Q‘(ﬂ?q ein the concentration and
?85%2 each gé)%}izei%\lfgg%?gdé iBEi[ﬁ%tt e m%?é%d%nd?g% ”88%%i%ygﬁa%rﬁé{'m0”ary
bt SHitEON AP Rist Bresitld e ic s ar debstvdn 66Dfetar 80%6ofi 1 1o 5
themaximum total opioid plasma concentration. 20 [0030] An other
fmbodiment of the invention is the method wherein the at least one

QB bnset opioid S ERbsER RERIMS ANy heatfernalisufdatagibrAdsed by the
remifenianib [QO3HiM-etherembadiment of m%éﬂmfﬁnge%w%‘%ﬁﬁh;t %Qneter of
-effec

urther c m8;:\),risin an effective amount of at least one sustaine e
Si&& {S%r Uid&"65 sustained relief, wherein the concentration and type

piGEERh opioidrin shetasmeaiiastismselected S%Fh%a%ﬂngsi”'a?é%@%ed by the

analgesia is achiev?d before the onset of said side effect, and the onset
oL lde UHECHERLERS BEHATS the rEaEerTBMMY, RIS RRdpihaliameter of

maxrirhgniot@tatiomaid plasma concentration does not reach toxic levels,

(&I@E by the nns%tt’r?frsgindfid: effetct 88 be used by 3C the patientto
erminate inhAlation to avoid toXicty T-008 2] K GHE FetRBorftBALigMIein the

avstpedtwheneantheyakleaseane opioid is selected so that the maximum total
opioid plasma concentration at the onset of side effect is no less than 66%, or
80% of the maximum total opioid plasma concentration.

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

10031} An other embodiment of the invention is the method further
comprising an effective amount of at least one sustained-effeci opioid 1o 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 ievels, whereby the onsst of said side effect can be used by
the patient fo terminate inhalation to avoid toxicity.

[0032] An other embodiment is the method wherein the at ieast one
sustained-effect opioid is chosen from morphine, morphine-6-glucuronide,

methadone, hydromorphone, meperidine, an opioid encapsulated in a
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sustained-effect opioid is chosen from morphine morphine-16-glucuronide,
methadone, hydrornorphone, meperidine, an opioid encalusulated in a
WO 2005/0,2(9 PC IVCA21!(1d.,/0015 ; 5 biocornpatible carrier that delay
release of the drug a: the lung surface, and a liposomally encapsulated

gﬂl)OJgN}Lpg%g Another embodiment is the method wherein the)Iip‘osfozr‘noezl‘l/lH -
encép§u ated opioid is liposornaliy encapsulated fentanyl. 5 [(5(53”1(]' L2004/0015

Another embodiment is the method wherein the at least one

e e N o i A

encapsulated fentanyl. nothe
WRESIH I Bpisidsutnibé ofoialation consist of free fentanyl and

Iimany en t |. 10.[0036] Another embodiment is the
method Whereﬁﬂtghﬁe%g%)qﬂ 8@%&%&%@@ ‘of fpeezﬁ‘l%?gta\?@?fg fiboSEmaRgsemally
SFIEPEIEREY fapiRiAyFirpeaT by te N2ds 0087 jehnatiher embodiment is
theomethod w i ' entrati free fentanyl

liposornally erﬁﬁﬁﬁ?ﬁéﬁ%ﬁ&%ﬁbé@ g:@&l%‘%o‘ﬁ%@j%é ferl least one
etHB AR iREheRiskthscohRersinrem welinbpisidroblipentatioly isframsuiated
28013500 mcg/mi. [0030] Another embodiment is the method wherein
%B%mulation comprises free fentanyl in a concentration of from 100 to

ég/ml. [OBH AnSARPEIMESYiMse Higs ilmethdeiierdire thpioids in the

fasmulatiom 2shepmeprises linasemaliyencap !
T@% tration ﬁ;\)éf}frﬁ?m 250 to 1_5(?3 mcg/mi. [(%%?ﬁe %ﬂ%ﬁ%@g}%ﬁg%ﬁ tI is
the'm

hod w %'ﬁe{he%ﬁﬁ%%ﬁt concdiftrafifilieabovbsminmdégamiratio  of

therfrestferitanyf cencantratigndisipbeuh200 dneaimRRsHRIRRSAMalY, 1-5 1o
encapsulated fentanyl concentration is about 300 25 mcg/ml. [0042]
Another embodiment is the method wherein from 4 to 50 mcg/min. of free

EIRaRYl is depowitberin emedbadigsedaring inhalatiesth[R043lHethenthe ratioc of

g e o o e P is S BOAl hbihapout 2.
éMment iS\fséerethoth adisrein albodivd Smetminybbrein the total opioid
concentration is from 250 to 1500 mcg/ml.

[0039] Another embodiment is the method wherein the formulation
comprises free fentanyl in a concentration of from 100 to 750 mcg/mi.

[0040] Another embodiment is the method wherein the formulation
comprises liposomally encapsulated fentanyl in a concentration of from 250 to
1500 mcg/ml.

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

[0042] Another embodiment is the method wherein from 4 to 50 mecg/min.
of free fentany! 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.

10044} Another embodiment is the method wherein about 15 meg/min. of

free fentanyl is deposited in the lungs during inhalation.
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free fentanyl is deposited in the lungs during inhalation. WO 2005/082361)
PC r~cAZOOJro01578 8- [0045] Another embodiment is the method

wherein from 5 to 150 mcg/min:. of liposomally encapsulated fenianvl is
%Bﬁg?tsémﬁ(’(fhe lungs during inhalation. [0046] Another embadimerig/00157s
the method wherein from 10 to 90 5 mc§/min. of liposomally

' encaEsuIated fentanyl is deposited in the lungs during inhalation. [0047]

AHBAeF embodineingis eenndiedtwheréin fromtHiditovateriag/mim of to 150
lippsomallyenerrsWaled ientany| isdepgsited,in.thy %ﬁ%éd Ying lungs, during

inhalatign. 10 [0048] Another embodiment Is the metho erein from
td WEI&i8G/min. of liposomally encapsulated fentanyl is deposited in the

lurgaieluring inhaledion JReARlAgther embadiment isthemsthosh, 10 1o 9o
wherein from 5 to 200 mcg/min. of total opioid is deposited in the lungs '
Al iAo P8 R 6] Afettigt eshisaéame rie islaRo wiethdtl vhdvaige during
froMnalitm 40 mcg/min. of total opioid is deposited in the lungs durig%
inkhalation. [0051] Another embodiment is the method wherein from 30 to
Etgb%r%mi[n. S %%QFBp%ﬁ??@%@ﬁBEit@d MR B ARy $HhaliBn 15 to 60
[00s2Hinotrdipertizodimentdisibe atethed nherpindéisciarsa|atior i2Ags during
COMRrises two or more different opioids, excluding a formulation wherein

the only two opioids are free fentanyl and Iiposomally encapsulated

fdAERI. (0053} miottecmbdifireentiis the nattoddvhereirithefom 20 to 45
agBiRiRateN akes ARce Ve hetwsen p9 5 _|nh lations. [0054 .
A_not%?er_ emboidiment is%he m\égﬁod wﬁe?é?nnt%ﬂ;qu%%gslﬁet e jgéqungl during
fORRRIRHRS consist of alfentanil and morphine. [0055] Another

efobediment istharsethadivbsrin the fm@%@@%ac%@%@”ﬁc?ﬁ?“% & 200
caonc ntrati?n of from 300 to 6700 mcg/ml. [0056] Another embodiment is

HETHOtHb S VIR SR RS (PR ER5h ke e D A aestiHRia irsposited in
tHeaenys duringithalationb3aies7]iAneherrmbedimetdsthedmethgd s, 40

WSW@%%&?%;{F&Q/@i(r:?e%cosited in the lungs during inhalation.
[0051] Another embodiment is the method wherein from 30 to 35
mcg/min. of total opioid is deposited in the lungs during inhalation.
[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/mi.
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alfentanil is deposited in the lungs during inhalation. [0058] Another

embodiment is the method wherein the formulation contains morphine in
Vecongesitretion of from 650 to 13350 mcglmi. WO 2005/082B69/CA2004/001578

PC'C/CA2004/001578 9 [0059] Another-embodiment is the method

wherein from 100 to 2000 mcg/min of morphine is deposited in the lungs

[@ugng inhalatien90eMhANAeReRbadimeRt iz themethedwheremyframonng

200 to 1000 rncg/min of morphine is deposited in the lungs during
kARNOR BV TEAR SRR BRbEUIRR TS HRANDARERRIn about 500
fowssmin of mesahinedmbeppsiad ia the lungsduringdabalation [0862]c 1000
Another aspect of the invention s the use of a side effect of an opioid in
BRI BRTB IR HOOIS Ao oS et 0P REHtion = a
Joorignary dAmptiediveryiateiiioeni (& abataming arwepieid fasmulaionfeig/min of
roducing analgesia in g patient, comprising:, a container containing a
'ﬁ)orfﬁﬁlgﬁg%%e 3%328%83@ FcL)j\?g;éa%u(r)' ﬁé?@%ﬁfgf%-to the container; means
[6OGEEd to thercohtairepfart disgensingepaidicles tfesaxk ofrmulatioreifect of an

dArough e?%i%%m gﬁ?%&;#g&% lungs through actuation by conscious 15

atient rt and at ive rate whereby, during inhalation, analgesia
[80&cHieved betotbaheasnmitadftian oppiticide effpdtpandryhdrogsktivbsaidevice
ide . . icity, that t i iy
e e L AL LR D O
whereby the dRr88{INSaP Wi BFecteaniases b sashsatiahous;
terminate inhalation to avoid toxicity. 20 [0064]Another aspect of the
invention is aapulotenayughieg tetivepoaemies:; containing an opioid
formulation for producing analgesia in a patient, said device comprising: a

container copfaining @o(?gl@cga“'%i%é’%%%%‘& %%Fﬁ%%“ﬁ%i@@g%ﬁ’éé‘tof said
least one rapid-onset opioid and a pharmaceutically acceptabl

leammiertian duteictospié @ tahansbitiinee neand cougheartoatierchbitaimescious
fekidrpensing Rartieles raidydormulqlion AP ughHaid puligiand diBgesia is
the lungs, said means requiring o

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.

[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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conscious patient effort to be actuated; WO 2005/082349
VC['/CA2001/001578 -10 wherein the concentration and type of each

L : : ) that
epivighanskeffective rate of delivery of the particles are selected SO o
during inhalation, analgesia is achieved before the onset of séfd%%é”_““_‘/”“‘”"
effect, and the onset of said side effect occurs before the onset of toxicity,

nd so that th | tatal opioid plasma 5 concentration does not
?each toxic Ie\%f{s%a}\)/év\lrr}:al%rlg| y%t %C(%)rr]\%éb%fws {@SM@eeﬁé&aggn%ot%@@gyeﬂechve
tﬁ@%éﬁ@rﬂ'M?férﬁfiﬁm@'ﬁlﬂﬁalaﬂ'OITEtosaw:ddatDXh‘zitMa[Q@ﬁEhém@mlaelilt}on, analgesia
i ti [ t ising delivery rate controlling . -
e S ik o A . s HSELA 15 Befy ofec

PEEIEIEE iR SINIE [I0eBIcAWotnst soribatiithembésimentevice wyhektinasma

tae et ' fenestral ' e t

tho At s e e b S (U007

e?ﬁ[%%&% HERT IHRCHRIES IR drEmitResdRpRlAtIPG mexnis! tobeiath

actuated. 15 [0068] Another embodiment is the device wherein the

HaArks haveAnottessanddidimaer mm@m@gﬁi@rﬂﬁ{iéDf:_ff@tiﬁri%i%t@?livery rate
' . bodiment is the deyice wherein the particles

h%a@%eﬂgﬁ”rﬁgg%e iﬁé?ﬁa(@%%n%r%ircag?aﬁre LY AT UAATREr Shglispensed to

[0e10Y Arsstisstashibiaginediht is the device wherein said particles have a

s medi ic.dian r of from 1.5 to 2 micron [Eooglrgﬁ_
ﬁg?h@gr embo}g\ﬁrﬁgﬁ% the gé@%@r\:’ﬁtﬁrgié e concen 'r%%ﬁ QH%G VPR 1Ses &

JSERDAIRNIVEECciad HoltRaseaie thayintoen lipsaldpioid padismiain order for the

CeRseMIRtion aldhespRastaf side effect is no less than 66% of the
aximum total opioid plasma concentration. 25 [0072] Another

diment i€ HRENFEVREBRRAAERSH e therderigatisheast thpedisfremsing means
apiptddshsetecieskso that the maximum total opioid plasma concentration

nset of side effect js no less than 80% of the maximum tota_l opioid
3?%@% conceﬁf?gﬁbﬁf. 8797 IRIShE disbagifirshiTserRitdoRewkelesnhave a

theass leestiomearapityr2onimsiedrmpicidis aiiase i immidasianyl, alfentanil,
S[‘df(%gi"n” andﬂ{ﬁg%ﬁsptgmiodiment is the device wherein the particles have a

mass medium aerodynamic diameter of from 1 to 3 microns.

ls'gf Osfide effect
nother

[0070] Another embodiment is the device wherein said particles have a
mass medium aerodynamic diameter 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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[0074] Another embodiment is the device further comprising an effective
amount of at least one sustained-effect opioid to provide sustained relief,
Whgrsin thesgpncentration and type of each opioid in the formylafion is 001578
selected WO 24)0,/082369 1'C1'/CA2004/001578 so that, during o
inhalation, analgesia is achieved before the onset of said side effect, and

the 0 tslet of said side effect occurs before the onset of toxicity, and so
th3PthE AU e Sploia RESHA correhirdtioneioss Aot et kraid side
levélscwheretethesensset ofidaidisidegeffesiaad befdiseddyRepatieniddy, and
5 linate | Hon to avojd taxicity., [0075] Another embaodiment js the :
e B e et G T cHgBrPbacn toxi
métpEimeVRIEEhinG 5 -gisairohidaid rethacibe, bydromonsons; the patient to

m?@%iﬁﬁ?@ﬂ@ﬁ‘aﬂﬂi@ﬁt@%%ﬂ&ﬂ/in a hiocompatible carrier that delays

release of the drug at the lung surface, and a 10 liposomally

erC98Sllated oPISIHOOTBLARBIREF dinbibainssnids thendesiicetlihereiteast one
theiperemaliicancapselaied apigithis HiBRsomalbhrRcaRsYIBI IS eNAM ronide.

[OO??ﬁ]ﬁAnother mbodiment is the device wherein the at least one

sustd %W@ﬁectﬁéfﬂf&@%p@%?en fRsmsHgiphin@anPRiidorfampsulated  in - a

endapsuipteith < sdemianyht (00149 Avihes embedimenkisithe@8Yis8rface, and a
Wrﬁo%esig th(ﬁ 0 ri]%igssir\tpe Eorm lation consist of free fentanyl and

lip somgﬁ/%ncapguf‘a‘?e%dfeﬁt'g /I. [0079] Another embodiment is the
de¥igébihereinAhetratio efmboricestation tfdregefgatanyhtardiposp@aliposomally

e wlis;: 51020 2:1. [0080] Another embodiment
is the evﬂigs:at(g véf@rﬁejl?r%{ %1;{;681%%&8 | §£C§&?J§%%§ﬁ%%ﬁé%“¥£many| to

lip®$brhlly encapeiietedfeimeainyeis asotn2: 3leydG8 1 Harethethe at least one
ershogimentissheRyFsiRISA the Pt ppia onyis &

250 to 1500 mcg/rﬁ% 25 [0082] Anotheﬁ%ﬁ%%%m%r%ﬂgqtﬁg%%ﬁl\ﬁ@yw%%%?ﬁu‘amd
th&FARation comprises free fentanyl in a concentration of from 100 to

790amey/ml. [0083}rrotabeaRerimentis the deyicewhareihth@picids in the
gﬂ%ﬁﬂaﬁgﬁggmﬁﬂ?,?%ég%ﬁg?%&‘ r%%cae/l sgé%trgglff g?wacr?a%slﬂlgted fentanyl.
[0079] Another embodiment is the device wherein the ratio of
concentration of free fentanyl to liposomally encapsulated fentanyl is from 1:5 to
2:1.
[0080] Another embodiment is the device wherein 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 meg/ml, the free fentanyl concentration is about 200
meg/ml and the liposomally encapsulated fentanyl concentration is about 300
mcg/mi.,
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30 [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

oangentration is about 300 mcg/ml. WO 20055/0S2364  PCT/CA2004/001578

A('T7CA2001/001578 12 [()()85] Another embodiment is [he device
wherein from 4 to 50 mcg/n;in, of free fentanyl is deposited in the lungs

dhoiig inhalat//i‘wmﬂ[@@;&fﬂw}ﬂm@meimbg@liﬂ@)@%sm@ﬁ@?vi%:\Aéhﬂ@i@dfﬂmg/mm.

10.to 20 mcg/rnin_ . of tree fentanyl is deposited in the lungs during

inha §ti'5rr1r{% %gf/dé%%a\%b‘&%%rmer%rhboﬂﬂﬂér?tfiigriﬂérﬂ@'fi’é@’ﬂvherein about 15

E6GmIn. of freetfentanylisidepusitet indbedungsaturingdrhataiono meg/min.
Anether, ment | vice wherein from 5 to 150 mcg/min.

(Lﬁqlfp%sorinaﬁy é%?ag)p%%&% fZﬁ?jH?}]%ié 8%% i’[@bqwgﬁg‘lungs during

I994iakion. [0BBOIN&NGIMEPEIMIBOdIMmehEisithécdeviceraihessivufram b@danin. of

A9 MealEHD: A%eﬁ@%&@'%@%@&%ﬂ% Lﬁ%@gms_ deposited in the

lungs during inhalation. [0090] Another embodiment is the device wherein
%Rﬂ%% to 60 HEHIRRiIAMBPTipegBalil @ Aeaissultsdeientzmy| istdeposited/min.
o1 live bangsiuringpishiakaionn 9914 AoaiecemPUITERLS AR SRYRon
%ré!n frqm{ﬁo %45 mcrglmln. of liposomally encapsulated fen nylis .
ﬁsgpdg ited in NEALIGHS BORRYRRLISHER. 42/ [pood|otpistie e B delishemcmin.
thdintesdoeaihenetnfrom it A0hneglBiibs p tokatiapiaidis daRasitthifion,
wgégé‘ngs dur@,%;ﬂgalagg n. g%09n§]iAr$th§r embodiment is the device _
herein from' 10°t0 4 mcg?mir? oPt8tEl SpY6iE IWRRIBHSHEE A thie [BRgacy/min.
dukrepinhalatiormd0o94]eaifetiiengnbddinent dsith@ dlaviee whergimfation.

5 mcgimi (0] ioid js deposited in the lungs durin )
o (0o K R e Bt e o 2o mogmin.
foriiRaRaTBAlcBRYsIseiRG fontnoye diffepestiepioidapdualydingiag inhalation.
0 ation w i 10l re free fentanyl and |i mally .
et o o ot e & Wil o i

BhACGHiRIS thishde T i ik BBRSISfiBE Alfeataidirand morphine.
[0083] Anothenembedimantiitdheisiavicahersindhs {armiatian aentainanin,

B R O & S R AL SR R S et

[0094] Another embodiment is the device wherein from 30 to 35 meg/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 fentany! 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/mi.

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

[0099]Another embodiment is the device wherein about 250 mecg/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 meg/mil.
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[0098] Another embodiment is the device wherein from 100 to 500

mcg/min of alfentanil is deposited in the lungs during inhalation. 30
[Q00lANether embodiment is the device wherein about 250 meg/min Qo575
alfentanil is deposited in the lungs during inhalation. [0100] Another
embodiment is the device wherein the formulation contains morphine in a

SEETaon o5 S50, 1A750 Moyl B 20RUARE 100 (o 2000

A2004/ Another embodiment is the device wherein
frowpio0 o POoP i rARPOBlterfhife idsndspdsited i MaliBRgs during
inhalation. [0102] Another embodiment is the device wherein from 200 to
1@ ancg/min ebmerpbinedsidepesitedia thevisagsturing ifbalation. & 1000
[0103 Anoiher embodiment is g%] id%vic? wherein abo t§ 0 mcg/ruin of

i(a e u Lfli

riBRSATHE R FHURE Sl ihg' IvatatiSie [0104] Afiother

embodiment is the device wherein the means dispenses between 0.2% to

198 6¥xhe formhnatioer penhsisiragonis[0105iexisstehergie @Rstihed0 meg/min of
INYeRtQRdsSan-pBIaid RAMiRistragenihd haamppsing: a pulmonary drug
delivery device as described above; and instructions for using said device

c rising the, steps of continuously inhaling.the formulation using sai
TR siaHSRBE AT e et ShalaL b i Yrpences
abthie/ensetsk acsithe effgot. B0 Asotindeaspect of the invention is

an opioid administration kit comprising: a formulation comprising an

effgrbye amou@ﬁ&fr@trlea%sgémeofraﬁ@-m@em@aio@ and @pioid administration kit
pharmaceutically acceptable carrier; a pulmonary drug delivery device
cOMPRSHEYa container, an 20 outlet coupled to the container, means

coupled to the container for dispensing particles of formulation contained
therein through said eutietraoickintdrthedalivyvthioigh axteaivieésabove; and
conscious patient effort and at an effective rate whereby, during

inhalation, analgesia jgAAchigyad kefalsithesansedsfien epiajshisitle efteeteps of
and the onset of said side effect occurs before the onset of t Xidﬁé

| . ty, and .
B2 R ARG GRIBIH BRSNS BanB AR 1608 g elation

toxinde\elssfant ryvhaeehydhaonseat of saidssitdeceffecttcsira kdasdtbdly the
patient to terminate

[0106] Another aspect of the invention is an opioid administration kit

comprising:

a formulation comprising an effective amount of at least one

rapid-onset opioid and a pharmaceutically acceptable carrier;

a pulmonary drug delivery device comprising a container, an
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
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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inhalation to avoid toxicity: and W 0 2005/082360 I'Q "C/CA2001/001,78
14 instructions for using said device comprising the steps of filling the

o@ptaineswith the formulation, continuously inhaling the formulation using _
. . ' o : ) PCE/CA2004/001578
said device, and stopping inhalation Wh§n satisfactory analgesia’is

achieved or at the onset of a side effect. %’[0107] Another embodiment is
the opioid administration kit wherein said formulation comprises and

effective amount of af' IBRUEEHE sPStAIRKYLcHie: dspisR1 U108F RAothRr Steps of
aspiect tf¢heoimegmtionith amopioid frmoulatendanuseynigh aethedoformulation
pravidin algesia to a patient, comprising: 10 150 to 250 mcg/ml of free =~
feLr%t\g]_ yl;g%qé]o %%Qjé ’m%'&gmfi%%%%o | ; ﬁ@aﬁ%hu?gte%af@rg%?ﬁflé’ afgalgesia is
phahindedticl iy acoestable cireeff§0109] Another aspect of the

invention is an oploid formulation for use in a method of providing

amgdgesia to a paben thrayahiRauRenAUYIUIE iR AFRIBISYAI N rain said
c}j)grpé%ﬁ%!?{gétwo or more different opioids, excluding a formulation wherein
t

SNBIRESER HaRTPEEPIFERBHII e At dpatiatee feHEAyIcteffect
pbaiwitAceutically acceptable carrier. [0110] In accordance with further
aspects of the invention, there is 20 provided a use of the present

fagpgggtion in proyiding analgesia to ient.and inthe manufacture of a
rﬁedic@ment for doing saége,_[mlt?%] ’&%ﬁéﬁg&ﬁ%?{}rf’ﬁﬁé ig(%gnégﬂn ton %r usemna
pHIaihRARE R VIdIRTASRigRTE deedpaiirntocheprisiemnt invention can be
determined by the person skilled in the art based on known

pharmacological datai 86 wetsas-tatprghphasmasekinetic 25 and

5

pharmacodynamic modeling as herein described. Such modeling is

intended to ensure thgt apalgesi % t i &c{:ﬂieve before the onset of a
side effect, and that the onset o}?t gﬁﬁlcﬁ | ec?rgf:acjzl 2 e Sﬁﬁ%&) \53%8&&8?/ b and
toxicity, and WO 2003/032369 PC | /CA2004/001 578 -15 to ensure that

once the patient stop& HIARRFEEtBIMacsRakeraHigmot be a

[0109] Another aspect of the invention is an opioid formulation for use in a

method of providing analgesia to a patient through a pulmonary route of

administration, comprising:

two or more different opioids, excluding a formulation

wherein the only two opioids are fentany! and liposomally encapsulated fentanyi;
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 describped. 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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continued rise in total opioid concentration in the plasma to toxic levels.

BRIEF DESCRIPTION OF THE DRAWINGS [0112] Figure | is a flow
diagsamyhigh represents a computer simulation 5 model for,3edation. o157
[0113] Figure 2 is a flow diagram which yepresents a computer simulation
model for ventilatory depression. [0114] Figure 3 is a flow diagram which
represen ter simulation _model for an inhalation.device. 10 .
O e R e e Sl SRR o e -
misddlfor dhiesphariatoRrinieticoprsfilingtiohapitid: atachmiltisteredeteets.

patient through a pulmonary route. [0116] Figures 5A and 5B, taken

togriber e e Aipvwidagmamwhichy ralgseats the SteilaTM computer
simulation of the pharmacokinetics of the 15 administration of a single
ofditRFigure 5A8oWSthd Di\dE Mot elzab PhuestadsikinstoMidetimulation
asgpeets ef theysimulation, Figure 5B shows the Ventilatory Depression

Model and the Sedation Model aspects of the simulation. [0117] Figure 6

[ h showi put of the StellaTM computer simulation of Figures
DA ETa onthatsy dof At S Sl A B, cIGHaE o muiaton

exprdssen asditiiveyotepsmssibguantity of opioid in the inhalation device
and in the lung of the patient. [0118] Figure 7 is a graph showing the time

copgapf ventigiane depreasiRmindhe s IRHRRIMERBRHIESIBMALRNR fmulation
F%s 5A and 5B (ventilatory depression and sedation models
d

RUP A H PG HRVESs a graph showing the time course of

quantity of opioid in the inhalation device and in the lung of the patient. in
tH@BtBjlaTM chigpraet isientitatioifngf g uvbs b Acanes5B{\entitatorier simulation

d [ d ; ation...mad ' ed). 5R),2369 .
T O Sl MR
chURedHr v Ontila@ss/ydepiession n the StellaTM computer simulation of

Figures 5A and 5B (ventilatory depression model enabled. sedation
noddkdisabledjid0d21 FRigune KBis aigsaphosaaengdike dmMewodrserafm which.

qyagpg%{e%ftso%%dSteHaTM computer simulation of the pharmacokinetics of the

administration of a single opioid. Figure 5A shows the Device Model 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 SA 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 SteilaTM computer
simulation of Figures 5A and 5B (ventilatory depression model enabled, sedation
model disabled).



5 in the inhalation device and in the lung of the patient, in the StellaTM

computer simulation of Figures 5A and 513 (ventilatory depression and

sedation models enabled). [0122] Figure 11 is a graph showing the time

course of ventilatory depression in the StellaTM computer simulation of

Figlite¥' 58ReP 5B 10 (ventilator depression and sedation mod@ls e a20.4/00157s

enabled). [0123] Figure 12 is a flow diag‘réFn‘which represents a computer

sim I?%B model for the administration of two opioids. [0124] Figures 13A,

138&{5 $3C, taked {6gethet, Aredrfibw diayfam hRicHMepresents the ventilatory

StetlapMcomputer isimutationof the phatmacokinglies o5 hres 54 and 58
Figure 14 is a graph showing the

administration of two opioids. 0125% ‘ _
Ut DY RN S5 ACr Sl CIAEEH ot Higlipac e S48 eAE 13
expressed as a time course of total quantity of opioid in the inhalation

deviB&ZAd in thé i ofttie patieat erentirgolyedipressiarsand sestatioro? opioid

s modets @napledl 26026k Figiwe1o s, agm%'_éﬁ%{‘% ﬁeti@%?ﬁﬁée:omputer

of conc?ntratio_n gf each é%ioid and of total opioid at the effect S

Stef VLS Blte ! YiRtulRtic 6f Fiylres iRiRn 3B-AESIFT (uenstaitiyn models
depressiedjand sedation models enabled). [0127] Figure 16 is a graph

showing the time course of ventilatory 25 depression during and after

deliygry-6f opioids | tellaTM puter simulation of Figures 13A.

13 ar%z?lsc (vﬁ?i?é%ﬁ%ggrésggﬁégnds sgwéQ%nl(ﬁ%o%@ e%éﬁ?@d)‘?f ventilatory
[0198PEERRIFSs #7ANS 78 iea IVIC coakevicogetimetatioe adlow BiageamsA and 5B

10 whighnepreseatsolae sKialaTscamprtst sinuation, of the

15

20

25

pharmacokinetics of WO 2M)5/08230 PCT/CA2004/001578 the

ad '@g ation of-two opipids, wherg the two opioids being administered
are@alferit‘anil aﬂ%g}rprﬁ%ef%i&r{j%%?é'%g{&T?E!"EI%\N tRE'B&RAce @ computer
MotiBl datoP uaneaéokine tioiModst zispectseb theisimulation, while Figure

170 shows the Ventilatory Depression Model. Sedation Model, and Two

Drygidetel asperisret 5 the Sﬁ@’B"ﬁH@”ﬂmzﬂéiﬂq'@gé%gf,aa%a%hﬂ w diagram
sh ijrég the time coyrse of concentration of alfentanil; morphine, and’
co%meof Opioid At t Féee%ecﬁ%ﬁg rPtHBSea|ziulation of the pharmacokinetics of

the administration of two opioids.

[0125] Figure 14 is a graph showing the output of StellaTM computer
simulation of Figures 13A, 13B and 13C expressed as a time course of total
quanﬁ’ty 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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20

25

computer simulation of Figures 17A, 17B and 17C (ventilatory depression

and sedation models enabled). 10 [0130] Figure 19 is a graph showing
the)thme sewse of ventilatory depression in the StellaTM computer, 5001378
simulation of Figures 17A, 17B and 17C;-(ventilatory depression and

sedation models enabled). [0131] Figure 20 is a graph showing maximum

cQ ' - 0pigid. | > plas inst end of d C | .
o D e ot A red are
stlRsipalicitd aupiistered Withea combiTation Bf fdmaniflandevice Model and

'iﬂﬂ%&%&@ﬂ@ﬁ@%lﬁi@ﬂJ@Bé%@é/'6?“%%%&18&1!5?\9%3(&%%-5%‘@ S0Rs the

shows patients administered with fentanyl intravenously. [0 ZA/(E ure 21

is YEgHER¥HaGRARAINR Mcsiak/Rsdaipe Medes RN tineve Dive 3%@%60*8 of
forrtbeisidrgifects and toxic effects of patients administered a

combination of fentanyl and liposomally encapsulated fentanyl through a

pulmapary route 33] Figur 5 ing t atistical o
C(L)ir% agtfon of sﬂ%[%%fei% ltéo %oglr(% %?fg(ﬁé%%@gﬁ %D%@é%ﬁ?@l%ﬁp& fon of
TRENVENTIORN 02346 tbesdpptidatpnjthatfollewsiigteraiie havehenStellaTVi
fOB_BWftEL&éF‘%ﬁ,ﬁﬂ?&%n[%%%i}%@'gﬁﬁlﬁ‘?@eﬁﬁdoﬁl/'@* %ﬁfﬁam@ﬁa%&@%sion and
relief from pain resulting from the action of a drug. WO 2005/052369 s
PEgIelicrnaRTE 578 IEfD136] "Drug delivery profile” means the

concentration of the drug, over time, at the site of drug effect, as

ddteratihed by Hheguamdéntiand rgtepdf dshgvimdmihisteired teshespatdentientilatory

o e g e ISRl COEIP AN B s 17

effeenbbploitbatkanistranioncdatids defilesdnatiiziapplication as a
decrease ;n blood 02 concentration to less than 90% saturation. [0138]

"Vientitetory depigsrionl) nReanaHeseass)imiberate. H8abaR-MR, of opioid in
a %for flow rate of ajr irgc%? tgﬁ‘ Iun%s. Ventilatory ge[&gession may 10 ,
mAIREACGRARELS EhahHRES BPRRERlIR GPLIoWRIG IR FfeRbsma of patients
bredthimgiered opioid. Figure 20A shows patients administered with a
combination of fentanyl and liposomally encapsulated fentanyl through a

pulmonary route. Figure 20B shows patients administered with fentanyl

intravenously.

[0132] Figure 21 is a graph showing time to side/toxic effect versus time 1o
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

{0 {oxic effect.

DETAILED DESCRIPTION OF THE INVENTION

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

[0135] “Analgesic effect” or “analgesia” means the relief from pain

resulting from the action of a drug.



"Opioid induced ventilatory depression” refers to ventilatory depression
caused by the action of an opioid at a site of drug effect. [0139]
"Sedation" means a decrease in attention, mental awareness, focus, and
sta‘g\/e()oj( ﬁgggcigusness caused by opioids, and manifests in a lack of 15
physicél §fr%ﬁ§fh (muscle fatigue), lack of 1\éo_luntary activity, lethargya2o04/001578
drowsiness, and sleep. "Opioid-induced sedation" refers to sedation

causgeshy the agtipn of an opjo a site of drug effect. [0140] "Rapid
onszggqv%ien used Ft?(j)bdéf!cg/ibg %ﬁ?ﬁ% fd?r%‘ﬂl‘ﬁtig?g ﬁ%&‘?}%@éﬁti‘%’?nﬁ’lﬁlé’l{%ﬁr ug, over
which fas'aiv&riaigediclateetipel repidiysolows the rise inrplasmad2@ie of drug
opicidreaneenitationA [yapidonggtARIoidis an opioid thathas an,
analgesic_effect ithin 5d minutes oftg%rﬁiaﬁsirpa ?&%TS 99" 3%ifege inhaled to
effect maars A FoHAABAsWRARAAS thaiiatyeisicobfaa tiis

sustained over several hours. A "sustained effect opioid" means an opioid

Sthatl 43 nalgesit! wifedethatdastsoonies boowse 35 ARL1SidR effect defined in

means ffesiof ial is not analgesic or toxic. For example.
severe \E;E({abnstjilatory?l d%e%%?ssgi%w;%sg %ér? @xér%)ﬁ(é ot opigIf VYR iilessilan 90%

venﬁ‘?ﬁiﬁﬂy%pression and sedation are not considered signs of opioid
toxicity, but are side effects of the opioid. W(4 2005/082369

P/ TG ABDO4/00 768t keh0 13} SSiie of e#@&ﬁ'sfeﬁeféé%%wi?aﬂr%l rate, tidal
ea

hypgthetical i rug action within. the patient. Site of effect” may .
compartménﬁ@fﬁ;ﬁ)oody,r&gﬁcﬁwa tHEBralle thidfver Vo ifatepledspiepsion may

'Omay Reiiethesrelicanand usikmnasslatatioaibased O EWIRRIORAIG! breathing.

phammasekinglic=anQdeling For le,.it is 5 known that opioids exert
their analgesic actions, In pﬁ,qgé%gﬁagstgn y %Oefé%rﬁt 8Iobt RO GSRign caused

cord? BRSPS oripiibRt arfigebitrefietieThe concentration of
opioid at the effect site may be determined by direct measurement, or

thrd0@R%he use quhmimnacoldaetic ant:pharmpagedynamisn Megaling at@reness,

[0144] ;. i " means the amount of drug needed to reach an
anaﬂ(ﬂ gsib%f%e%%%n%zé]gﬁ]n%@g Wga?uﬁ%%er%wna%?é%aﬁ%’té?@ﬂ‘f@ﬁﬁs"ﬁh@ lack of

152018 Wa%icsm@ter.(mua_@ms@w,t_hwdkalf(ﬁf thelonmulati@imass|ethargy,
of altpasiiaies, isneosiaineddpRaflicles.with smaller, (%f!eargg%)s%@zggggegused by

anc% wherein the . ,
he action of an opioid at a site of drug effect.

[0140] “Rapid onset”, when used to describe a drug formulation, means a
formuiation which has an analgesic effect that rapidly follows the rise in plasma

20  opioid concentration. A “rapid onset opicid” 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.

25 [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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15 aerodynamic diameter is defined as the diameter of a unit-density

sphere having the same gravitational settling velocity as the particle being
MeaskaM2 94 46] "breathing rate” means the number of breaths taken, per, <
unit of time. [0147] 'Titration to effect” megans administering an opioid until )

a 20 satisfactory analgesic effect is felt by the patient, 'then ceasing
agmipistration of ;the opigid..{ "Titration to side effect’ means . = .
a%iﬂﬁte‘rin‘g an ,opiqid ur% aq’s%lﬁgzge%ec% igi%ﬁfct#eﬁrce ’%Pn@e’“caﬁ site of drug
adfiiAistraiion rhBadisasing st elorflinistrationom sy deen vatumtatyo(ftre body, such
CXRMALE LRUINSHBCARG Pafienisiiananss 2R IAPTRARLING €2 WA ninown

when they start to feel drowsy, dizzy or short of breath) or involuntary (for
XA Wit G doaph jerapla cetresith e erebivedosagusioe, it is

opieithrdurdp vemtitalosyslepressian A sefationhi0149) Jhe tBIMse substantia
"toxic", "toxicity", "toxic e{fect" and ';gpiojd toxicity" refer to effects of
0

opiordy it paddaitENT4Erisk o Gedin? FoleRarRplE oAt S effect. The
conmeniyeproduce mudiestamidentsitévenitatorygenessior thatd0ssy direct
li i iF 9 1'C'rh~~1~?60-C/00T578 -20 to a patient. ,
T P e Do RE R et PRalRRsodvnarmic
vEmRiteitg . depression poses the risk of hypoxia, loss of consciousness,

and death- Thus, severe ventilatory depression is an example of opioid

tagicay) while raicbventilatasydenigssionrs Rekconsiderrt &8l reach an
oglir?éﬁi té)xicit% 5 [0150] The present invention is for use in patient

seffadmifist gt%‘n of opioids. The invention utilizes the opioid's side

effects to self-regulate the amount of opioid given to a patient, thereby

tdffdrg the doseassacimeiethesisatieatisiandlgesitrequizanteiits, whitedynamic
avpidingstoxicityapd ety [{Pﬁa?HJ#‘%#%%%ED%J&Y%%‘%E’&%PS .

the patient's perception of 10 pain. There are many mo les of ﬁhcfavgt?n'gdes S

nfiRNME RfstePatePRHED Y BhisIHa!IaFe (Bie Migindtayianeawaamend forvherein the

madecsiedmizeVeradains iBeRERPasee NerBRITAL PHSEYRRPRere having
e%eer the patient or the[‘%’}l%.ent's care provider open a prefilled vial of

opioid in fiogia SoNRoR, SHILIEYRQRMASH I RAANG S8 Nth B SRfER

added to a nebulizer.

[0148] “‘breathing rate” means the number of breaths taken per unit of
time.
[0147] “Titration to effect” means administering an opioid until a

satisfactory analgesic effect is felt by the patient, then ceasing administration of
the opioid.

[0148] “Titration 1o 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



15 [0152] The nebulizer is then brought to the mouth, and is held there

with the hand. The nebulizer is not attached to the face with straps, as

this prevents the self-limiting mechanism from working. [0153] With each
brg@}@u(gg}gﬁg%@ulizer releases a small amount of the liquid opioid as an

aerosol. The aerosol passes through the Ratient's mouth. and 2ZJifito e 1578
trachea and lungs, where the aerosolized opioid is deposited. [0154]
Threughpsttithis patentapplication, nepulizer is also called an_inhaler ‘
or an aerposol Pyulmonary drug dﬁgé?fddsvﬁcé%%ﬁﬁ%ﬁero ‘gﬂ/drz a1y Flowever,
[

eithier & RebUlZBHYY dHUBGREST E6fwbirned With of sommesoflcompiessadiousness,
air encosygien, orany©iber aeresebgensmting device for the ST
adrmmgtgq\ﬁigg e%??é (g¥ba(825 wag of the lungs. An aergsof(%}lﬁ%eqn%ftr?/pcﬁ%dg toxicity,
delivery device refers to any tevice tHatSIGHAeHRE asiesohzamisidpaicity.
substance for delivery into the lungs. Various nebulizer technologies are

> kndWPShd availkbfe iFeaRIRINO15E] Théaatesef onsetiohppioid-dmgisiration of

10

15

effegtdsibelieved tokeshctatenRy the shesd-at which the opioid epters
thealnulng%t the rate of absorption into thsﬂgogété\{ra?c %%%ﬁ%tité)n ar érﬁ%”ate the
rate at which (1 YipBiF ErSs L LR Hiobte Bain 'WIoino 0568286918 1achieve the

PO ATAR00S/BIBY5T BhaideieSiemenapiaidsa el A8iAfentanl.and
remifentanil, cross the blood brain barrier very quis K=y, and t11hus

prqdysejvery ;sapjd guseto . Qther opigids, such as morphine
an%l mori)hine-6-g|ucuroniég,r%!r%gs\§ftr§rﬁa hlgg&ﬁ;lg?ain&haﬁ??eﬂ?émﬁnﬁ@/ﬁcepﬂon of

anbtus' BROGURE LGBV 'BRSElIHkR siistamistetiddti® foddekAs tamopigidpioids

crassetmthmblasdprainrbaien:ltst tthe site of dru
ach fr\g{éoggh in@somre, instages,ﬁ%rﬁ%%gﬁgse%%gg&é cl??ffreerseoncfﬂf,g to the

typically, as CORCERtratiBih-of BloitTnerdigsk $ 1 tHe ettdient feltasgeprovider open a
anelgikic effechisintecetfent jigor tesiarffechrindhahatdely 0154} cmuision. The
qu%t%)égsgéet%sgogeiﬁuﬁgea}nd down regulated by the opposing 10 '

actions of opioids (which depress ventilation) and carbon dioxide (which
iniﬁ %szis ventil%tion). This occurs in a feedback loop as follows: initially
the” opfaids will dépRERES iatbAN Beeuakeithéhpatientts mot éxhalingrase with

miich heardhoTirdioddelithe ileviek efigarhon:dioxide. ienks blood will
risﬁ@p&%ﬁjﬁn&ﬂ{c@?ﬁ %;’onglde ri{ses, it stimulgtgﬁg%;nﬂ%ﬁ%ag%i d%stg]t'tsmpgr events
the opioid-induced 15 Gertiaton) di¥ratgion. The opioid-induced
veﬂ%tilatory depression must come on

153] With each breath, the nebulizer releases a small amount of the

liquid opioid as an aerosol. The aerosol passes through the patient's mouth and
into the trachea and lungs, where the aerosolized opioid is deposited.

[0154] Throughout this patent application, the nebulizer is also caﬁeﬁ an
inhaler or an aerosol puimonary 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 def%very‘ device refers to any
device that allows the aerosclization 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 th ol ' i
, 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



sufficiently rapidly so that it occurs as the patient is inhaling the opioid,

thus serving to limit the amount of opioid inhaled, However, it must not

come on so rapidly as to place the patient at risk of toxic effects before

the carbon dioxide has had a chance to rise and offset the opioid induced
venltitatdly‘d&stession. 20 [0158] The amaunt of opioid inhaled iByrth&2004/00157
Patient each minute is proportional to the ventilation during that T]InTte.

As lation becomes,_depressed, the rate of opioid delivery to the lungs _
is d\é%?ﬂgé‘e%n%?gp%pr't%a]salﬁﬁ‘?ﬁ hid (G He st BT tiemsiy iafswied bipod brain
ventikitiry d@m@%,dw@e&&egﬁ?@;ﬁl@ili\?ﬁ@f gﬁﬁi@taii;%gg%ﬁc drqg_de]ﬁfect. Other
self-adminis i e of opioid. The slowed uptake 25 of opioid from ‘
venti atc;ry ’dﬁ?@é%%ﬁ%?@%‘t%% %Ré? o%ﬁ&?ﬁdﬂﬁiﬁf@?%éﬁ%% eEESation Bipod brain
drug YERTEAS hFbgH firddheetrod sedatiosiof0 bEOEASthe. opiviss exXest.

their analgesic effects, patients will become sedated, in part from the

Smitifgtis of theirpaine inparg duededhaiside sigcts 9f, he enioids As. | exert
sedgrtfig&}g%}/%l%os.gn &at'ents, it becomes difficult to hold the 30 device to
the MoUth, Maintain a sé&i%ﬁﬁ“% b AU Bresrectiibiaghanen désice may feel

maintain
to a@ﬁﬁﬁi@t@ﬁadﬂitimn@b@mmd.alsnstﬁacbﬁh@tl@ﬁtri]@rrl]bb@ﬁcmﬁ@e{%]%ghﬁ%/r\llggﬁeots folt
2005/ ~ 41901578 22 through the nose, or through the
moutf?ﬁ%gg%)%%(% ﬁ(l%% ’ri%%%h%%@é %?%1%8 e ﬁ‘ﬁ%ﬂf‘\}\ﬂﬁ% %é?éasw_]g

se t%%r}, the arm drops away from the airway, removing the device from

the thoUth. This B ?ﬁ%\ﬁﬁg}%‘ﬁ%ﬁ%ﬁdmﬂmé@%éﬂm@am@ddmwm opposing
10placetatrs |oweo;a‘u!eﬂsofmf]ﬁtiOcﬂliz]byz@@kmvi\i'/lflﬁgr@v'%‘é %c%l!l?cﬁéﬁﬁm%e (which
h ing.a weight to the device. Weight of the dev
agﬂ%&%ﬁ%ﬁ%ﬁ@gﬁ{o{\g 'plgn'esnf),(:&gﬁ%ﬁair?ngﬁq‘H%C?ﬁdl‘RﬂHu%‘-’r Ffﬁ_@i@ﬁ%"s_ initially the
strélietdpradedationes[0t60]:8mceRbeside erﬁf@qiiwrtﬂ%qp@%%ﬁm@l% much
[oY trati s.compared to the opioid toxic
ok SR, s TRy o Pt iote
creatEdMHaYi ehesaait Gty alemivistibaiom oparilppitie {orathe opioid-induced
15 combinadien, ofl QHeddRe Sffici low;: loy for a time ga
ggtw%en fﬁmy onset of gﬁiﬁ@%@éﬁéﬁ@%ﬁﬁwﬁo@% %ﬁé% g'.QFhré%g\EeC ome on
mut a1s6 be srlgwd@ﬁéﬂgH‘?éétcB‘FﬁHé?e@Stdﬁﬁ@@t@“@fl@ﬂééawﬁgthbeopmmgi, thus
to attowrfgrithénainsiet eisideefiestsomilee #oI8R RSN R8st not come on so

admipigtered i place the patient at risk of toxic effects before the carbon dioxide

has had a chance to rise and offset the opioid induced ventilatory depression.

20 [0158] The amount of opioid inhaled by the patient each minute is
proportional to the ventiiation during that minute. As ventilation becomes
depressed, the rate of opioid delivery to the lungs is 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

- 25 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 ‘o hold the
30  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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[0161] In a clinical study relating to this invention, heal_thy subjt_ects were
directed to inhale a fixed dose of the fentanyl formulation consisting of

rapidiysasting free fentanyl and sustained acting Iiposo.mal enggw{@g%mm
fentanyl over 10-25 minutes. In this stugdy, several subjects attempted to

self-limit the dose and 20 required external assistance to receive the

entireudhsenSomessubletinagh- timpitecbihg dase Dressid outhﬁoie?e of the
opioid-inducgg. entilatory depression, with a decrease in ventilation rate

redtiiG the MHbURESFRHY im@danots: subjectonselivaitedi e doseairway,

beeawségf $edatiotecandiheicinabiliy toheld @E;ﬂi%&@é%/e%@gg@t%ay be
e .

tinue inhaling fentanyl. Some subjects exhibi ) ‘ k
?%@#?ﬁ%?aégegr‘%ﬁg%?j&% rl%%% ti%n?f"’w"mt IPYAEIOSEIRARIPRMAPRKING the device
adeiibisaaip ey theopiiynedding rauteshefore gﬂ@ﬁ@%@d@l offeiayl Bie device
administe t is intended fo be inhaled overa™ =~ o
dgﬁgeﬁeﬁgﬁgﬁbﬁﬂé}& p%%@%qgfté 5”(8?9?’_ B sL (oA '?ﬁirﬁﬂe@? 25‘6‘5!8%' patient’s
ind{Ried v erfiteesistiatepression occurs while the drug is being given (and
before a toxic dose is 30 administered), and/or 3) sedation occurs while

thie tBop is beigygiven-(ane before aitaxic éﬁjgs’ggﬁgm;tgéggk'a\{vﬁwer opioid
have found. that these factors can be 11 w0 2005/082369 o
AeRRENoI G P57 USRI ILFoyRieigimg thEacie at vikith, apatient seli-

opiiigds gipencto advaiti ntaﬁ@@orﬂé@g|M3é@h62&|%_ff§{atlﬂ?’roh%ort)@§%do &8 ngonary
100 ini . er 4-25 minutes, The total amoun oJo

I S8 e e P ARib - RE G SRR oG ety s

ineladiy theayiiaolepidietoeeoritination of epipidsidetverrd 1andiB8: of toxic

' ic di of the particles  bein
T an e LU B e P St e agnost of
iSIRAGEIRIEY By Oraépt hammsiatdnsidrl sfieds the mtiset tesabilitybeing

tadmvwoktiatatly self-limit the dose through the onset of ventilatory
depression and 10 sedation. We have found that. for an

i and Db 00 G oA ot er e i) (ReAGurBaaests were
P b by T
B L R s e
o}gﬁ@migy@d@ this study, several subjects attempted to self-limit the dose and
required external assistance to receive the entire dose. Some subjects self-
limited the dose because of opioid-induced ventilatory depression, with a
decrease in ventilation rate reducing the amount of drug inhaled. Other subjects
self-limited the dose because of sedation. and their inability to hold the device to
the mouth to continue inhaling fentanyl. Some subjecis 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 b

be
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mcg/min of free fentanyl and 10-50 mcg/min of liposomally encapsulated
fentanyl. [0164] For other opioid formulations, we expect that a

therapeutically equivalent rate of systemically available drug to have .
s%%lé@’%{%é%{ages. 20 [0165] In order to,prevent peaks of opidid /é‘ffé'&“” 001578
that are more potent than the concentration at which patients stop taking

the drug.in.a multiple opioid, formulation with at least one rapid-onset _
op%(o)?}cﬁéarllé P %aaéig%'ﬁg %gs%ﬁ%e@tgffé’ét VYidid Ale B0KLt ThalYRB ridiiofatient
sustairédffect opioid to rapid-onset opioid administered should be less

than 1:1 in terms of therapeutic equivalent potency. 25 [0166_3] Another
faptaeaffectingrhersaie f aginisipaton R RIgd S @eaﬂﬁﬁ'@g{éﬁr%d over 4-25

breathing rate. We have found that a breathing rate of 10-15 breaths per
e.a’

miA(E'S ROV RO S HiY P&t@j%?ﬁ@f@?é@ﬁdl@“fﬂfdﬁoﬁd% minutes will
resppase (s @gh@réncﬁw@mlimdm?tﬁ@ﬂ%é,d@ H5ic \@%’Hﬂ%ﬁéﬁlﬁ@& opioids
inful stimulation. In th ce of very severe pain, ver i _
O e partce
béing Y\ohaB05/0828 68! POTEABAGHAOE s Ak a;dr@irgséﬁ;seer@@mi%ﬁeot that
To] i igher es,to produce both the desired therapeutic .
o 0 P R T B o doanass o
tolBYRBIEE Bhysititmt Hagedssaght dmpinoted meansabﬁ/admﬂmwwmgessl ion and
iQigs: i f id required to adequate
L g LD R A
dd8BHBeY inUBmIYh, Pedients aindpeianiargs ke 6Pbploimito proviiehine is

angigesiaeamelaettaadminsteneiiber & largenuplupient grd inhaled micany
over a longer period of time), or can be offered a more concentrated
soe}\dﬁ%?iggf <§%%?} be inhaled over the expected 4-25 minutes, 10 Either

way, the opioid-induced ventilatory depression and sedation will still

attehbdle, andfeventily areiiramdally adoinistiation teefiare/tdximulation, we

dogge ssaninhaled Sreferably. dhehatien \é({l/%x]mlee 5?&?6%(1(@390(\)/;) fum at 10-25
longer period of time. Conversely, a patient who requires only a’'small
dSREHRNesPefisifod thbaausirans pHinbfeliBtasstara sHottepdnmaltioncapsulated
pesodnyhe patient can elect to not inhale 15 additional drug. '!'h_e patient

who unwisely continues to self-administer opioid despite obtaining the

deféi{gg]pain refLigf vg{h%%pg&%pﬂc %o\??nndflaagg%,d%geesggggct that a therapeutically

equivalent rate of systemically available drug to have similar advantages.

[0165] In order to prevent peaks of opioid effect that are more potent than
the concentration at which patients 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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[ [ [ i i ding to the
and sedation, which will then either voluntarlly_ (accor _
instructions given to the patient) or involuntarily (due to the side effects

themselyes)attenuate and subsequently tgrminate drug qdrq;glﬁt:%%ﬂ 001578
before inhalation of a 20 toxic dose of opjaid. The patient is there oré
empowered to self-titrate to analgesic effect, without a lockout period and

ithray ' I, The selection of opioid and opioid .
oot (o Sealobet Bae o DCIBER for ik U s osirec
CORSTRSTAtOrPEPHE e @6\9r‘§ef@*i@b19idﬁﬁfsmtsﬁomfrmthteeltwtg/m@pmem of
theeplasspacandi dhestinve posiese of Rioid : Er?rﬂﬁ%%?m tgge,p!%S%] fﬂ'ﬁgfermg
the.site of drug effect (e.qg.. the brain or spinal co ds). 1‘% ome 0PIt .
é)r%%séso’&aﬁgg \Elﬁﬁ LG At risietrdmianes vy i thespstearity tailor
direulpiinin. tSdhexarapieotheiahkreiption offggfentanyl from the lung into

the Plasma is nearly instantaneous. This would likely be true of 30

i il, aj ii fentanil as well. The absorption of free
e WG 21 10eI0B2568 G kEo0 S e ekeac o g doses o
|P;§%S%i§#%épeﬁﬁ%\6§@|aﬁ@@i@éﬁ@@ﬂr’fremqheolungn'mmerpmmaasﬁ@eﬁl%@rme of
[Odg 1] SeamsopiQids are Ci@éﬁgéﬂ ity Vﬁmé’g‘p'grtrfglgqs f%{?fr%rgetreed a more
plasma to th& site of drug effect For example, peak affentari and .
remireRtE s LIHERRt tigfﬁ@a@tt@slf@é@m@eﬁéﬁa@o@qwcmthlm-% minutes.
iaitete siafyinttay e DRLSANREIRR. Qéh%f_a@@ig)'%@F@&%&R%&dé’é’ggﬁé‘?{ywn| siill
lowy, frapsfer gom the plasma to_the site of drug effect. For example, the
%egﬁ fug erect ﬁ%@%mﬁﬂ%‘ﬁ&sdﬂ&@wmﬁé helpisctodmykdes are
W@M-Sﬁfmﬁ@mebwﬁoﬂmtmﬁﬁnemﬁthfﬁ\airdQﬁ@??gu@&@é?dg]{gﬁ%ﬁ‘fﬁigg of time.
miti ioi i tem to work, one of the opioids shol _
e AT bt an v eRsre fromiosre
e pladeiattane swdropibaladioy péect, ?Emammﬁﬁﬁﬁ@@licggfﬁﬁﬁﬂhhale
. i il thi r .iiralonse.m_a > .
aperiiing ml mea om0 o ceB e e ot Reelatyoviod
?%S%HS\A}?P“ﬂimBag‘i‘i‘% %eﬁ%ﬁ@@iM@imor@ﬁ@éiwﬂhem@ubedqqae@materﬁ abifession
meentiaativith &/BipelevaPiaish _w@v%w%gaéﬁ%%m%mg!g&h.t%éa 1 ructions
08 t%)ic%'%i with a slower acting, but sustaine ect opidid gives |
!refarre i regulea&s Béﬁaﬁ@iuntamy (due to the side effects themselves)

attenuate and subsequently terminate drug administration before inhalation of a
toxic dose of opioid. The patient is therefore empowered to self-titrate to

analgesic effect, without a lockout period and with a lower risk of toxicity.

[0169] The 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, aifentanil, and sufentanil as well. The absorption of free fentanyl
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typically feels analgesic effect for longer periods of time with such a
combination, [0173] If the desire is to maintain the opioid analgesic effect,

then I sy 49 be necessary to combine the rapid onset opioid, wit Pﬂ 04001578
opioid that has a slower onset, but sustained effect. Examples of su

formulatlons include (1) a formulation of fentanyl and liposomal

?e%sslg ?té {‘FSW oég%%lf%rgulatl rﬁgg}%e ?é‘r;lﬁk i%lfeﬁﬂ;}agg#nt{}%ﬁ&?ma IS

entanl ntan in combination w
off?é@i@@rﬂanll, alfentanil, sufentanil, or fentanyl in combination 25 with
methadone. Care must be taken to prevent a second "peak” of action, at -

thgmmq of madmie @ﬁ)&ﬁﬁ@f ihe susiinedeliagt QRIQIA, IRRT IS XGRS from the

gf]n the [?e mc% the p|d onset opioid, which allows the patient
881'%ue’ & leegli |I%¥H%8 e |soé@¥ﬁﬁ‘§ﬂ§r|rﬁ’6@ﬁeaﬁﬁiﬁaﬂﬁl?ﬁ‘]j\f@ﬁ@??ma””

a @apmbonsebop|aidttsacembnﬂefdwgtbfmoptﬂidrvmhﬁhow R @t@%ebfinﬂravenous
0 tration of hot ioids is adjusted so that the

s e T T S AR B Darnem o

W@Z@%/@BQB&Q afeTCAR o4 0PIS 78 e Béal@at@teﬁtbethefsiawamsetavenous

opigid, DreyaRigiARsALQPiRd ag %iaﬁ‘ye"?ﬂyﬁ 5% Sy$tem O SOHSE ot the

triggering side effects in ‘an adequate timeframe e have found'
thik{Fleeffects are experienced before toxicity |s reached. More
specifically, subjects that experienced side effects at the end of 5 dosing

o @hde]y after Eommetieanfoﬁmmsh@gabdamptj@m@@sg;t@té%i%si%mﬁ%§ of the
w t thate erien ffects during dosing and
R R TR IE Wi DG BBk alaptr. and rapic

or Were coac conti
tOXRINSS es pewifichiy plagpuxit ﬁﬁ@?@}e{\s’fcapmei appeecidted Betherahoxgentanil,

deseRuen, %{l‘?@tl‘é%%m&ﬂl%ﬂwgvné'% £€ Sgtgl ho)@?elf A ansef). It may be

understanding of the pharmacokinetics an armacod mics 0
miod GPRABE KIS0 tﬁ%@gﬁ%@@@taﬁuﬁw@w afieatelatibnishiphetweeresently

ORI Caren dioxide preslHeion angisling Q@%QW@@Q%&%%@%O& ) m}/entlon

care{;égl selegﬁtlon ofﬁne or more opioids, and recise determination o

th& Bh B RIS R il Gl Bt ting W%}%@@%ﬁr@ﬁ@m@wth a

tossmhigvectivgy desiredsetiniedl @weﬁieagfdhegdré@ alhefnadoaulatiands patient
harmacodynamlc modeling of the

h k
?\é%%rgf?gr%}g eé: ma?t% osecfgpr)? Ph9StBR PTG BRP UGB agunbination.

that exhibits the o ‘
[0173] If the desire is to maintain the opioid analgesic effect, then it may

be necessary to combine the rapid onset opioid with an opioid that has a slower
onset, but sustained 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 prevént 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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best patient safety profile while still providing an adequate analgesic

response. 20 IN THE DRAWINGS [01,77] Figure 1 is a flow diagram

which sepsegents a computer simulation model for sedation. 'P&U&%‘(}{,, 001578

diagrams, squares represent amounts, ajfows represent rates (amounfs o

per unit time), and circles represent either a calculation, rate, or constant.

2510 gUre; 2.is iagra ich represents a computer .

o e e B B S B gty warning

didYPErTWhRG e presentcasidimiiireicdmulaitamuntaéirelraminhalation

device. \VO 2015/082369 PCr/CA2004/001578 -27 [0180] Figure 4 is a

flolidiahram whiehepresents mgomptersim Wationpmesetdaribre toxicity is
s administered to a patient through a

p kipetic profiling of opioid ]

p%ngg&r?g% rgﬁ%reé F@%gﬁ%%ﬁrg%%é CBnd 813 RERERTET stter Sllrels fidne end of
diaigrang whidtortyrefieesemtathecBteliabMncodipuier sioartatiom abieside effects
p ineti inistrati f a.single opioid, Figure 5 ‘
s e A 10 RS o o
sif{ElatieR2HIgard S BEHBWS the Netdlaory Depyession Modekiaiid theecifically,
Segatier Model aspects of the simulation. [0182] Figure 6 is a graph

showing output of the SteliaTM computer 10 simulation of Figures 5A and

5 ilatory depression and sedatipn models disabled) expressed as a
tii(gfgirse of gﬁa%?ﬁyg%? oaﬁBfng}%f mﬁﬁgtiaﬁoaév@%ﬁ’a%a?fﬁ@'@f“ of the

opidieniothe hangres the) patentFhexdaxisashows thenin phinwesokinetés and
a 'ﬁ its of f ulation, in.mg. The tof druginthe

inﬁal%?ﬁ roppec stgédﬂ?/%@éer:g)t%@ Hrst %’)‘%gl%’u ijlo@gti %ﬁgﬂghgﬂggrﬁandmg of
arfburRiaiereRjne iy Retyspisfidetsaheonetiprote ssed ot i alatienirfrdtign. and

interifgtyRos Andaksarriop ol drugirop the | g%incg%{[cmgss,’ysétﬁcrin i&l) precise

circulation. [0183] Figure 7 is a graph showing the time ‘course o
verRirRiBiRiRpRIskB PRI el SeireTvEdiomn piiracinmpiaiibinohBi§oss soBmulation

and &Rctvenitatons depressien andisadatian mogelsidisalied) Ve mAI N ion is

dedoression é/(&ex ressed as a fraction of baseline ventilation) was

etermur&e { grg}ag%mg%@% pm%rﬂggpdynamic modeling of the system

expresse
parameters, with dose optimization performed to find the dose that exhibits the

best patient safety profile while still providing an adequate anaigesic response.

IN THE DRAWINGS

[0177] Figure 1 is a flow diagram which represents a computer simulation
model for sedation. In all 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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[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
uter simulation of Figures 5A and 5B (ventilatory depressmn model

mp 57
SR & ation 25 model disabled). The X axis shows time P iUt s s

enable
The Y aX|s shows dose units of formulation, in mg. Patient ventllatlon

d BQB ﬁlto ap}%r%m@%t%y §/\(f)_yLo labaselln ﬁﬁé%?tlonélﬁgchgoefgre err] sxmuia‘uon

I‘SIS g for ap roximatel nutes: jgure 9isa
Shmwiﬁlgfﬂﬁeth@néhﬁfm@@%ﬂWmllat@ﬂyn@ieﬂr@mm@ msthaiStelkdnd to a patient
computarsimiation of Gigures 5A and 513 30 (ventilatory depression
mod@ﬁlﬁenatﬂgd sedatlon model disabled). Ventilatory depression
(dRpRgsed asfagreetioh/of asdline Mé:anlaﬁa@@)tivms expressed; over W which

Z%E/rgggl%égiﬁg E{%{?@‘H\WV@ Qéég larﬂgn o?' ul)a[%o% ur;)trgl c#(me?sc)s of the

nge in ventilation cause mltatlon (0] ers

cEAsitpAIBIOBafb 1B NEE patiert: (CBWéréd\tﬁiﬂg@rém DedseVRigeirand the
16isaiantehewingdbe tme.caurse of quantiyg &P'O!qg]_ indheg shows the

inhalation device and in the lung of the patient, in the StellaTM computer 5

&Hﬁﬂé\%%?@@ﬁ%%@%%é@@/%l%gﬂméMé@@bﬁ%@éﬂéﬁ%ﬁ‘mwaﬁon
medels; enabled) , Thes X axis rg&%wss‘@rﬁ]@a%ﬂkﬁﬁ% gfhghcom p%llgl?ﬂ’v %omputer

dose units of formulation, in Dru tion'stoppe

approkinitely E1GHIREIES cﬂjéité% @@ﬂﬁ%ﬁ@tﬁ@ﬂj@ﬁr@%m@%ﬂwon models
selfshmiainefdrnig inake. (lAd8/dufigure i dst0 8Pk SRAWIRGHRE inhalation

time course of ventilatory 10 depression in the StellaTM computer

sifRSHoANST #HGHEY QUORIRICGE GdHARM B¢ R0 &ﬁdxs@ﬁ%ﬁéiﬁws time in
m«ndejeeenam@i)z \émtl@ﬁ@de@@@@dS@m @X@Fﬁﬁ!ﬂ@dcﬁrﬁ awfrﬁz@tlorrmt amount of
li til t over t imulation (in minutes)
g MR R e BTk SR R T B P kDR, The
sadwmm @ffelmgmmﬁhierabmsafmglm;dmhewpamntéeeamafedhé.l@ttOergLﬂﬁag into
R e N G s o
op|0|ds ?Oo’i/ el

S|mulat|([%?1 mode rthe a mini ratlon of tw
13@x 83B and mmalenmogetlgaparetaoﬂnmgd|ag:famnwhmrg@r%emﬁqmatory

th n? ute ion of th harmacokinetics of 20 th

§ %%ﬁ?or?gonﬁvo oé[:)ﬁorl% Olcgfﬁulygure n&l’llsag grap E(%fﬁﬁ]t g and 58
oulvputiGiStefiePresbampated sedation models disabled). Ventilatory depression
(expressed as a fraction of baseline ventilation) was expressed over time of

simuiation (in minutes).

[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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simulation of Figures 13A, 13B and 13C expressed asa time course of
total quantity of opioid in the inhalation d(_evice and in the lung of the_
patients/(vestilatory depression and sedation model§ enabled)P %‘@@004/001573
shows fentanyl 25 equivalents of formulation in t_he inhaler (1),_ ot the
rapid-onset opioid in the lung (2), and the sustained-effect opioid in the

in ng/ml (fentanyl equivalents) of drug over time (in
SR LB ) oL g e o
nebIRPIdIR FEE et tRTg @pim'Wab&mm@aﬁom[@}éﬂ%ﬁﬁ@ﬁ@&ééﬁ@ g;g?re 7).

ing-the ti concentration of 30 each opioid an o
P T at A SO G o 0 SLEIa i B SRTRIREHASTIY of opioc

Filgméélﬁ%Tde&ndzaaﬁc(\deﬂﬁ@ﬂ@ﬁ)@d@m}%%@ﬂeﬂgﬂi??ﬁ?t@f%%‘?%%vénonputer

id- ioid (1), sustained-effect o :

O os o O EAZBOADE T8 S Fre eontinati ceebpimorel

bRRsE rapiBcorsaispididvemdtiveisustained- effect vpigis égb@ts(t)h@s::‘ét%nns of
[ nyl equivalents, over time On

%%ﬁﬁ&%wﬁ?giﬁ%lr? f‘gﬂﬁéﬁgfﬁshé%%n% h%otﬁanée?:%Mréé gPproximately 8

VB IS e preddalivnsing Aathafterduivenyhsapioidmtivthes drug intake.

imulati f Figures 13A, 13B and 130 (ventilatory
aon A o S B SRR L epriios iiatory

(Bxpredien 48 athackiallslbhselimpuentittion tvas ekpr_ﬁgatbg)vshﬂ\t"ﬁﬁd 5B
: LA i nhination, of WQ opipids reaches a
T ot o e S AR ST s

%ﬁ%ﬁ‘?@ﬁ @?tﬁ(é@%@@tr@r,b&%@%{*@owmﬁgﬁ@r@ whictergpeesedtotee time of
Stelladidrcgmpuieusie)ulatiemed the mﬁnﬁlﬁﬁ?‘&%@%ﬁé%tﬁ% selflimitation of

ministratjion of two opigids, where the two opioids nistere
g)em'a flé%?%lﬁl HRAH8 'iﬂ%.ﬁ@ﬁr@@‘ﬁ%@é?memsf%{ow the paidee (compared
Nodighzd thed)Pharmacokinetic Model aspects of the simulation, while

Figure 17C shows the 15 Ventilatory Depression Modell, the Sedatiop
M’%&? and tHe 9B Drtig Modlell W psiagisntnerdiinblatamefeoe] Eigtsenputer

138TisIatigmpmabbwméwmﬂggmﬁ@e&ftmggm{@gjon of alfentanil,
Eé%r%hine, and combined opioid at the effect site in the StellaTM

Uiter sinTURHISS of Mgul88 19nA, 158 dakiel7 @ gesntitatary defoRssiayram
andc20 spdatonsmesatignaied) kil §W§t%%n8?%@% réron];acokine’tics of
AR B of two opioids.

{01901 Figure 14 is a graph showing the output of StellaTM computer
simulation of Figures 13A, 13B and 13C expressed as a time course of total
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 fung
(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 conceniration of
each opioid and of total opioid at the effect site in the StellaTM computer
simulation of Figures 134, 13B and 13C (ventilatory depression and sedation

models enabled). Amount of rapid-onset opioid (1), sustained-effect opioid (2)
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shows concentration of morphine, and fine 3 shows combined
concentration. All drug levels are shown at the site of effect, and
ressed in ng/ml of fentanyl equivalents over time (in minutes). Drug
ﬁﬁm StYAHSR was terminated after delivery of 90% of the dri§ HéééUé‘é‘”””“
of patient sedation. As seen in line 3, thé” 25 highest opioid exposure
occurs during inhalation, [0195] Figure 19 is a graph showing the time
calfsdhst ventifatetpdepressioriplithéhSteHaTivbcerhppieicsiamgation efstained-

Figlues b @Pm%ﬂ@ dventlatory. depression ﬁ‘éﬂ?ém'aﬁﬁpgglﬁvalems,

enabled). Ventilatory depression (expressed as a fr ction of bas

VEHEIEHDA) e iExit8ssed over time of 30 simulation (in minutes).

V on dec s out eline dru

e o Vo 008 S eh o S L S rto e riepatory
209B18%fH@sh §H6V\@n@@ﬁaﬁﬁrﬁ@unﬁ@bvl@éhtﬁétl@nloﬁbpiioid’tm théaprBiacomputer
aganshend of dageconepntradignptopigid d{?ema?@ﬁfﬂ@&&@%%“%d sedation

administered opioid. Figure 20A shows patients administered with a

08?99Ffﬁt%’ﬁaé’ﬁé’}rtaﬁﬁ”ﬁﬁﬂqmo%%ﬁﬁ?@ﬁc@d@u@éﬁé@ fehtanirglieugh &sseline

pudmma&woué@ bipres20B showmspatishts adpNNisteradmath fetamhbination
|nt ave US(}/ gxmu concenﬁé#on of 0p|0|d was not S|gn|f|cantl
R

highar NEBAtFAON &R HrH?%B“s%aﬁl{aIB&HR&?H&%ﬁf’?ﬁé”@ha%‘“d

dppeigmount jsqupastaxis, thepmaximymconggntiatiemef opigidtakan e}’agram
the subject is Ilkely also non-toxic. 10 [0197] Figure 21 is a graph show

itHRiE8 SRIRIRSTR B ee el Mirre iy @‘fo?ftﬁﬁesfaéaé‘f‘@éfék ics of
takie eﬁaﬁmsmfa@mmmwaﬂﬁpmstermr@qmtwleﬁn@aéeﬁwl@dlﬂnmstered are

R R U o U Bl onc e
[ﬁl%]nﬁag@#ermlqsi\édwlestmhgfttf@swmﬁﬁmxbru;owbilatlé@of@ld‘é@fiaotms the
OO e s o o e e o R A ot Mo
eﬁﬁﬁﬁmﬁ@ﬁt@@ﬁﬁ@@@bnt invention. 20 Example 1: Theoretical Model
f%gﬂ?id De”\fﬁgure 18 Is a graph showing the time course of conceniration of
alfentanil, morphine, and combined opioid at the effect site in the StellaTM
computer simulation of Figures 17A, 17B and 17C (ventilatory depression and
sedation models enabled). Line 1 shows concentration of alfentanil; line 2
shows concentration of morphine, and line 3 shows combined concentration. All
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 80% 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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[0200] Examples 2-4 are based on a theoretical model for opioid delivery;
this theoretical model is described for greater certainty here in Example 1.
[0291],Ehe. theoretical model for opioid delivery was programmed into the
> x/c/\zom/omw«e

computer simulation package "Stella" Q-(glgh Performance Systems
Lebanon, 25 NH). The elements shown in this example, both in flgures
fofki ext. are afiapiedfion g Sielamodebieniesenalion. and SfoiEia in

e progra ming of S|mu ion, and e simulation works.
[beo2prrthefigiur Sne cthfgiesaepresentivardbiop hat idicdesma of paiients
aceHmulatian of asubstapes, (with gxceptions noted helow) QRERAIOWS o

30 represent flow into or out of the accumulators, and closed arrows

EPrEsRniGhe elefREMS \that EontRATREAGW. Wéiéé%@ dAdRsAréhrough &
omted ey siRlicity plyrepresentatien, Oyalssarresaniined@ld with fentanyl
parameters (inputs) and time W O 21105/082369 - 31 -

BEAREHKBBEH 001578 HE FERGBRAY BHRII At HRIC I aMgSridtle SRRy Nigher

anercorstanisewesswbtaisrd dramsthe miioatary (see iSerit 3Qd Stansid Rihount
Decreased fent and alfentanii dose re uweme
e AR R EHH Tio GaC B RARRE L B Ry cject is el
RiarmacobExp Ther. 1987 Jan;240(1):159-66). 5 (a) Sedatlon Model
%%203_? A model for op ioid induced sedation was de&gr %g
Hafion Mode‘@utﬁm&éﬁﬁ ERRE RV 50 S (9Xia ShpEygrsus time to

@I@Dtﬂﬁgjtt& ¢oncemtradione(ibopicithat ﬁdﬁb&(ﬁlééfélftdrug pHeshtdf epdreribaned a

0|d as pre ent at ¥hean e oderur%}l qrfect Opioi | (I;fchttgt 1010 h oa
was o representa% the surrP e opiords” p ggen eac nnc?r alized?
tpuhmnnmmmet@oﬂerwyc(mesemmme thEbt)ampmsc&alrﬁ@ 41 hehow).[[G20#@He to
% hreshold 1020 was defined as the Opioid Concentration 1010
that would render the patient unable to use the inhaler. Sedation
Tonesjold 10Z0guas 2ieiermiabld mﬂiwntlyﬁwgbteugt&mhem@afmr of side effect
thr 5 s of he id, [020 Sedatlon

(%?ua?o%%%géo é\jv%% g‘%&l{%&”&%ﬁ%ﬁ p|§(()§)l gr%g%%r% on%JlOlO

exgeeess Sedation Threshold 1020. If Opioid Concentration 1010
exceeded Sedation Threshold 1020, Sedation Evaluator converted the

VALRHf Sedatibf SIGBAIGAPHEN 06 deTEMutién drarenedateloivastdimit the
exeRRiRnathe e thaddpctangigshepresent accumulation of a

Example 1: Theoretical Model for Opioid Delivery

[0200] Examples 2-4 are based on a theoretical model for opiocid delivery;

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

[0201] The theoretical model for opioid delivery was programmed into the
computer simulafion 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 omitted for simplicity of

representation. Ovals represent model parameters (inputs) and time-
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substance: Instead, the role of Sedation State 1040 within the model was
that of a memory component, which would remember that the opioid had

excsededdthe, sedation threshold. In subsequent models, data from

Sedation Slate 1040 functioned to turmzoff further administrati'f) ?T(/)(f‘AZ("W"“ 1578

opioids, simulating patient sedation 25 and the resulting removal of the

inhaler-frasnthe soutbnEb)enjilaian Reressian Modeba286kAvere obtained

Ventilatory Depression simulation was pro rammed (Fig. 2). In this ‘
MBI 0 Wag hrcdticed By the ﬁféféfb%lﬁgpa RAty? B e DOy Yt A Fhfenianil
CQZ:Procugtiomz019, flawed intethe plasmau(iasing COR2RROLIGRASO and
Production 2010 was either determined experimentally, or known fron .
i AR R A e TR
Dptatarsih veebwilden H, Hoeft A. Pharmacokinetic-pharmacodynamic

modeling of the WO 2005/082369 PCT/CA2004/001578 -32 respiratory
dEjRegkant effechsidiifetnarmipinitedtitiesiiogpdeton Jua Hdgigaadssig. 1 —

and Boullafhe Fy’.ﬂ@&&&ﬁ@#@l@@ﬁsw bfadiesgne aQQHQB% Genoting the

Shafer SL, A model of the ventilatory depressant potency of remifentanil
iFESHOREEEaay L Ahdtheiplehyireoodiect; do@ereoiem). sy was

GO 2020 equilineatediR yiirdbe 682iN themiais@Braim 6 A2L04M 8t 8present
rate (Brain-Plasma 002 Equilibrium 2030). C02 was eliminated from the

pIASATATH & i PEI R LRARAG thBASkh ARITUH BT AifHr iR Thie 1l pateney  (for
rateaG R Flintratpe2 (hartbat, wamvmediated by the parameter
Ventilatory DeEression 2060. [0207] Ventilatory Depression 2060

inddfHed as thE GHiBI CorrsbiRtfaliBRO 1ratdrdnsiteast HiadeirigiGonssiration
intBifgctraitenkil@) ivatrasesk VientatonnBrpressiee degreasedeile Sedation

O o oS S S PR P e
stimulated aemitatioretivoogtha oggative effect on Ventilatory Depression

28{?0 %fsettin in part the d@?@ressant effects of Opioid in Effect Site 15
1P hich h2$93568itvE EHeEPon VETilat?s DBpréSiorPPodt gisse) Opiid
Cthercpatanmeaters| Waye designgstito effeetiMentilattmyeBlepeession02060; Opioid

e TR R DR S e
desonibaedritrestieredetaiddatigueneA ladd SBnT hese ModelRivantatéest 040
2042 an exéep’tion to the rule that rectangles represent accumulation 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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20 effect Ventilatory Depression 2060, which in turn effects C02

Elimination 2050 and Brain CO2 2040. [0209] Although the programming
offhis,simulation into Stella is novel, the Ventilatory Depression Model is

known in the art, and is referred to as an "Indirect Response M&délA28/001578
(c) Device Model [0210] A model for the fahalation device is shown in

Figure 3. Dose 3050 represents the total amount of opioid added to the

infEIBY AEpioie pIBSRB0 50 %! ablakeanéamie Mhatdhatialoate FDMbaten (1):144-55

300 ThisitaterisTemured-fos theworking of the si o putis ~ o .o
ca{culat q 3{1 n instantaneous rate&%%gr%’ugﬁéﬁ:}g%%ﬁ%%g 0~ Shafer SL.
repr@éjecﬁetsq @8p%8f3”@6?1%iﬂ@8rﬁﬁ’ﬁﬁﬁ‘?ﬁ@fﬂﬁ§hél@f Tereifsatient inhalesitvesteady
formidattoreahasatoqyl inbataton; 4oNalaten3030) oI 8990 equilibrated
(Rok L%aéio(%é% Lungs 3 4.% halaté%n 3030 is effected by Ventilator,,
WO @o 1082369 P(T/C 650041601 57533 Ptpredspn 266(Paan-Plasma CO2
SEdatitn SaRNI0N0C Specificallyimialatian 3089 jsastowedDintifer simulating
in f tilatory ressipn. 2060, For example, if Ventiiator
e it L% ot dhan g o IR SO AP At was
badiinderaty (I arBoresD30antsivalf Basetse)jotonayer, if Sedation
S ?? 1040 :\/lé tﬂep inhalation of drug into the lungs ends, and no
further hrug is inha %é).%:? %@ﬁﬁ'&fb%ﬁ@ﬁd%%@ﬁgzﬂfﬂhﬁ opioid concentration
PRAraceiéneficimgdefffort sySmeaiit Dgiﬁiﬁﬂewa%gl:@faﬁn%reassed. Ventilatory
F ion | orbe temically at a rate Systemic '
ey (e Bl B i Pl oAy & pination

10 Absorption 4010 into tl ood plasma

i PRIEMEA4ePY dduilpation dt sheterPasBaEfCDSte MugEguiariome 2040
4G ndtHopioidial thesgit eff iojd in Effect Site 1010). _
O@ioi% also redistribLited iﬁlt%gttﬁséstﬂl?éﬁog%gaﬁ T'%ssrﬂeeg%%% E#FS o Rilatory
R

§REERRIN0F U6 G Slingdirmimathe s ass prsifect of rAma@pioilfect Site
ElimioationcAG 4 p&niciddncbissHe APaRang 9@&9&%5?

'ql'g(t)régution
4050 were programmed as optional parameters that could be used or not

ul®2P8é pending BRI tRarpRataiacHRiR e siwued dbthtquarienifiarpiodepression
utiosey. theegate P YSEBIG ARvRRIONALO; PiasmarEffealSite BYa, 1
Eguiibrium 4039, Opioid Efimination BRSO FodEt s woge
arameters 70;" parameters comprising Model Parameters 2070 were
described in greater detail in Figures 5A and 5B. These Model Parameters 2070

effect Ventilatory Depression 2060, which in turn effects CO2 Elimination 2050
and Brain CO2 2040.

[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). Inhaiation 3030 is effected by Ventilatory
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4070; and Opioid Redistribution 4050 were all determ_ined_by a vector of
20 pharmacokinetic parameters of the particular opioid being o
agdinnisiered, represented in the model as opioid Pharmacolﬁgr(]‘e%jt/lgf 001
Parameters 4080, and calculated by pharmacokinetic modeling. [%)ﬁ&']‘
Although the programming of this simulation into Stella was novel, the
Pharmacokinetic Model is known in the art. and is referred to as a 25 .
"MAMMITAry thtS;GrIEr{Inaacrb%é&%@ﬁ\%déﬁﬁﬁtm&ﬁ%ﬁm&é@"Ma‘rWﬁ%‘ﬂl@éW‘ 3030 is
medetsladreplresemtec atove typiodllytbaver 3G 2oHsSUB0. For e?ample, if
C ield s_referred to as 1. 2, or 3 Compartmen
O o e e ke Sasnaty CERanecs TG o i a har

Models with an eftect site, respective
StRgleaasin o8 1 IThEalicanipROisvan applivatioimef. Ex@nepte if Sedation State

Theatetical Mdekipri30PRioid Relvery Ihjs example ismeantto -
illugﬁrate the Theoretiecl:al I(\)/Iodel f(;l;r?;ecl)p%r)i %eﬁ\? r%/?n uss’e?ﬂwenr%oé‘gi er drug 1s
ers do not reflect any specific opioid. Instead, the model

pdt _
p tersdr dRissxa have been designed to clearly WO o
ZSaO?S%%ZSG%QéEEHCAZmO%%O111578 - 34 demonstrate the self-limiting

agpettof the ploptsechaystemtif apioisl deliveysietiiis SpGMRIRASHMWSrammed.

' ' f imulations as described in Example 1, an .
Lﬁ%ﬁ%%ﬁréﬁﬁéﬂm%% Wuageﬂr@lk:\e% %lsmﬁf%ﬁ%%?%g rﬂsfﬁwﬁf’é@rﬁoﬁ dPiRe Systemic

MRRSBtoR 140 Higines 5% driebsS Bhonath©pleidentstdshe moge;.asohpioid in
desgsingdl rei i ioid is administered throu
R e e B T S B craTRif i, 020

5ATEneBIRiShssdscastseficeNoaBrsD {Omividisegillvailditaol (o Dedipinid also
Medetshowa and exlaineshidyExample ﬁéé@e%@%ﬁfﬁﬁéfg Qi tribution

Pharmacokinetic Model 5020 that is 10 equivalent to the P acokinetic

Mote sRbWRENA BUBRRR d AT ERS BRSNS fha VB Opiag GlEninaicn 4070,
thiepinideptidiisstithelerclusian®bioRlional RAIBMRIET0EPIAIE JiSSHEmed as

4 icid Redistribution 4050, and wijth the further exception that
O%?gﬁgﬂgr%%@o%@tic{%gracr%% 40885 HerR biRtintsasy sterfading on the
ApBBa6RIANAI; Optoiel Eiinheabarti40Z0, apdRlasimaEffeThsiteites Systemic
Equilibrati 0 ) arate parameter -see
CAA 408730 08 LSS0 205 SR AT IRECELHE ciminton
véhtilaiGyDEpeiRidRadistiieioso A diichvaes etjuilstentitedney a vector of
V@MHMM@@F@S%QFEM@%%SQ@th@n%gﬁ@mB?dopioid being administered,

represented in the model as Opioid Pharmacokinetic Parameters 4080, and

578

calculated by pharmacokinetic modeling.

[0212] Although the programming of this simulation into Stella was novel,
the Pharmacokinetic Model is known in the ar, and is referred to as a
‘Mammillary Pharmacokinetic Mode! 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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in Example 1 as the whole of Figure 2 (with the exception that Model
Parameters 2070 are shown in "expanded' form, with various elements
coyaprising Medel 20 Parameters 2070, namely PACO2@0 207l ( (
IKe1C02 2072, ke0CO2 2073, C50 2074, Gamma 2075, and F g0 m01sTs
shown; and a Sedatlon Model 5040, that is equivalent to the Sedation

o UL L ST s e e S8 0 SB2

hE same simulat
réf%eﬁixerﬂ'me slechanics of therfoiarmodéts, shownimufaguras &A a3bsanithed in

5:5;6 a%erj% 2?‘%&51)863[]@%‘% H\eﬁﬁ%@né? i %h the except tion of the

expan |on arame ers e mec a ICS O WhICh are

egaplam@glr@ﬁo;ﬁodibwg J2kH] Baseline C02 2071 is the C0O2 at baseline,
prior to administration of opioid. kel C02 2072 is the elimination rate

d1gtiAg PlasniddcozZobehe E82sovEiwmitiaiopntos0ihedthdehss described in

k@@ﬁ'\’ﬂ)@e(ﬂewﬁb%%a@§ Sh e Ao JSRIRSS OGP R FIRIRAIOR gure 5
2050 = kel CO2 2072 Plasma CO2 2021 [0216] It follows that at basellne

darboif d%%él‘@%%@sbogﬂfé(ﬁt Sfeddy &tateeansnhdied & gEncompasses: a

@@Ul@@tmae@@b?(ﬁﬁ&%%&lﬁtl@léﬂpﬂ@tﬂé"@é@’l@b&@@@@%@%@ﬂf&d explained
%28??(‘)41001578 -35 permits calculation of the rate of C02 production

[BRIBN5ERTR HRTE & BELEe CoTbariasiliReliedlossy QR0 that is
@aa;wmdwom@mm@ddmemmwmmf 5’:@5@9@&@9@%@735@2115& 1 as
he rate, of in Pla llibration. 2020 is determined by the
NI L Eeks S v o Tt BRI AR BUBAL peggeeters
mﬂ(ﬂ@)?axrt%mamzmoopﬁhsainmasﬁmﬁﬁ)o{ﬁzbaboams\ﬂaptassmrther
tila m Ifunctl of th in t ffect Site, 1030
R e B P Dl e
Foscob ivaxiFiifh Efsai ﬂimgaamma 2076,, Elmisiféwnes@ftﬁcﬁh@d@ Equilibration
%n on.ys onse relal he contrlbutlon of the qpiqid
to venti S?or@o espééz}g}o%geép%eg) plo%tlen the effect aite 1%O§gr3l? f more
ANfPErosiep ﬂgwf@;ﬁaicampﬂmmmssné Mr30ia B 019 essiverddlydel 5030,

GRHRAN ﬁé%xéiﬁﬁm&‘@{sweeW&ﬂﬂ%aé}“éé’&%%%ﬁﬁw'W\Aé’&&té%%cé\ﬁ‘db&ptamed
modeled as a function of Baseline C02 2071, Brain C02

in Example 1 as the whole of Figure 2 (with the exception that Model Parameters
2070 are shown in ‘expanded’ form, with various elements comprising Model
Parameters 2070, namely PACO2@0 2071, KelCO2 2072, ke0CQ2 2073, C50
2074, Gamma 2075, and F 2076, shown; and a Sedation Mode! 5040, 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 CO2 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

10216] It follows that at baseline, carbon dioxide in the body is at steady

state, and hence the CO2 Elimination 2050 = CO2 Production 2010. This



10

15

20

25

15 2040, and F 2076, a parameter describing the steepness of the

relationship: 1Brain C02 2040 p2076 Baseline C02 2071 [02201 Putting

t Q r, Ventilatory Depression 2060 can be described as; 3
\?gﬁt?l(ifc?}?}g@pression 2060= Opioid in the effect site 1030."2075 Brais 17
C02 2040 1207( ;_--x 050 207452""" 2075 Opioid in the effect site

10306~T"" 07 J Baseline 002 2071 J 20 [0221] With ventilatory , _
AT EOBBINBW dEFENS 08 CArPrimy Bishing ([EbIElimiRatRsBos0erms of
inBbegiresence oftopioid ingwced ventilgtory degpgessioncag: C02 272 as:

Elimination 2050 = kel CO2 2072 xPlasma C02 2020x Ventilatory
DO AiAN BB A S0 iStng e JUEaHBH OIS ANEL [022] I

thigmanner, theypadelsdramafxample -l wergicambinesbinte 0o maded by the
o%glmd effect. This Model, shown in Figures 5A and 5B, can also WO
2

189564236 PEAICABORIBN 1578 be described by the following

m i . e iy th I3, Mipg | gy 5
T Y

-n[g2tesTna 0020Eiauiki deatiens’ b HiRAB Bra-Eign{efZ44AcEHasethe Bpioid in

'02.20 IN.FLO S R a-in_Plasma_002__Equilibration 2020 _
B DR T R —
hersaaladt wmiHitidgeo! 30240(8) hoRermulatiommmin2aes, 3026(keshss of the

% OB 0 o 0 e

elggmilatory depression expressed as:

_ Opioid in the effect site 1030827
C50 20745™™ %7 4 Opioid in the effect site 103087 2075

[06219] Conversely, carbon dioxide stimulates ventilation. The increase in
ventilation can be modeled as a function of Baseline CO2 2071, Brain CO2

2040, and F 2076, a parameter describing the steepness of the relationship:

( Brain CO2 2040 )””7“
Baseline CO2 2071

[0220] Putting these together, Ventilatory Depression 2060 can be
described as:

Ventilatory depression 2060=

( ‘1 ~ Opioid in the effect site 1030827 ) Brain CO2 2040 Y "
L C50 20745 %% + Opioid in the effect site 10305 %7 J Baseline CO2 2071
[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 % Plasma CO2 2020x Ventilatory Depression 2060
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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19%9}?&@%%/1 Plasm%n%O?L 20206(2))0_( t[':’)Iasma 002 2020(-

15 OUTFLOWS: Inhalation-3030 = If Sedation-State-'-040 = 0 then
51(VenTl-aror'v 7eDression20 0) elsee 0 Formulation_in_Lung_3C40 (t)

= Formulaior__i r _Lung 3040 ft - dt) + (Inhalation-3030 -
Sysiemic,Fhgorpticn~4010) * ar 20 INI'T Formu-iation_in_Lun9 3040=C
INFLOWS: Inhalation-3030 = If SedatiorsState'040 = 0 then (V& |/CA2004/001578
latOr-,." Depresslorl_2 orn) else 0 OUTFLOW : 25 Sostemic7

sdle’ pitaniBio. 5y Feenmollationn -Meneh3dd 8% QPIRIGIREHSE in the Stelia
S. te ]ra%%@ leo daé'eréstgﬁegt' Slte\'lCZl!I(t --dt i+

( .Sgsma_ ﬁecp_@i{ci ufi%éi%‘?‘fonjOBO) at-1,, T T Opio'd__in_Eii
ec:tca Site-02 3) Q5 @30 INFLOWSIWO 1005/082369RC1 .
iC%QDA/O%éS?B 37D 1 Oct EfTS cc Lulu) LL_ on 1:30 t0;?so ’
n-ériﬁaﬁ- T fedl + 16 O - Plama 4 :C 1 Opi-n P
smar40206H), Sy, norperoi - 4814.0ia sliji. hation;19 5 as la lic- to il=
at.Hon 40301 + dt 1%dIT OpioiciinPlasn:a. 4020 =C INF_OW S :
Systémi%erhsorpt_oni010 = FormulationnLun.g, _3040*.63i1

Jioid In Pl A020L 693110 Pl Pt Si-( :
E46i0_fitatisAd030 B {ephid: C h-Plasmad20:Opioi-din4 o EffectSite

lon_in_ alzr_ 3
Formulation in_Inhaler 3020 (t - dt) «+ (F1ll_Inhaler 3010 -
Inhalation_3030) * dt
INIT Formulation_in_TInhaler 3020 = 0

INFLOWS :

Fill Inhaler_ 3010 = 1if time = 0 then Dose_3050/DT else 0
OQUTFLOWS :

Inhalation 3030

i

£ Sedation_State 1040 = 0 then
.57 (Ventilatory Depression_2060) else 0
Formulation_in Lung_3040(t) = Formulation_in_Lung 3040 (t -

dt) + (Inhalation 3030 - Systemic_Absorption 4010) * dt

INIT Formulation_in_Lung 3040 = 0
INFLOWS :
Inhalation_3030 = If Sedation_State_ 1040 = 0 then

.5*(Ventilatory_Depression_2060) else 0

OUTFLOWS :

Systemic_Absorption 4010 = Formulation_in_Lung 3040%.693/1
Opioid_in_Effect Site_ 1010(t) =
Opioidwin_Effecthite_lOlO(t - dt) +
(Plasma_Effect_Sitequuilibration~4030) * dt

INIT Opioid_in Effect_Site 1010 = 0

INFLOWS :
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(C02_Production_2010 Brain_Plasma_CO2_Eq,.-il hrat_on_2020 15 -
002_Elimination2050) * dt INIT Plasma-002_2020 = Easeline_002 2071
INFLOWS: 002Production2010 = 2aseiin0C02207-*ke1C02 2072 3
o tELOWE 20 Brain_P'__as;ma_CO?. Eq:il bration_2025)(f‘ JCAI0015TS
1ce0_CO02_207 *(pIasma_OOZ_ZfIOOorafsﬁT_ C02_2040) 002Elimina7:ii.on
2350 -lasma_C02 320*'c--C022072*VentilatoryDePression_ 2060

Sedat”Sh- Stats 1040(f= SedationState1040(0dt) 25
(Sécas-ion_Evaltatormd 030y doIN'T Sedation: s States1040 70 ) « 695 /1
NFLOWS: Sedation Evaluator 1030 f(Op in Effect,,_el 0?Seaa~ion_
hré8rioTa 1020} 36 ferl Badelsle D49PiZ07L 11 (PWOPBOSIGS369-1"dt )
C17CA2004/001678 >88-054 21074 = .7 Dase:3080 %15:F 20764 1070
G@qgs%%OZ@ 015 Iéeqmczlgzz 2073 == 0,92 e%COZZQ?Z =0.082

Sedation “Threshhoid- 020" T Ventifatory-Dédpréssion 2060 1
Opioidit.si=ftectSite '010{amma20'75;(050_20'7"*Gam:na 2075a- 10
Opi_oi5 1 i Ef eot Site 1016~ Gamma2075) (Brain__02_3040/Bas el
Lné = L883 : 2071)"F 2076 (b) Output of the model when run with

Veptlatory Depressian Modehand . porruiarion in Lung 3040+ 693 /1
OUTEFLOWS :
Opioid_Elimination 4070 = Opioid_in_Plasma_4020%.693/10
Plasma_Effect_Site Equilibration 4030
(Opioid_in_PlasmaM402O-Opioid_in_EffectﬁSite_lOlO)*.693/1

Plasma_CO2 2020 (t) - Plasma_CO2 2020 (& - at)

+

+

(COZ2_Production_ 2010 - BrainﬂPlasma_CO2_Equilibration_2OZO

- COZ2_Elimination_ 2050) * dt

INIT Plasma_C02 2020 = Baseline_C02 2071

INFLOWS :

CO2_Production_ 2010 = Baseline C02_2071*kelC02_2072
OUTFLOWS :

Brain_Plasma_CO02_Egquilibration_ 2020
keO"COBm2073*(Plasma_C02_2020—Brain*C02~2040)
COZ_Elimination_ 2050
Plasma_COE_QOZO*kelCO2“2072*Ventilatory_Depression»2060

Sedation_State_1040 (t) = Sedation_State_1040(t - at)
(Sedation_Evaluator 1030) * dt

INIT Sedation_State 1040 = 0

INFLOWS :

Sedation_Evaluator 1030
if(Opioid_inmEffect_Site_lOlO>Sedation_ThreshholdmlOZO)
then 1 else 0

Baseline C02 2071 = 40
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Sedation Mode[ Disabled [0223] The model designed and described in (a)
was run as a simulation 15 of opioid effect, using the following initial
RARIMBIRIS;,f-ormulation In Inhaler 3020 = 5 milliliters at time = 0, The
model was allowed to run over a time course of two hours. FOF thig 200401578
simulation, the feedback loop on drug uptake aspects of the Ventilatory
Deppession Model (i.e. the feedback of the effect of Ventilatory
Depression 2060 on Device Model 5010), and the Sedation Model were
20disabled) Cutput of the model, when run, was plotted for various
paral %erg ig 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
(ieesnwvith the Ventilatory Depression Model and the Sedation Model
disabled). Figure 6 shows the time course of 25 drug in the inhaler
(E6fnblationdhInkaler 3020 - line 1), and in the lungs (Formulation in
L. 040.-line 2) i gm absence of the self-limiting aspects of the
irll%%%é%n‘. ?arﬁo%hrb Fdrug in the inhaler dropped steadily over the first
19=miniites ofisiylationgat ayate.inhalation 3030. The amount of drug in
the lungs reflected the net processes of inhalation of drug into the lungs,
and 30 aPSETHLBAT BRG fron? i lungs into the systemic circulation, (1-
(0225} Bigure #rshows Ventilatory,D [ 60 rii for the
same simulation 6(Venﬁla%(?})l/“[%(g|g))/9es§s%r§11§ &%ﬁ%ﬁé%ﬁ&%@%%ﬁg@mzmm
@alﬁljeé;ﬁﬂ/‘d]ﬁ 65/082389-PE 17 EAPOBLADTS 78 *-85Fhe mraph outEut, Bas

indicated that Etient's ventilation dropped to approximately 259i% of
Bgfelgge ventilation in this simulation. The ventilatory depression

sisteldr SpPRIMLES BNe it tadi T e ditibaionyv Ertilatisiowasiodel and
revdesied ldstErbaadioyide built up in the patient's plasma, and, at the
zame rate, the 5 patient's lungs (not simulated), counteracting the

%?Q&E?rg eff86t Bragie! slsivian esh ahiilasiob dthis da)r;ﬂasvmﬁii@%ighnsgmu;aﬂm
eXpased tbedeatigslis i injur ia. (c) Output of t

oS g sk ARy Wﬁ%ﬁnp%éeﬁeré. Od%ﬁ%%@?ﬁﬁe[”haler

%gﬁl_vge. Tan with Ventilatory Depression enable

simulati rﬁ]@éﬁ ' ?Bf’Wﬁs‘ﬁﬂodﬁi‘@ﬁb&ﬂéh%@fwwmtﬂmyem time course

bepressiomsMdtte g dsitiuagain mmgé%éé&%%i&%@%g;ﬁ\}%‘%é%’ faspects of
a

jan.In kahaler 3020 = 5 milliliters at time 0. Output rlous
E%;?%ﬁgggry Bepresszon 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 seli-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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were plotted over time. Figure 8 shows Formulation In Inhaler 3020 (line
1), depicting the amount of drug that is left in the inhaler, and Formulation

IR bUnEs3940 (line 2), depicting the amount of drug in the,Iu.%%%’/('j@éﬂ<?4{()(.1573
presence of 15 ventilatory depression, gne of the two self-limiting aspects

of the invention (the other being sedation). As compared to Example 2(b),
expected, it took lgnger tg inhale the drug when the simulation was run
T TGSty S S NGB ot SH 2 AR BRESE T ey
Figtire & toolsPlae e @reitajpproximiately dinuminuteSTas oppoisedoty thed®ssion

e OB IS S i ) AR o

| . e patlents exposure to
GOl s Fediskiomiin vientldfierowbieriespinastrateddn ®ighee senwhlelte, the

RlattedlentiatonsPsRrigasion %%@9@Yséﬁi@%ri%éggﬁné%aﬁtsgﬂgat%ne opioid

Ventilatory Depression 2060 was depresse in Figure Q. Wher
CUMEEATEI Tt thE SIFRBIARNSHSIRR ifPRRAE analiRaidnt klkd Braating from
hajpekias much (in Figure 9) as when simulation was run with the

Ventilatory Deﬁ)ression Model deactivated (in Figure 7). This simulation

slovisutrat tidherangel nhashtaiohit eseipmy tHecsstEhinndden dfespsiblad
t?égggoffers i le safety.to the patient. (d) Qutput pof.the madel ..

men nwithfﬁegn%ff a%%@ elf)srgtcs}/sllrcl)rﬁlg&/l\évgéc’lnéﬁ '@8%%58{?@&’H&H%?\%”“'atow

dnapledsop2 Nique, same siulatem(Fomiblation isempaleit@020@meters  of

el An UMe QA wasosH - BiSfiTieapdt Qe e gni %W% r%%%i?ﬁ%?ﬂete s
Model 5030 and the Sedation Model 5040 enabled. Output of various ‘

pAPsPEleFS e p bitsd, e DG BB d POHIEr 0 00878 S0RY (line 1),
ovesitiing figuradihsbpwaith@iime eourseref Haaerialiendpnbalgs 392Qungs

(Line_ 1) and Formulation In Lungs 3040 (Line 2) in the presence of

VerititatdRP depeioaniscuRHBR RS SE&h il thE iyURS, dRelhs miverace of
dvagtikhafatiteprsteppehoenpletelywbhecieasamyasibatste patienidiamn (the
b sedated,.and 5,could no longer_hold the inhaler to the mou

T SRl P RN 7 G R i i fomer
aiopirgxieatiety ugililitersthensiimgdtion Foanulatiofitiritehéter 820y arapression
theEearEn APRIPXIMARLY 40% af Hhe o 9r@9§85@@3&egdgrt§§gp Gtely 17
and was not inhaled. Figure 11 plots Ventilatory Depression 2 uring

tHe BihRS vt AR e P BS sThRu ERi GRinTiRS iiakigig 6. This was due to a reduction

in ventilation caused by ventilatory depression, which fimited 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 seif-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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10 depression of ventilation in Figure 11 was approximately 60%. When
compared with Figure 9, the improved safety from the opioid-induced
sedatimvigeyident. [0228] Thus, Example 2, as illustrated in FigWr&Sa./00137s
through 11, demonstrate through simulation the effects and advantages

of the self-limiting system of opioid delivery, as described herein, 15

Example:3 #‘gcm@mét@mvb%m@aﬁ&é@@%%t]@@w%mﬁhgozo Line

model parameters do not reflect??&z/ specific opioids, but have been
ddjudted fo derdindirate ety 816 Selflinsiting dspbet oirap sropdsegntilatory

sy@e@a@&@mauﬂ s@@mﬁy Tesianiglignemadels and measiies dhe;SAMBation

IR, OIS i, AReAaA BhncoR 'ﬁé‘ﬁiéénw%%séﬂ%a?n‘é”éwéossamd and|

rooglel. r{@i@@@éﬂ@ufe ﬂ:@ actdzssiesthownvor-opipils-ase cambireddattien State
|oId conc n for the model. In the tw id u ato N
3%5 pr?(l)]l rorE éui) 1%0@? rr%ejpreSearQP lemcag cfergn ﬁ.m of ned mn
drsetdpisid; @Idmh@proﬁﬂzs I Effébe8ifeort2 G2 repressrits zﬂl@é/oslmvwhe opioid
Aret P&‘Ré%&?ﬁhtﬂétﬂﬁ%ﬁﬁ a%%t%@énﬁgtpﬂwﬁ%@élowg\;?ﬂg ‘PF gge\/enﬁla’cory

manner as in the one opioid model (Example er, eac ‘
deterienail sepafatiinthéhecdifflsineduss el ete i e Cohatipad c’)’bi@imammum

%fé%%%t@rc@m&mrﬁmxaaﬂégr§@mWa§%&9&e%§t@§Pk§&e When gompared
Concentration 12030 is calculated us ng@the kKnown relative potency of 30

4 bisidiB, REIaHTE PYRENEH 2b0Ue ﬁBM@@@MB@@ﬁ@Q?%'S evident.

tratlonﬁ%QSO eaual to, argsdqﬁ fe t
CE010 in WO 2005/052369 EC P'/CA200. 1%%@7% %ﬁ E[:iiwﬁ(]légtw%oploﬁzllj‘t%ugh B
rAGAIS TiAE dEaUAIFRItVés A N ffecisaabtid-Rflvesagas pfBhang!f-limiting
FGtdRR3LbFiguresitah, 43BandidaEniaken together, illustrate the
algorlthm for the two op|0|d model simulation. It encompasses: a Device

0Ad g ivalient o6 tatedalligittated as Device Model 5010 and

rlbedl X an 2.aP ar macokinetic Model 1

@mp ing a cPor%.blna ioh 05‘0 tWohléng?é)nceé) ortie ﬁaﬂ%a{‘ Ifl??é?%t MEagPe! ffic
5020ifenddidhthve pid epjoidednd demedostthtesimapibie sahbmidsg aspect of

I SUAMG L IQUERS ‘?’%&B%?ﬁ%n x Sﬂgsg{mgﬂgrﬁmg@sa%aﬂ%asures

2, and each runnlng In parallel mbined
the same variables, this time for an opioid composition comprising of two

different opioids with different pharmacokinetics.

(a) Building a two opioid model.

[0230] Figure 12 addresses how fwo opioids are combined into a single
opioid concentration for the model. In the two opioid simulation, Rapid Opioid kln
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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10 using the Two Drug Model 13050, as described in Figure 12; a
Ventilatory Depression Model 5030, as illustrated in Figure 2 and Figures
5h@and53@:and as described in Examples 1 and 2; and a Seg(apfmz(
Model, 5040, as illustrated in Figure 2, Figures 5A and 513, and as
described in Examples 1 and 2. [0232] The model shown in Figures 13A,

1 n . 5 descriped by the follgwing mathematical S
e A it ng oo (LA 174, 178
c6d¢€) . Brain_002_2040(t) = Brain_C022040(t +

. S . in.002 2040
ggwlaégzaﬁgﬁ%g%?@%gﬂgogg& tde;kg]rl\-rtoBgreatllQecr), i%trstrate the algorithm
3icinhPlagmaptidorBckilibratioai@020t=encompasses: a Device Model 13010,
Ic {@grp 73*-( -3ra.inC02 élé) lat_ on_in__ nhal .

erg 02% (% g?mﬁﬁﬁ%%ﬁ%%%gzzﬁwﬁ)ﬁ gi%@é&rﬁ?&ﬁ% scribed in
InBsanBies 1 808 £ InRamsEoKiBeB MadteiNIFO20 comprising a combination of

FarBiatafBedNolMha ehafed 0k W RiddNE 28 IBRL for the rapid opioid, and
Dose- .3050%B' 'else 0 OUTFLOWS 30 ihalatinn 1 30311 Sedation S

afd"F0%Y 26 tHEW RYIPIIDSIE, ssblesieiedWogosr142389and 5B, and as
PEI6 2008/ 001 f8es42 aﬁhaz,aﬁifﬁ@_esacﬁ(}%ﬁﬁz%%ﬁg parhlllgl‘?rlﬁéﬁtcombined
0-:LOCO =0 'nen J 25* en " Latox.y Dep ession_2060 e:se O _
oﬁsu[‘oqdﬁ?-lgw&@@ﬁ @Tﬁ% %Bﬁa@d _BHROeT 10 TS At & Ventilatory
INIe pre@pimidviblieifBo8(Sie ilvietr B iasingui@02 a8Q20dres 5A and 5B, and as
P , 7 dt).+_(002_ Product.ion..201Q - . :
B%%?@?%%%%h%n&%ﬁ?g %’_%%03 (‘éedaﬁon]?&odei, 5040, as illustrated in
Figure 2, Figures 5A and 5B, and as described in Examples 1 and 2.

Wi/D0 1578

[0232] The model shown in Figures 13A, 13B and 13C can also be
described by the following mathematical model, as represented in the Stella
programming language (source code),

Brain_C02 2040 (t) = Brain C02_2040(t - dt) +
(Brain_Plasma_CO2_Equilibration 2020) * dt

INIT Brain_C02_2040 = Baseline C0O2 2071

INFLOWS :

Brain_Plasma_CO2_ERquilibration_ 2020 =
ke0_C02_2073* (Plasma_C02_2020-Brain_C02 _2040)
Formulation_in_Inhaler 3020 (t) =
Formulation_in_Inhaler_3020(t - dt) + (Fill Inhaler 3010 -
Inhalation_1_3031 - Inhalation_ 2 3032) * dt

INIT Formulation_in_Inhaler 3020 = 0

INFLOWS :

Fill_Inhaler_3010 = if time = 0 then Dose_3050/DT else 0
OQUTFLOWS :

Inhalation 1 3031 = if Sedation_State 1040 = 0 then

0.25*Ventilatory_Depression else 0
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- 002Elimination_2050) * dt IIT Plasma 002__ 2020 = Baseline C02 2071
10 INFLOWS : 002_Production_._2010 = [ Place right hand side of

eguatiemshere.., } OUTFLOWS : Brain-Plasma-C02-Equilibragion:202C) -
15 ke0_CO2 2073*(Plasma C0O2_202Q-Brain_C0O2_2040) )
002_Eliminat=_or_ 2050 Plasma_C02_2020kelC02_2072*Vent:i_latory

Jepression: Q60 Rapic_Drug_Effect Site(t) = R Drug flect Site(t- --
dlé a id-Drug-Plasma-Effect-Site- quf (tratlon)a%fat 41iJ 0 then
i drd&tE %:P%{é?@mqfﬁﬁwwsoeo else 0

Rapr=daDrugzRlasma_Effect .3 g@ Equ_libration
(Rapid_Drug_In_Plasma- Rapl ruc_Effect_Site)' .693/- -

RERiP Drulf i Plagmetée Rdpid (Drug din Pl.asma(3 - dt) 25

(Raprd_Drug.. r apid_[ Dry learance -
R%@S?d _[g)%gg Pé;\a(;ﬁrr?aBPEf%; te Eog gf\bratlon)*dthIT

RanidrRrugL In 2Rlasma) INFLOWS: rRapidz Drae._Al$ egpttion 30 4, N

R @)ci)qu n_inLuy 93/I*a-oid .Drag Corcentrati on OUTFLOW
w@g 2006%%[2@%%9 Pm/@%@m 111DT8 7 8 24T Bal Bier Brig-+ &0 en 2020

Ra. 5@°§il@m?tmfas¥@é’%93ll@t Rapid Drug _| asm aE (‘ast_Ste_

E i R -,-i.Plasma- RapldDruc7 E -fecYSite) (593/1
F%ﬁ%gﬁ%% JOn%(l I %r ‘%QF ~pic e =14 T —4nr g(t 5 dt) +

(Inkal.ansion_1 3C31 Rapid_ Druc _Abssorptior) . d-_ INIT

Ra(g)ld Formulation |nLung O INFLOWS :
_Production_2010 = { Place right hand side of equation

here... }

OUTFLOWS :

Brain_Plasma_CO2*Equilibration_Z020 =
keO*C02_2073*(PlasmawCO2~2OZO—Brain_CO2_2040)
COZ_Elimination_ 2050 =
PlasmaﬁCO2_2OZO*kelCO2_2O72*Ventilatory_DepressionWZ060
Rapid _Drug_Effect_Site(t) = Rapid_Drug_Effect_Site(t - dt)
+ (Rapid_Drunglasma_Effect_SitemEquilibration} * 4t

INIT Rapid_Drug_Effect Site = 0

INFLOWS:

Rapiderug_Plasma*Effect“SiteMEquilibration4 =
(Rapid_Drug«In_Plasma«Rapid_Drug_Effect_site)*.693/1
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 =
RapidﬁFormulationminmLung*.693/l*RapidQDrUg_Concentration

OUTFLOWS :
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nn.alation031 =i Sedation State 1040 = then
0.25*Ventilatorv__ Depression else 0 10 cuTFLOWS: Rap

Ig’f s @tg(sorptlon T/CA2004/001578
or“n’ulatlon- in_L:ung*693/I*Raogid_Drug_ Concentratldn/¢A2004/00157:

Sedatlon Stat:e 1040(t)—Sedat|on Stife. ~ 040(0 - dt) + (Sedation_;
Evaluator _1030) * dt 15 INIT Sedation-State-10210 = INIiLOWS
SBUBLon EValustor 1030 = A& Jedt'Site-1ong: asma - 693 /10

SeuatiariHesbolt1020): = thersielse 0,20 Slow.Diug, Efect Site(t) =
Slow_Druc_Effect Site(t - dt) +

_ DFGE ‘Plasm-Efer- it @%@ﬁ@qﬁi%{%ﬁéﬁyﬁdﬁﬁy T-Sow? Dfué B &.ct

Spm& 'NEEQAW&W%%O%.DMQL@P@%WG‘ Ef&%%ﬁ”%ﬁ&%‘@épon = 22
(Slow Drug In Plasma-Slow Drug fecn_Site)*.693/10 Slow _Druq_In

p asma(ty = @ﬁwalﬂ?u@nnhlé@ﬁrh ~diR oS iow DRI 32BE8ERREGH - Slowt

_agCiearance Slow ~rug P %srﬂa ffect,_Site_Equilibration) * dt
TRIP Sllcl)%vagDrugoln Plasma == 0 30 INFLOWS: WO 2005/082369 - 44

POT/(:(%62001/001578 51(;w_DY.'L:CjLon 't OYo FOriTIl_a J on 93
Slog ag_~.I~aran~.e = Blom- Dn =n_ll.asma,.6 3 300 5 S.cc,;

FixP: 3%’“%@935‘“ =c= 3quilbraioi Drugashia Sfewbfig EffectSitel then

t5933*M§ntllatorymDeple sion else 0
OUTFLOWS :
Rapid_Drug_Absorption =
Rapid Formulation_in_Lung*.693/1*Rapid_Drug Concentration

Sedation_State 1040 (t) = Sedation_State 1040(t - dt) +
(Sedation_FEvaluator 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_FEffect_Site Equilibration) * dt

INIT Slow_Drug_Effect_Site = (

INFLOWS :

Slow _Drug_Plasma_FEffect Site Equilibration =
(Slow_Drug_TIn_Plasma-Slow _Drug_ Effect Site)*.693/10
Slow_Drug_In_Plasma(t) = Slow_Drug_ In_Plasma(t - dt) +
{Slow_Drug_ Absorption - Slow_Drug_Clearance -
Slow Drug_Plasma_REffect_ Site Fguilibration) * dt

INIT Slow_Drug_ In_Plasma = 0

INFLOWS::



iati -i = lation In__Lungf(t dt) +
Slow_Formuiation_Ir__Lung(-i = Slow_Formu _ -
(Inhal_ation 2 ?032 -low oru.lAbsorpt'on) * dt ?NlTI$|OW_FOI’mU|atIOEI_ .
In_Lung =0 10 lil LOWS: nnaiatior _, 3032 Seda'tion_Staze 1940 =-
th2n 0. 25*(?entilato r_7epression__?0<0 e-se 0 OUTFLOWS.:

Slow_T7ru Absorpt on 15 Slow_Formulation in
ungoggé %?élow _Drucr_Concen-1- atlgn 3ase_i-ne rC2m 20’7!11/332%04/0%78
=55 2(74=_. Dose_3050=5 F_076 = 420 Gamrna_20"~

cels +62 120, 2 19&%15@}&02 20 2 = 0.0;82 Opioi.d_in_Effec~_Site i
1010 Rapl Efcct:__ Site-l ow_Drug_EYfecr_ Site 25

Rap|ﬁobru8K€Bnﬁéﬁﬁéﬂéﬁ-~9é§§tlow IPhreshhaley 1020:= A5 SIOWsat i on

1-iijrilma 30cic_0.0 Sama
-Qrazdoik . lato y_Depression_06J 0
c "~ ||%§as . u WO 20051052369 PC'r/Ci3016U001575 45

" Slow_Drug_ Clearance = Slow _Prug_In_Plasma*.693/300
Slow_Drug_Plasma~Effect_SiteﬂEquilibration =

(SlowﬁDrugMInﬁPlasma~Slow_Drug_Effect_Site)*.693/16
Slowaormulation*InﬁLung(t) = Slow_Formulation_In_Lung<t -
dt) + (Inhalation 2 3032 - Slow_Drug Absorption) * dt

INIT Sloquormulatioann_Lung = 0

INFLOWS :

Inhalation_2 3032 = i

Fh

Sedation_State 1040 = 0 then
O.25*VentilatorwaepressionNZ06O else 0

OUTFLOWS :

Sle‘Drug*Absorption =
SlowyFormulation_In_Lung*.693/12*SlowﬁDrug_Concentration
Baseline C02_2071 = 40

C50_2074 = .3

Dose_3050 = 5

F_2076 = 4

Gamma_2075 = 1.2

ke0_C02_2073 = .92

kelC02_2072 = 0.082

Opioid“in_wEffect~SitewlOlO =
RapidMDrug_Effectmsite+SlowﬁDrug~Effect_Site

RapidﬁDrugﬁConcentration = 1

Sedation%ThreshholdﬁlO2O = 1.5
SlowWDrug_Concentration = 1
VentilatorymDepression_ZO6O = (1-

h

Opioid_in_ Ef

tIJ

ect_Site_1010"Camma ~2075/(C50_2074"Gamma _ 2075+

H)

-
Z

LU

Opioid_in ; ecthSitem10¢»\Gamma*2075}}*(Brain_CO2*2040/Bas

eline C0O2 _2071L) F_2076
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bt Ouinut of model wne run ifth \Jentil atorv Depressicn Model and

Sedation, Ivioaer enabled [0233] The same simulation (Forrnuiation in

inhaler 3020 = 5 milliliters at time = 0) was run in the two opioid model as
ihustratedsindxample 3(a) and Figures 13A, 136 and 13C. Figure dzhoo1575
shows the time course of Formulation Ir{“inhaler 3020 (Line 1),

Formulation Ir Lune (Rapid Opioid) 3040 (Line 2), and Formulation In

LURY (SIBRHOTicsbAa0¢ ine ) IR thenHteisendecof sesititatdnrie! and Sedation
depression-and sedation. The simulation showed that, over 12 minutes of

run, the drug was inhaled by the patient. The rate of fall in the amount of
drififirihe 10 inhalerRas it peffedtiy lineatjaefleciing ithe3sidived milliiters at

brem@iego;vmgmmdﬂWHBC%V%?&U@@%QQ%%S%]B&ré%@éiﬂ?’%&%i%@t%%) and

12 minutes, the patient stopped inhaling more opioid, reflectin
opidiliritliced sduatth! The rapidly Tdchng bpidil e guicrry cakemugation in

inﬁomh@s@mmmc&cwaﬂmmuragbdiwt@@nb%é@%%%e?ﬂﬁ@@ggﬁlﬁ:g, and
ung w

lu ed a quick drop in concentration 15 in the lu .
pa{fmi%e’rrﬁﬂs%%pggﬁ in ‘&%r%l fr%%gé %%f ?dgqéﬁ% B\%ly adtingeopied Wrssfakawilatory
upiSIIRApIBY el le@gativnich Peensittedationes dougstotraacuiutlate inthes of run,
lupeEdiHpG InhRlatiR, an inistration of opioid into the systemic
circulatio% for over tv?o@go%gécﬁ%ﬂ'ng t%elr?eltnedotﬁagiigigj’ ge?ir\}‘é)rv{oofeﬁgw in the
pabieRE2y56232] PRiirsts Wirais iffersng vindalsles/for threatming with opioid-

simuladien. Jntfrgere @5;}1‘@%%md}g@é‘?séﬂﬁr&%Yeﬁg;%gvgﬁiﬁjges, the patient

coqcentgtion in the effect site (Rapid Drug Effect Si me, an

dETERSHaliNg (XS iR YinG tEC thicRRIBSbIptidreanerasian. The rapidly
pla;’ttrj@h;a‘m&dﬁ_shteeequi&hmlﬁanleﬁmbam&piﬁ%r%f@miegct_gbg%jghm évé‘i‘:h fimited
m . Slowly acting opioid concentration In the ,
e e B L Vb o it Bt egentraion
ride iRectihceiiatioth eviater slowraissonpongantbstovpplasnTaefiestsitacting
eqlihrations anda siew d a r time, owipg.to slow metabolism.

Liqrf}{ej 3 shows the comineg@gnggn%ﬁioln%?’rz:\/\\é}ll:(lf%éndg gl%ﬂV\[/ gr%}se %?%gdmg to
(COHRBPEADPRIONE RSl Usihe DbREEIRPaton)ine edmibéstaten tieopioid into the

cambinationteaahes @ Peas: tiy iﬂ@&@mﬁﬁ@@ﬂ_%kﬂ@éﬂ@o& %HBEE f&@kery to the
o?g{%r{tOZSS] Figure 15 and Figure 14 show different variables for the
same simulation run, on the same X axis (Rime). One can therefore refer

japiapiFigure digdeses thaiike digtien: siapgse selfagministering dug.at |
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-sffect 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 siow 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 siow 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 (iime). One can therefore refer back io

Figure 14 to see that the patient stopped  self-administering drug  at
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WO 2005/082369 PCT/CA.2004/001578 .4B_ approximately 12 minutes.

When Figure 14 is interposed with Figure 15, we can see that this

reflected the patients' response to the rapidly acting opioid, as t‘he

CBRCBRT 4SSN of the slowly acting opioid was negligible at 12 minuteszoo4/00157g
However, the overall opioid concentratiéf remained fairly steady over

time. This reflected 5 the slowly acting opioid gradu;;ly rep!acmg_tharapld
actimgcopividein Opioid itesT heHefieebGite as Befapidlyacting @WaSwe can
Cimngisciom s sy Urayan Rapid Drug Clearance. 073 HOIE e the
16 shows the time course of Ventitator éﬁr%é@u&??ié‘éﬁj YafHgShRaaiteras t
dé%@ﬁ&ﬁé@ﬂaiﬁémﬁmiwéytmmmm!iyawm@@gmae_umhg hhERIBE However,
Simél|§Ué’%ﬁ%i5f@LH@n%@dltl%?gﬂt?gn?giﬁgga#agﬁCrgt%sa%g/no\%%ptﬂ%uec.mrﬁs reflected
approximately 60% of baseline. As mentione reviou ly { t o -
dd& Rl foFURGARICLY ok Riwetrisleirgethby maitientsn Ao tielCOR Opioid In
buids Eneveriiation was-shmylaiethNelsidiat ereianyery il

1y Gt Eoren the system
dgﬂcrea ed'an ventilation after this initial drop. The reason Is that there is

nOWCHIB AR CHY A ELBRIEILon in the 15 patient to continue driving ;

Hation. [023 Rt hy Figures 13A,,13 3C, 14, and,
\{gﬁ%ﬁ@t Zntv502§dl§l}l ’%esr%%k?odimen'?]iogf t'Péy%e(?}%‘f?‘ﬁqﬁ}’&”ﬁﬁé)%@%%?s'0” 2060
“Slcine cﬁrtﬂeaﬁsﬁe%ﬁ@%rféimﬁiw@ opibidcatadionisitheavseyobpstthim in the

thefirst and diseaandragipid 1 dnifbismannes, tﬁﬁj&?‘%@?&%@ "RE&NEAtion to
slowlly acting opioid wifhout receiving 20 an excessive dose.

cORBMAGGHOf RV DBloRFS SHRE: ASHERITiRR aetig viaus! thirdhmedsecription for
uSeglite intretse hestifetycpraitiernt pithenapiold algnecerJnue up, ventilation
p\%ggcgmﬁ I % q\lsl%)w ﬁ‘c{i opioid. Example 4: Alfentanil _and Mor hm?t o

as examp?ﬁe‘:':’:I O&Oplglgs‘(iﬁ e o oy SodElegemsseThiveniaiisie after this
shoigs divapphicatiorsoh Exanaplind toitwocspegific A gsoramelmulation in the

Haniand, ] in.alfentanil is the rapidly acting opioid and
?nggrﬁme is th{gglrgvt\e/}@\%anc i%@é}%&%&‘.'[%%] Figures 17A, 17B and 17C,

td6R¥r, encohspassia Dmtiat Iaiglrd£01Eh copmrising 4Dgvise M | he two

e B T i s o Mot mopmasatonts

1, and each running in paralle _
st/ dwApaidenerdsiofithehepioists alfeotanihames: 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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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, WO 2111)5/082369 PCTiCA2004/001378 .. 47 _

aneh aohwBrug Model, 17050, as described in Figure 12 but gg-labelge 19575
reflect the specific drugs alfentanil and“horphine (shown in Figure '17C).
Figures 17A, 17B and 17C expose all of the parameters 2070 of the
ventilatdnyadepreddiote! mMadéel) 17080sTlecparafetees 14080 of-thbeled to reflect
Phaumacosingic RofeiR A 2MARNBRAI AN (02% A2 MMhres 174,

fully exposed. Alfentanil and morphine are represénted by a 3

conpartinentmarnriifad) oths warRaIREFfecteite. JorwoyTméatsdelepression
showin Fgwes 1h4. 4R AR 1Y 160 also R dSSSHRELRMEIR models for

following mathematical model, as represented in the Stella programmin

ARGUHEE P GUSSARIS 012 he A AR HHORHARS 2e VEaThang morhine

existipgditerpiwesfacthese digapAHentanindralen(BrF model with an effect site.
Alfentanil_in_Inhaler(t - dt) (- Inhald_Alfentanil) * dt =Nn

Alfetahi:_in_IhRalePedaifaheydll iDosigurag OUTFLGWad 167C can also be
Inhajeripdieanthes bfadatomsiadeafthienckit entanibJosste in the Stella

/Dose_T)ura'tion*Ventilatory-Depression else 0 Alfentanll_in_Lung(t) =
AREMEHIHN L 5 a%:  ErRile iRt AeaAt e uaih Bl MAbbhiES 25k bgsed on
INbIisAHgnitandtine $ou thg seld sl OWS: Inhale_Alfentanil. = If Sedation.

State = 0 then

APferfENPT DosELugiDesE ™ Durat™ ot Héitiaity -De-pressiorrélse Codt) =
25 OUTHLOWS: Aitentan Uptakess Alf en_-tanil___ n_Lun.c *. 693 /Al f
entani |__ ttsorp tion_Hal -- L..i f e Alfent.anil_TI(t) = Alfentanil_gl.(t - dt) +
(ANEEnfarfice i Alfentanre L 7 FAlditanilaeLeé sLAT fentahil Uptake

OUTFLOWS :

Inhale_Alfentanil = If Sedatilon_State = 0 then
Alfentanil Dose___ug/Dose_Duration*Ventilatory_ Depression
else 0

Alfentanil_in_ Lung(t) = Alfentanil_ in_Lung(t - dt) +
- (Inhale_Alfentanil - Alfentanil Uptake) * dt

INIT Alfentanil_ in_Lung = 0
INFLOWS :
Inhale_Alfentanil = If Sedation_State = 0 then

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 - 4dt) + (Alfentanil Cl12
+ Alfentanil Cl3 + BAlfentanil ClLe + Alfentanil Uptake -

Alfentanil C11) * dt

INIT Alfentanil X1 = 0



30 .Ifen.tanil_Cli) * M TN.TT Ai. _"entanil | = 0 VO 2005/082369
PCT/CA20p1/001578 _48 NFLOWS: _ 1ten.tai yl i e:ntrmilK21- ALf
entanil_Xj*2Z\ [ fer_rani| K12 Alentana' | 01.3 =

b entamz d0>3"Alfertanil K31- 5 A_fentan_1 x1*Aifentan_I rb31/ca2004/001578
fentanil_CLe _ Al fentani _._Xeffect*Aligntan_il KeO-
Alfentanil_Xi*Alfentaral_Ke0*.001i'Alfentan-' vi Alfentanil_UntalLe
Ant=entan_1_in_Lunc*.693/Alf_entanil_Absorpti_on_Half Life 10
OUTFLOWS : AlfentanKC11 = Alfentanil_XJ*A.].fefltani’_ vie
AferitanitXir.H) = Aiffentan--1=112(t dt) + sAlfeatanih C1L2)2deINIFneanil R21-

AlfennanilXi ¥ 0; 15,0UTELOWS: Alfentani |_012 Alfentanz-_"2*Alfentar_ii
K21- lienta.ni-xI*AlfentanHI= Alfentani=._:X3(t) = Alfentanil_X3(t - dt)
Alféritahitro13)1dt 20 INIT Alentanil X3=1G QUIFLOWS: Al fentanil K31-

Alfertani, 0137 Alfeptanjl X3*A-fentanil_K31- Alfentanil_Y1*Alfentan:il
K13 A_fentanil_Xeffect.(t) = Alfentanil_Xeffect(t - dt) + .- 25

Afetentaaril Cla)e dt INIT-Alfentan - X-effeet ¥ QQUIRELOWS: ntanil Keo-

Alfentapil; CLe = Alfentan.-1_Xeffect*A-fentan .1 KeO- rifentcn.L', 71*Alf
entanF4éb*(ﬁiﬁAﬁ?yeLta?jr Ee% .ggajkitentanllavl

entan- -

Alfentanil_ Uptake , a
Alfentanil“inMLung*.693/Alfentanil_Absorption_Halwaife
OUTFLOWS :

Alfentanil Cll1 = Alfentanil XI1*Alfentanil K10

Alfentanil X2 (&) = Alfentanil X2 (t - dt) + (-
Alfentanil C12) * dt

INIT Alfentanil X2 = 0

OUTFLOWS :

Alfentanil C12 = Alfentanil_x2*Alfentanil K21-
Alfentanil XI1*aAlfentanil K12

Alfentanil X3 (t) = Alfentanil X3 (t - dt) + {-
Alfentanil C13) * dt

INIT Alfentanil X3 = 0

OUTFLOWS :

Alfentanil C13 = Alfentanil X3*alfentanil K31-
Alfentanil_X1*alfentanil K13

Alfentanil Xeffect(t) = Alfentanil_Xeffect(t - dt) + (-
Alfentanil CLe) * dt

INIT Alfentanil Xeffect = 0

OQUTFLOWS :

Alfentanil CLe = Alfentanil Xeffect*Alfentanil Ke(-
.Alfentanilﬁxl*AlfentanilmKeO*.OOl/AlfentanileI

Morphine_in_Inhaler(t) = Morphine in_Inhaler(t - dt) + (-

Inhale Morphine) * dt
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30 Morphine _in_Inhaler t) = Mcrph_Ic_r__ir_haler!t - dt) +

Inhalc_Morphir_e) * at CJO 2005/082369 PCI7CA2004/901578 -49 INIT
_Mor_pir_nc in -2ha'..or = Morphine OUTFLOWS Inhale Morphine it
Seeaionmetate Mo_phine Dos- _ mg*'_~ 0~%/Dose_Dural, 1-00gN Q001575
i_latoy_Depresslcn C 5 else Morp.h.Sie._in_Lang(t) = Morn.L

nein_Lu.ng(o - dt) (Inhale_Morphine -Morphine, Uptake) * dt INIT
Motphine-in, Lung 7 Or INELOWS: 110.tnhale Merphine sedation-state = 0
nhen Morphine_Dose _mg*1000/Dose-Duration"Venti‘atorn. _Depression
EISe'0FOUTFLOWS : Morphir Uptake 15 Morphine in Lurg

. iMarpl -ine_Sbsorptior__Half Li=e; Morphine_XI (t) = Morphine XL (t -
é%%w Morphi 3e;h_jonlez + MuorphizéE-C'_S”’- %r% Cfrl%e?-%,iléngorpﬁine Lﬁz;takethen
Mpreephine 024 = dtIN T MOrphires2 v 0t 20:1L NEFLOWS ¢ Morphie€421 on
=Marphine_X2*Morph:ine_K21- Morphine_XI*Morphine_Y12 Morphine

013 = Morphine_X3*Motrphine_K3i- Morphine-._XI*Morphine_;13 25
Morph:<res Clre Tuvlorphine_ese fedidMon phinel i Ké@mg (€ - dt) +
Merphine_XL:Merphineke0,,001.Mgrphipe , vi.Mgtphine -Uptake =

Mo_r.p-, nc_in_Luncr* .593/More' ine_Absorpt_on_hai -Life

INIT Morphine_ in ILung = 0

INFLOWS :
Inhale_Morphine = If sedation_state = 0 then

Morphine Dose_ _mg*1000/Dose_Duration*Ventilatory Depression

else 0

OUTFLOWS :

Morphine_Uptake =
Morphine_in_ Lung*.693/Morphine_Absorption_Half Life

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

{

Morphine_ C13 + Morphine_ CLe + Morphine_Uptake
Morphine_ Cl1) * dt

INIT Morphine X1 = 0

INFLOWS :

Morphine C12 = Morphine_X2*Morphine K21-
Morphine_ X1*Morphine K12

Morphine C13 = Morphine_X3*Morphine K31~
Morphine_ X1*Morphine K13

Morphine CLe = Morphine Xeffect*Morphine_ Xel-
Morphine_ X1*Morphine_Xe0*.001/Morphine V1

Morphine_ Uptake =
Morphine_in_ Lung*.693/Morphine_Absorption_Half Life
QUTEFLOWS :

Morphine_ Cl1 = Morphine X1*Morphine K10
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OUTFLOWS: 30 Morph! ne_C17 = Non pti ne_I Morphn ne_,K10 \W(.>
2005/082369 PC FJ(A2 001100 1 5'3 1lior~h 1E'1'(t) = M L)1,.rye t(_it)
MorJhL7e'L ?) at. NIT NI--r OUTFLOWS: 5 Morphine_012 Morpr inc_>2
*llorph i.ne },,T Mo picine_X_1*Mornhi.nc. I'12 Morpl =i-} 3 () _<<n.

VEhHE a1 Mo n _n_013) at INTO Morphine M3 = 0 10t T/CA2004/001578
OUTFLOWS : Morphine_Ci3 = Mornh‘iﬁ%“_t t *Mo rphne_a3="-

Mo[glpine \X;q*(l\/plorphine_ K. 3 MprphjquXe eet(t) = Mornhine_Hei_ect(t -
dW T MSrpine” CLe) X'8E 5 INTO'Mérphine Xefféct £ 0 BUTPELOWSL2)
Morphine-Cie Morph_ne_Xeeffeet*Mcrchine Kev- Morgh_i ie

r.1**Sorph_ne ile0".OUT/MoxphLne__ VI 1aC02(t) PaCO2(t - dt) 002
ALCUmMURtion-2E02EqTIlB) * 20 do INTO PaCO2.= 2a002@0 NFLCWS :
§82rAegumulation = Ke_C02*PaC0200- KelC02*Ver-ti"_a_.ory_De=)_
essior_*?aC02 25 OUTFLOWWS: CO02Equilb = ke0002*'PaCO2-.Pe002)
PeCO2(0)F=7e002 (t - dt' (CO2Equ_"ILL) Q. WHT-eCG2 =:PaG220ne x21-
INELQWS +30.0 Othauih - ke 000F (F 2D3-PeCU2)

4 oL L

Morphine X3(t) = Morphine_X3(t - dt) =+ (- Morphine C13) ~»

dtc
INIT Morphine_X3 = 0
OUTFLOWS :

Morphine C13 = Morphine_ X3*Morphine K31-

Morphine_ XI1*Morphine K13

Morphine Xeffect(t) = Morphine_Xeffect(t - dt) + {~

Morphine CLe) * gt
INIT Morphine Xeffect = 0
QUTFLOWS :

Morphine CLe = Morphine_Xeffect*Morphine Ke(-

Morphine X1*Morphine Ke(*.001/Morphine Vi1

PaCOZ (t) = PaCO2(t - dt) + (C02_ Accumulation - COZ2Equilb) *
dt

INIT PaC02 .= PaCo02@Q

INFLOWS :

CO2_Accumulation = KelCO2*PaC02@0-
KelCOZ*Ventilatory_Depression*PaC0O?

OUTFLOWS :

COZEquilb = ke0CO2* (PaC02-PeC02)

PeCO2(t) = PeCl2(t - dt) + (COZEquilb) * dt

INIT PeCO2 = PaCO2E0

INFLOWS :

COZ2Equilb = ke0CO2* (PaCO2-PeC02)
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WO 2005/082-361) 1' CC/CA 2004/001578 -51 Sec. a+ nl Sta _elc) a,t
(Sedat.ion._Eva. uc.orl - dt PJ'_';. Sedar:.Lon State O INFLOWS : 5
Sedation Evaluator if Com,b C- ..ip! GL _ _ Concer.trat' orl<se is ;|)L: TI7

" Sho@/3s23 then O else | 'lencani]._'~bso:rption_ha r Life = bericazoos/o01578
Alferl-anil_Ce = Alfentani'i_i~el'ect/.00"510 Alfen_tanil_Cp =

Alfentan_|_X1. Alfentaril TJ Alfentanil_Dose____ag = 1500 Alfentanil_K10

=£.09055%, Alfentan.ly K12 = 0.655933_ Alfentanilk13 = 0.2"_2328 15{?
fentanil k2=1 = 0.214 Al:) _a_ltanil. i<31 = 0.017 Alfen%—anl I 1:.eO0 =0..,

AlfSREHIAT =213 656’511 20

Combi.ned; Opiojd_Effeci, Sire, Concentrat_.on
Alfentanil_Ce/60+Morphine_Ce/70 Dose_Duratior = 2 Gamma 1.2 25

keDOGODHD- 92 KelCOZ 6.082 Morphine_ sorpti.on_Half Lif =2

Nggﬁh Ine Ce= h|ne of eni.001. Morpnine_ Cp = o
orp |neo-f<ft/Worp e 1§/7 30 Morph_;ne_Dose_mg =20 WO 1L

2@@@@@@@@6@@%&?@23?@éﬁﬂiﬁ@ﬂdi@Bnéﬁhtlat¢on<Seuatlon*Threshol

d then 0 else 1

Alfentanil Absorption Half Life = 1
Alfentanil Ce = Alfentanil Xeffect/.00L
Alfentanil Cp = Alfentanil X1/Alfentanil V1
Alfentanil_Dose_ _ug = 1500

Alfentanil K10 = 0.090957

Alfentanil K12 = 0.655935

Alfentanil K13 = 0.112828

Alfentanil K21 = 0.214

O

Alfentanil X31 = 0.017
Alfentanil Xe0 = 0.77
Alfentanil V1 = 2.18
C50 = 1.1

Combined _Opioid_Effeci_Site Concentration =

Alfentanil Ce/60+Morphine Ce/70

Dogse_Duration = 12
F = 4
Gamma = 1.2

ke0CO02Z = 0.92
KelCOZ = 0.082

Morphine Absorption_Half Life = 2

i

Morphine Ce Morphine Xeffect/.001
Morphine_Cp = Morphine_Xl1/Morphine Vi1

Morphine_ Dose_ mg = 20
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Morojijne_ 1.0 = 0.0705056_8 Morphine 1-12 = 0.12?340u24
Mo_r,,hiine_R, -0_0 125852 Morpn:_ne__h21 =0.025964108 3
+Sorph.i.neK 1 = 0.001":33166 Morphine_KeG = o.ooi Mor\a(ﬂ;i)neVl. =

. a 0 = 40 Sedation-Threshold = 10 Vent_.J.ato- epression
iz@‘?ﬁ{ ()fr@’ggﬁioid_Bffeci_site-Concentration-Gamma/(CSO"Géil%Hfaﬁl“W““‘57(‘*
Combi.nedOpioid_Effeci_SiteConcentra.fion*Garruna})*(peC02/Pa
50290)"F [0241\}/ The simulation was run with a starting parameter o.f 7QO
méyoP 5 Bieavailablé afféhtdhiltarid e7 mcg of bioavailable morphine in

thein QQI ttime 0 (@If@@tﬁp&l iqhaler = 700 mcg at time = 0; Morphine
In@i[nhalé?rg%a‘? mcg at time 0). r%gu"re 18 and 19 shows the

concentratiensof variousi paramseters when the simulati_on was run.
F:?I:g?re 18 showed concentration of alfentanil (in ngiml, line 1), morphine
@

&m,lﬁﬁaeﬁ)j‘ and dontlsingd %@(ﬁd (in no/ml of fentanyi 20 equivalents,

. . L ) N . he
ling3).pverdime {in.minutes).af the effect site following inhalation of t
cgm(%ai%ﬁ%}fjﬁérb‘duct. In this exgmple,odrug administration has terminated

aftérr90%ef thelinkaled™rbig was delivered because of patient sedatior_l.
A%/[can be seen, the alfentanil concentration rises quickly in the gffect S|j[e
(Iiné) Ji?%%ﬁut%g "a Hpié drug effect. The morphine dr.ug effect rises quite
slewtydndhe effegt site 25 (line 2), producing a slowly rising drug effect,
Line 3 is shows the combined opioid effect site concentrations, where
eactrdrugastbeens adjusted fordts potency relative to ientanyl. All three
Iir\%s ave ifferelg Y scales, as can be seen on the \:( axis, to norr.nalllze .
the effect Site concentrations for relative potency. Astan be seen in line (

e e ot v

e e 0 T B =

m%ﬂ%ﬁﬁé Ato the effect site. A concentration at the site of effect of less

thﬂﬁél‘l] The simulation was run with a starting parameter of 700 mcg of
bioavailable alfentanil and 67 meg of bioavailable morphine in the inhaler at time
O (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 concentration 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 bhe
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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WO 2005/082369 PCT/CA2004/001578 -53 25 ng/ml on the alfentanil

scale (equivalent to 37.5 ng/ml on the morphine scale and 0.5 ng/ml on

the fentanyl scale due to their relative potency) is considered

sulo-thesapesatic; a patient will typically feel analgesic effects betwaenr®Qoo1578
ng/ml and 100 ng/ml (on the alfentanil.sgale), side effects between 75

and 125 ng/ml 5 (on the alfentanil scale) and toxic effects above 125

ng/imhan the atfeniatsaalehd02dal\zigred 2 showed he YeBHMA Kine scale

depression from the inhalation of an alfentanil morphine combination ‘

opiBR Yelvery sp5tdhs. ;REBRYWITHEFTUTdo 10ethetlRiadtiSR Hebrisaseasidered
tm@q&b@&ﬁ@m&,bassémiaﬂuggngﬂm1§Q@Qr@ﬂg§%@éi@%f@1?stf&%?ween 50 ng/ml
recovers to approximate 0 of baseline as accumulates.
B he TR S R Mt P GHUEHE At 2Hbui2S noim
agdhetmeorptEne eifectzie sustained: [8243]Astdemonstraigein figures alfentanil
17,%3[]é B, 17C, 18, and 19, in the alfentanil morphine combination opioid
desllverg' system, based on simulations 15 using parameter values taken
frgnzmq Iiteratw;@,uu*@m@?méfIfH@%@ﬂ@n@ﬂi@i@b%@H@%wﬁhw&@mf tﬁgeiir‘@@%ﬁon of
administration of a toxic dose of gpioid, and provides for the safe delivery .
P SUTPALAL BETGIE By ECIHG e SR Y4 GBloaviba 1 Figur
rapidly thetingeopileithrandassgptise effectsmfithegeapidly actisgimpicititag drug
limi .1otal- opioj u xample 5: Clinical testing of Fentanvl
DT e i o B oo AR = CO2
Lipesemi¢iEagaldsuliedd FintanyiaPep @iafiois of02st]iPecihacatitiost the next 4

C%Qi@!'}g;QH@iMHfgmﬁérgﬁgaqgag\yg@%@osome encapsulated fentanyl

were prepared by mixing an ethanolic phase with an 25 aqueous phase.
The2Bhnolic phastecornpriged ethangljrfentanyl citfte 7C, 18, and 19, in the

Phesphatidvichalingand Gholes %“iapim? égﬁ{?e%ssfé*s:fesrﬁ,%gé%s%ﬂ ‘Qﬁﬁiﬁaﬁons
for injection. Before mixing, both phases were heated to a temperature o
aBBiNG 6 AG B Wagrales certRjrdoen The titer plas e weretiniikead hrithitieg opioid

mpdieyas seiredrideatuEhen i ainwes at RRi16QdegrsesertidadS: rovides

The mixture was 30 then allowed to cool to room temperature over _
apBroXifardfy F0'RoUrS! aryiRidiyaeiies pRiSidHYfiRaImkfliBguthe slowly acting
foupigiatianticanteipr SAGIMe B fRNtanyhd using the effects of the rapidly acting

opioid to limit the total opioid exposure.

Example 5: Clinical testing of Fentanyl preparations in human subijects

(@) 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
agueous 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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(as 800 rncg of fentanyl citrate), 40 mg phosphatidylcholine, 4 mg

cholesterol, WO 2603/082369 PCT/CA2004/00157$% 54 and ;00 mg

ethanol, in a solution of water for injection. After filling, preparations were

AUtLEIEVERH6E final sterilization. Final preparations con_tained betweeni3bo157s

to 45% of the fentanyl as free drug with fle remainder in the

encapsulated fraction. 5 (b) Treatment protocol [0_245] The procedure of

the"folloRingrexagipieshois @o%hhhéoradmilzuﬁgatllor@pfiaj@mmﬂr:n?f fs@er filling,
' rough_the lungs of a patien .

e Fa At ALt e 10 Glbsaciens aiained

thAR R Bt of Byp SHidiape fgaitendllpgbiieaotialwayid) precededibyer in the

semagleneeediFaifess or sedation during the adminis_tration perio_d.
[0246] Healthy volunteer subjects were treated with single or mult_lple
doses of a mixture of free and liposome encapsulated fentanyl using the

A i Nebulizer breath-actuated unit with compressed air set at
Sﬁi)gﬁ#e%%?\ngl%%f%)ﬁr@ng each dosing period the nebulizer was charged

witle453 ml of the mixteee Qi ee40i) arrqrérmggmeeweﬁ

) %8\595(6. Oc/>° the
?n the subjects were instructed to inhale nebulized drug unti

IE%%ERY/:%& 5 T0Rg 8r Y& d REr68! foPRHBRRHTEHIRIE fhatany! through
béworiegsouisy, seday: atalizay dusiRgheidaplaliRRRRIICANE R rations fo the

0_continue to self-administer the 20 drug until the nebulizer

a%%%r%%ﬁ%ér%reﬁéra%gf le(iisroes ?Pgla@m}éy@a%l@é%@%‘%@l’_ﬂécfééf not always)
tHtGegHaR O Hdministiation, perittband farstheid? Hotng ﬁ&'@wgﬁglﬂgﬂw beriod.
( inistration to monitor plasma fentanyl concentrations. Subjects .
\?\Ie%glnsit:)ared ‘?S%Q}ﬁyvé)g\’feﬁ%%r eSHRIRS T éﬂ%%&r@ﬁ_ﬁ@ég ith réiggiraterymultiple
ratesendbhypoxiat 2 [Q24FEE oatiol ﬁp@?ﬁﬁg vgef@agy@f?ﬁ%gr%e%}g dugfmg the
f ; ment of maximum plasma concentration and en

e e s r 5 letéthife AR RI S Rieers at 8
cliirg/prisvent toidneversbfddrinphyesieltiitingoilie:erug-befare b &owigh a 3 ml

. - - Was
eteHo ARG Mgy, 39 %3%808%’88825'%%’&‘ 6&5%)‘Xf)enranyl and the
plotted against plasma concentration at en . .
subjects” were instructed to inhale nebulized drug until the device no longer
generated aerosol for inhalation. Subjects that become drowsy, sleepy or dizzy
during the inhalation period were encouraged to continue to self-administer the
drug until the nebulizer was no longer generated aerosol. Plasma samples were
collected through the administration period and for the 12 hours following
initiation of administration to monitor plasma fentany! concentrations. Subjects

were monitored for any adverse events, including changes in respiratory rate
and hypoxia.

[0247] Control subjects were given intravenous fentanyl.

(c) Measurement of maximum plasma concentration and end of dose plasma
concentration

[06248] 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 conceniration at end
of dosing (Ceod) (Figure 20A). Ceod was found in most cases to be within 80%

of Cmayx, indicating that the maximum concentration of opioid was not
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of dosing (Ceod) (Figure 20A). Ceod was found in most cases to pe within

80% of Crnax, indicating that the maximum concentration of opioid was

not WO 2605/082360 PCT/CA200-1/06157,i cF significantly higher the'ln'
the(cyméemtpation at the time the subject stopped taking the opieid: A‘Eh@@gﬁm
in stark contrast to the control subjects ‘(ﬁ'?g‘ure 20B) where subject_s given
intravenous fentanyl exhibited Cmax concentrations significanﬂy higher '
thaly CEGH HShaichs e irrreasbatisifety vetitratoih okdhiecbyitmad taking

subjedspicince the ropcenifrtionfand resyltingexiceffects) aftheopipid
Wbiﬁmfotg'lncreasei,siﬁnificantly after the subject stops %akl%cg%é (I)%loeld? %ﬁsw er

e
inSICARETHAY S T BRAKRRRA SpioTd bkt Rtien b it digaRsEBtRtions significantly
carigentrétion Overia miWAM?EFMQsm%%@iTﬂ%ﬁ§§% é(ﬂj:)!li’(ftll by the
" " i -toxic, the. maximum concentration oid
SRS e e T corepiatorclopad
poirEefmesidinéffecty aftbtahiz affdets {0A491drinnderfopsithjgels tdicates that

i ' i such as drowsiness, .
32@%@?? O%%%L&%@%@&%@pﬁ%@é@? {sﬁ%% I%fd%g:ccaé SR HHEABH V6 foxriatively

effeles PFUXTE AHfdRE (M auifinissinitrikecigerinfattses Mioashhypasiatoxic, the
regiliinguin adleadipisienrsaiationdawe rtﬁl%aéh%?eoé’t of fa 1o for e
subject. In order to determine whether side effects occur beforé toxic
effdttBaifiioadicidef dffezent fimsite @ todt effectowersplated

againsttime tq end of dose (Figure 21). For any end of dose time, time to
s%ﬁeﬂefﬁlect Wag ne(%é) or ShSHRPHiaAGiIRER E erEdlr Fieicallageifrats of the

didwsinsss oﬁzzidesssdxnesentﬂi?mrbe@;tepcbes%t?m@w%bé 59k ﬁﬁt\)ﬁ%{@ occur
e di ' 20 (e) Determination of cor| .
e B 1Sk o S GEAin ERBRgoerment a
sélngake patexie eftiogshouldcoe mgenatwaygmetdeql@d m?usm of normal
i i i n ministration . .
chectsasna o S0 SEE A IR S e o
c|§§8wscdi’?é?a%éit%}%ﬁéf Bffecl inidiiating it odfextremetypRBtikelgaiat: time
aisubjetoexiibitingiguexizieffac wilhhayeialsexhibjied %ﬁ'g‘?oegﬁggg‘fect was

[0 This,.example shows, in a controlled trial of human subjects,

(1 %Jl (l)fﬁ:%E}Pec?ﬁsrﬁ%gg?eamgl%%?&?&ae‘&@Wéi@Ejéhéfféé@,\f\@{*fwmaﬂ@)iﬂess or

Cweakileformhiaipieopioidaiwdhe dosepiedile-girerinthisenadBlgoid: effect.
approximately Ceod. Therefore, a subject who stops administration of
og%i cﬁﬁr%éﬂ\ P8 Sfsarrelatipn between toxic effect and side effect

[0250] 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 ciosely 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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30 will likely not reach opioid concentration levels required for toxic effect.
_Examole 6: Testing various nebuliz~r ogres for optimum delivery of drug
WO 200~/082369 /C:A3UO0d/OQ1i7N -56 [02521 rlgures 3. 5, 13 anc: 17

wihelkedgsasgescription of device models that are dependent qf}‘ﬁb&{ﬁéﬁ a{)mx
inhalation and the amount of drug delivered to the lung over a period of

time. The ventilatory depression models in Figures 5; 13 5 and 17 predict
how the side effects will limit the inhalation rate. In addition, there is a
need to balance rate of opioid deposition on the lung with the rate of onset

iob&ffect at theysitesof astion, die@meuntiefdrgdisRensed it 8aShels that
inh%lation ‘ m%lst be controlled to below a selected threshold such that the

drugTOPRLTAEGH i edAVerleintiy kel ard sreetvely AbRiRisdsbetvero the
lardr 20aminyterpetiod. i@, Ta ssishwitib theioptismizatiomafidmulalionss s 13

ice. selectian, the, performance of a device with a particular

orrﬁ%@ﬁ%ﬁl%anok\fve g‘ﬁ}asrgc eer%‘)eC il ‘K?/ﬁFB'.‘ 2 FYIRRHY &3kmpReaddition, there
fllasteatésnthe irstingaibrigmyizer dechniiogies tae ppimum delivery 6f onset of

lungs. Preparations containing.a mixture of free fentanyl
éiﬁ%l%oﬁﬁfm%@%?e%%?ﬁ%]gmiﬁ% gét’h?g%lov?xé?r’é‘%r SRR TRiNG thearethbg ation
"HeSCHD E@ T Elkainisleos oRitab prapatativasttodtaingd thatweeni 3 toAbUation
iofthe, fetany! ith.the remai in the encapsylated .
lfraction. i[02 : 4]8%1? Xn%%ﬁﬁ%%%&iﬁﬂ%%%é?%ﬁ? rteacr%n%bﬁgqi@tg%vgﬁ riod.
TéstaBRsHedvibtHBE foriinaraiienizatiolp ththeliaerosobemiteckframiation, the

peeRI7aTee28(d S RN Rtk 2003 chaptes AR haRaysical testsand oo i

determinations: aerosols. United States Pharmacopoeia, Rockville, )

Hihs-P1o0U9NHEE SitaielissiieBrul adeaiinsratioebLios. Brafologies for

apiiidiancesmeisred gegeinhialendhdDl) and dry powder inhaler (DPI) drug
products chemistry, manufacturing and controls documentation, Docket

997. United States Federal. Drug Administration, 25 Rockville, MD.
[§/|§ItC ell, JPL;@%«% (r)%?a?;r@ \Rfa(%ear@.‘% 7.”]3\%?%{ s@gs B ARVARRErdBpSOme
WrEksLE Bascatenmpacton &:paerosaliSgit 922 8:38 Dedonbaety: Fxampie 5.
FAmsterS iDL lod puiput, e MVAD and Ihe fing - wi
parﬁﬁe%acrtlion, can bg%gé%ﬁﬁ%%%v%#t%%}f’egﬁﬁa%ﬂ%?gﬁéél%v gdrug with
topEpatande s, shatrsanaae smiiRaidaboratory conditions to test
commercially available 30 nebuiizers with the formation. The MMAD was

[cafet]lated aSiper Wbdeeed aldscade Impactor (ACI) technique is a well
established method for characterization of the aerosol emitted from a nebulizer.
(USP 26-NF21-2003, Chapter 601: Physical tests and determinations: aerosols.
United States Pharmacopoeia, Rockville, MD, 2105-2123. United States Federal
Drug Administration. 1988, Draft guidance: metered dose inhaler (MD1) and dry
powder inhaler (DPI) drug products chemistry, manufacturing and Comrbls
documentation, Docket 98D-0997. United States Federal Drug Administration,
Rockville, MD. Miichell, JP: PA Costa; S Waters. 1987. An assessment of an
Andersen Mark-1l Cascade Impactor. J. Aerosol Sci. 19:213-221). A variety of
parameters, including the rate of opioid output, the MMAD and the fine pariicle
fraction, can be determined with this technique. The AC! 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 801 (USP 26-NF21-2003, Chapter 601: Physical

Tests and Determinations: Aerosols. United States Pharmacoposia, Rockville,
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Drug Administration protocol 601 (USP 26-NF21-2003. Chapter 601:

Physical Tests and Determinations: Aeroso)s. United States

Pharmacopoeia, Rockville, NVO 2005/082364 PCT'CA20047001578 5

MY, 2008825023, United States Federal Drug Administration (RRA))samet /001578

the fine particle dose was determined %s the Iracuon of the total aerosol

output that was collected in the ACi that deposited on plates with cutoff
ll-‘gr%é%}g% thaited. ﬁf%%r&wgmd}amammﬁmaﬂmqmug and the fine

Iniigeriecdspesiiedan e oifereatsipags AL e Ac) was detprmined o

PLC anagas [0255] Various commerc y available smaﬂi

r‘fé? EHSSH N RE Bk ﬁ?&%&?%@fb@éﬁ@%ﬁvm@dmﬁmme:wm@ea than 4.7
Ontesio), thEnbreatbuenhaneed BarkkCyRl Sa(ﬁ’(é\ﬁg idSERRLSIRIORSIG o the

&%gpean ygf and tvi/% g\raf ventional small vo ume nebulizers, the MistyNeb

eGiAnce Freatthtié 0 ¥ Hie Ritenad parb ko anaRis. OptiMist

EQaersk Medical Inc.; McAllen, Texas) were tested with the ACI
R&ditue. FoY diriedermneeitheomtiiaiiateshadepasition ohéeniianyk,

iy saenliag wias| C a [ rimentally determined
?fﬂ% ut rate mcgtglegg ﬁﬁlﬁll@%@bﬁﬁygﬁg@gi%&d 20 Egg[co gs)%? breath-

Qﬁ&q minie éﬁ&%brr@é’f&ﬂ*for%@f@&@@m@mmn% and two
detwnnrmﬁfmmrtmfmctt@ém%@] Hiealtyay IS WRLE incare
some ncapsulatecp

s of a_mixture of free an
%naéghq\?{%as desc?l e a&@om?) QR %@Wf%ﬁéfg@ﬁiﬂlﬁéﬁs (MsAllen, Texas)
eseribstbaboite) fhe delérmitmighethetsheatheersiisal fertapypenositeds of

iesERp g ol e 2o it e glocheyl

total fentany in vivo."A summary

6?@%@!@2?@5&% M@)lﬁl @é@dsét«@v‘se(é)clm(mxlm;\a@ @y\er@E@bgs@gMalnme (20
sacginl t C n m ptiMist |

26 mc g/bmln 12 mi%’('i%ﬂd%? F)@rlgL n%ﬁg% gAn min 8 gr%,dn r?n %@?@eﬁﬁ’?nmi
%%?éﬁwi\?ﬁ‘tf% %ﬁ&% tfastiate of mhalatlon Wlth a specific fentanyi
composition (as described in Example 5) yields a range of rates of

[0256] Healthy volunteer subjects were treated with single doses of a
mixture of free and liposome encapsulated fentanyl (as described in above)
using the various nebulizers (as described above), to determine whether the
theoretical fentanyl deposited to the deep lung could be correlated to the

average rate of delivery of total fentanyl in vivo. A summary of the results are
shown below:

Device Theoretical ~ Deposition | Actual Deposition
(ACH (in vivo)
a) Aerokclipse 31 mcg/min 29 mcg/min
b) MistyNeb 23 meg/min 17 mcg/min
¢) 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) vields 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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25 deposition of fentany! to the deep lung. Very good correlation between

theoretical and actual deposition rates was realized with the

breath-actuated WO 2005/032369 - 58 - PC'T/CA2064/001578

AHREE[PEE tebulizer and the breath- er)c?anced Pari-LC Plus Nebulizen. /001575

Poor correlation between theoretical and actual was observed for the
rét?ngé ;sn})al‘ .volume j%ﬁﬁgullzers MistyNeb and OptiMist, with

actu T ive deposnbrisiy R PeaittRTEY th&thlitr lgR dNgBUfERs.  Poor

exmemaenm distvshoivs thaif@thenconthinatieas ebeempasitionHWithnventional

t d ff to combined with a
éﬂt\%eqﬁ%rz]e[?grgoaﬁy%hh evlelopeI or eyt/)?el?ﬁﬁp d@s@?ﬂ%&te\“ﬂ%eﬁgﬁ%ﬁ” vivo
oﬁ@@@ﬁd%n@ﬁ@édﬁﬁés!ﬁ@ﬁéﬂmd byf dhetermiriiog smpttiml ciﬁmzblggbl@m]em also
USIAG,FOYHiRe SREIRRALSIEXAM %?Héog IBiea %ﬁ“ﬁ% %g?égﬁggﬁuamn of

effects or’ Fentanyl preparations in man su
foRBIRih PeXAMRIRNEHIR howtink saangiwe eﬁéhtgaamﬂfsxaet effentizef anay b

apRFRAFIAIE iDhakRE e fimidal t iver
tké{%getﬁcally effective am(gﬁlﬁfect)? 2 %ﬁﬁ%ﬁ@%g F’gr@&sg%t%?ég Sa method

A B HS,REH 6t FreBkdiRbAYE MW&%&W\% e¥RespRMaddientanyl
were prepared using the method described in Example 5. Finai
ptexeinminng cérinioedtbetingent 35.t0idbi0L offthesfaritaniasfrassbbehtions in
wﬁh%g@g@d@er in the encapsulated fraction. [0260] Post-surgical
patients undergoing arthroscopic anterior cruciate 20 ligament repair
were studied, A standardized general anesthetic was administered with

uﬁ ous fentan | as the intra-operative opioid analgesic. Following the
3 R? with tﬁ@ep plidNe SRINAK isAYPBsh e traleinefients and side

(Féﬁé‘dﬂé shewpaiignispere trertied WilloBrhstvee & frad and ioosame, atients 1o
ysulﬁlted fe taaspél/ u§ 8the AeroEchEserM Nebulizer breath-actuated
un| &

& B AR Hhen they first indicated
that they were experiencing moderate or severe pain. The patients
séferSYulated tHeraiosiere Hpvtlimtansinhxationstfiose tfmwtaoyﬂtf&memﬁosome
ot eraelinseashulzer sapeed Wil aldbnmiue ol isea

Cli
Il%?some encapsulatéd fentanyl. Patients Wwere instructed to rep ort xampie 5.

ti *@%@6?@%%%99@%@%@@%@&@%@@@@ fieatanyl as free drug with

sefeadministeationnat onsgsafiaitectivetpain or the onset of side effects.
Subjects not achieving effective analgesia at the point the nebulizer was

[0260] Post-surgical patients undergoing arthroscopic anterior cruciate
ligament repair were studied. A standardized general anesthetic was
administered with intravenous fentany! as the intra-operative opioid analgesic.
Foliowing the surgery, with the patients recovering in the Post Anesthetic 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 mi 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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W(? 2005!082369 P"IYCA20041001 578 -59 no Ionger generating

aerosol were provided a second nebulizer charged with an adc!ltlonal 3 mi

of the mixture of free and liposome encapsulated fentanyl. in this manner,

pafietitsirare’ in effect, given treatment "ad libitum”. Patient self4/CA2004/001578

administration of the nebulized drug invokved the patient grasping the

nebulizer 5 with their hand or hands, placing the mouth piece of the

nélulizErshabiedr atiogthevitiolaviigbt ;S&ﬁlhd@ﬂdaaféhfgi?ﬁgeibaI&%‘Plﬂ!?dﬁ%%?e\émh an
ing;the inspirati iod of a .breathing cycle. Patients were ins »

o s T S Al Hes T ey R ader ey I i

anAigesia. P61} Atfshts werBanionitored fenany adVerSEBNEAtS, Patient seli-

: i - irat oxia.. Patients were also =~
e e Ol B YR R SR Rite B ebuizer
"s‘@\géﬁé“?ib%}% AhbeRrsr Biaringhinisetbmiebthefiebulizedideugn aseir mouth

weltias: aighesime ahfirstexpenienss abhreakihy tﬂ%‘@néﬁ?r%%]ar?‘g%r%d of a

IS "singie dose" or "single treatment period” study,a 15 co vention:
Zm'il Ssé‘gﬁlerﬁﬁ%at? ﬁ*f%(lﬁﬂ VENGUERABIPIRIR Y Ware allsil alsterailal thetiegitsut the

: : . ; fthe
atraaytiene thelytlexp esmreatreridkeough pain. [02631 Most o] .
post-surgical patients (80%) were eligible for treatment with the nebulized

d ) te” (469 "severe"” (34%) post- operatjve
DA {0 PACU) FRLe rEbAAS 1) Ao SUalLovE i gganoes
wWarEERBY HeAtdateopEh Bs it tRatientsnesrtetigiblestatientsicscribe their level

sutceasfully useththe sthidy deg)gé@@d!Iyoqché%\//?,%eyrcgﬁpgblee anajgesia solf-
sQan attt?r comm cing nebulization, and were able to seli-ti rate their f
dosing to e B&ﬁﬁlﬁ rée@éﬂﬁﬁféigﬂécﬁ%%bﬁjeéﬁhﬁa@@ppirfgﬂhexpenence 0
netsalidhtimrghbairmean time to 25 first perceptible e_malgesm effec_t was

5.2 minutes. The average time to effective analgesia was 22.8 minutes of

inistragion-of equate/effective .analgesia, 5% repqrted
ol 780 rom e Al RS e e TR i SORGG .
fr%?ﬁ“%’é%ﬂ@" o aiaeais aediraiirhténtiavachisvet ratdegyatelefiectivdle o all

apalgesiaens moaiesed{BeReRgNAAR AT the S0 patients

required no further opioid during the 12 hour study 8er|od.
[0263] Most of the post-surgical patients (80%) were eligible for treatment
with the nebuiized drug and reported “moderate” (46%) to "severe" (34%) post-

operative pain in the PACU. Patients reporting only "mild" post-operative pain
were not treated.

[0264] 95% of the treatment eligible patients successfully used the study
drug to rapidly achieve perceptible anaigesia soon after commencing
nebulization, and were able to seli-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/effec{ive 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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Breakthrough pain was experienced on average more than 2 hours after

W) 2005/082369 r'CT/CA2004/001578 -00- completion of inhalation by

83% of the patients and required administration of intravenous morphine.
[0965]'0the patients treated, 95% reported effective analgesia-aftenselfos7s
administration of the nebulized drug, and’ rone experienced toxic effects.

84% of 5 the patjents stopped self-administration of drug when they
r@&éﬂ@ﬁtéoga?gﬁla%?y%v Y ot ararje&ia. Rt 6t FRiferre \Sisshadministration of
seltradanioistrateshofarug shortly (3 minutes) after feeling (and reporting)

a side effect (sleepiness or nausea). 02661 These results show that the

aH¥iGadic effelts RSt HliaR 8 aPS dppropriateatieeliza anmgesia after self-
farmpiatiaaeandeedsesboyeatiants tadelivee 204besapsutically sffegtives o, o

aﬂgount of analgesic, while avoiding toxic effects. Example 8: Testing
v

HB YR RS 57 GAGRINS GalioarSsHurLY 18 B6RP ) FRARRhmgatistactory

ekaniple shelgssicariouscopigidifontaalinns apprapmairferisseondiey shortly (3
invention. The for .ula£ion are hased on the kno%%lf)i harmacokinetic

e A e O E 4 SIHR SHEHE (SRR RS RnDRe=2)

equivalent potency as compared to fentanyl, and the outcomes of the
cliff&flstudies'deserived!Eeivew[irBgheraspluesiordieoistainthgidemiktate of an

obppieisisare ipramaed; agcagdi e ti S law: .
Zoglgao% o,nsét (S)[pioid Sr%a?égﬁg%%%%? O%%%wgat%eg? gr).eglp(51')5071\;?{ogrrlQ %’%%la deliver

CORCRPRHHFGHYTSHRCBShRBHINGH i dheesimy iR Rvpidinshieie) efocts.
(mcg/ml) Fentanyl 200 a-Liposomal 300 15-60 fentanyl Fontanyl 175
Lipxoniald: J251%: 6@ o ke ftanyl aFentaiovlep ti2Grhigobosnab? éput5-60

[0267] The foliowing example shows various opioid formulations
appropriate for use in the invention. The formulations are based on the known
pharmacokinetic and pharmacodynamic profiles of the component drugs, their
known equivalent potency as compared to fentanyl, and the outcomes of the

clinical studies described above.

[0268] Preparations containing a mixture of opioids are prepared

according to the formulation chart shown below:

Rapid onset opioid Sustained Effect Opioid Rate of
Deposition
Type Concentration Type Concentration | in the Lung
(mcg/min)
(mecg/mi) (meg/ml)
wﬁ%
Fentanyi 200 Liposomal 300 15-60
fentanyl
Fentanyl 175 Liposomal 325 15-60
fentanyl
Fentanyl 125 Liposomal 275 15-60




WO 2005!032369 PCT/COY 2001100157% fentanyl Alfentanil i 1600
Morphine 12000 00-1600 | Alfentanil 1400 Morphine 13000 4-00-1700
Alfentanil 1&00 Morphire 171000 400-1500 [0269] | -lie foregoing

destripfionzigby way of example only and shall not be construedrto Aimit/o0157s

the scope of the invention as defined by dhe following claims. 5 LLOYC)
WISE -62 CLAIMS 1. An opioid formulation for use in a method of
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analgesia is achieved before the onset of said side effect, and the onset of

1qozedjside effeet aseuisiRgiRER ANBIRASSL B R?&é&?@f’és&ﬂi)ﬁg?t

maximum opioid plasma concentration does not reach to

wRErEBYTHEShd8t Undalissiseranest &am buerianbgstiefagentiothe following

e

ve

techinate inhalation to avoid toxicity, wherein the opioids in the
formulation consist of free fentanyl and liposomally encapsulated fentanyl
and the ratio of concentration of free fentanyl to liposomally encapsulated
fentanyl is about 15 2:3. 2. The opioid formulation of claim 1 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, preferably no less
than 80% of the maximum total opioid plasma concentration. 20 3. The
opioid formulation of claim 1 wherein the total opioid concentration is from
250 to 1500 mcg/ml. 4. The opioid formulation of any one of claims 1 to 3
containing free fentanyl in a

%%tléhaend shall not
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concentration of from 100 to 400 mcg/ml. 5. The opioid formulation of any
one of claims 1 to 4 containing liposomally 25 encapsulated fentanyl in a
concentration of from 250 to 750 mcg/ml. L.LOYD W!SE -63 6. The opioid
formulation of any one of claims 1 to 5 wherein the total opioid LLOYD WISE
concentration is about 500 mcg/ml, thé?ree fentanyl concentration is

about 200 mcg/ml and the liposomally encapsulated fentanyl
GlokiddBitration is about 300 mcg/ml. 7. The opioid formulation of any one of
claims 1 to 6, comprising: 5 150 to 250 mcg/ml of free fentanyl; 200 to

1400 MegPRIPSE fﬁf%ﬁﬂ@ﬂyf%é‘éﬁsmﬁe@‘?m&l;péﬂ\‘idg% éééh_ﬁ%aéflf atient
O B R 2 DeS B RNl Y iong e R Harhuiation

Q
re of a medicam provi algesid to a

%ﬁfﬁﬁg#ﬁ%gﬁ%@rﬁefe&%@ RUlReNBririsiise %9%%&]'5@%%%?“’% fhalation

ary drug’delivery device containing an opioid formulatio

VRIER Uainga @BA)gRsiRdRIa Ralipysaic: de ieeoreBtIriSingadtaiswd pulmonary
containing a formulation according to any one of claims 1 to 7; an outlet

dray pleli soytheviontaimer adaptad dn o epesi gartickbreaf dhediereriigtion in the lungs at
dispensing particles of said formulation through said outlet and into the _
Jorefieekrsugte astifismblpiemsersnesgieneiivsivarrn 4l PbREiERsE one rapid-
rate whereby, during inhalation, analgesja is achieved before the ans fo .
%‘T’%p?&'&éds_ : ﬁggﬁsér?@?h%ug?%%?%l%gf% gfg_]g_@ﬁ@%'{‘ deturs %gfgrrz)eﬁt_ﬁlaee during
iﬁfﬁ‘aﬁ%&gﬁ OXigiNeiANd SO 1BA IR ARV QRisid RIavBaAfeBCeREaiRbnset of

oes not reach toxic 20 levels, and whereby the onset of said side effect

SO badised hYothe RavisptdanteniRaterimhadatioare syaithiaxigiatihn opioid
pulmonary drug delivery device containing an opioid formulation for

mEedciycanaigiesialdeapatieathsaidcdevite adwenelsitit: ansehtdineid side effect
containing a formulation comprising an effective amount of at least 25 o
@mebapieohydhemalignatodasninaiesnbaiaten-SrRQid srxigitanugrein the opioids
pharmaceutically acceptable carrier; LLOYD V'JSE -64

in the formulation consist of free fentanyl and liposomally encapsulated fentanyl and
the ratio of concentration of free fentanyl to liposomally encapsulated fentanyl is about
2:3.

2. The opioid formulation of claim 1 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, preferably
no less than 80% of the maximum total opioid plasma concentration.

3. The opioid formulation of claim 1 wherein the total opioid concentration is from
250 to 1500 meg/ml.

4, The opioid formulation of any one of claims 1 to 3 containing free fentanyl in a
concentration of from 100 to 400 mcg/ml.

5. The opioid formulation of any one of claims 1 to 4 containing liposomally

encapsulated fentanyl in a concentration of from 250 to 750 meg/ml.
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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; b ovp) wise
wherein the concentration and type of each opioid and effective rate of

delivery of the particles are selected-s@3that, during inhalation, analgesia

is achieved before the onset of said side effect, and the onset of said side
eeffecTbecupiokforenthaionset efytoxieityf atanss thae thewhasémuheofsitsibl opioid
plasma concentration does not reach toxic levels, whereby the onset of

ceosiersimtiarricebant 580 5wa/BY 1he Fatdan e AR AP hisARgh 260 meg/ml
id toxicity. 11. The devi laim 9 or 10.furth ising deli

P R SRR AR LR e r Ul b r el

ﬁiSpeﬂiggﬁ%iB\?vﬁ%ﬂa%\%g‘i% ReRldailts ThE slevrRdiagy one of

claims 9to 1 erein said outlet comprises a fenestration which must be

sealedyBYy the tipsebihe aatindraiger for the formulation 15 to be
dispensed. 13. The device of any one of claims 9 to 11 wherein said

disperziog sdins dg/briezthipcctuaigoe ricépshietddvardaniyhrapdne of claims
9 to 13 wherein said particles have a mass medium aerodynamic
diametepATrsneeuticalyraraentabiEcesierhe device of claim 14 wherein

T R B A B Pl e

R i particles

h : o . :
e L
SHisPansIehiR particles dispenses between 0.2% to 1 % of the

formulation per inhalation. LLOYD WISE _65 18. An opioid administration

&it complisiigianypdiigarsine or dededi venyt dievir @aopiridiriortaudatipoier groducing
claims 9 to 17; and instructions for using said device comprising the steps
afalgesinunasdpiiehtlsid deyitereitisiNgsing said device and stopping
inhalation when satisfactory analgesia 5 is achieved or at the onset of a

side effeRaMRN FIPRINSTATEHAIGR RiceETHISHG AgY one of claims 1o 7

an outlet coupled to the container,;

means coupled to the container for dispensing particles of said formulation
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 opioids side effect, and the onset of said side effect occurs before the onset of
toxicity, and so that the maximum opioids plasma concentration does not reach toxic
levels, and whereby the onset of said side effect can be used by the patient to
terminate inhalation o avoid toxicity.
10. 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, at least one sustained-effect opioid, and a pharmaceutically

acceptable carrier;
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a formulation comprising an effective amount of at least one rapid-onset
opioid, at least one sustained-effect opioid, and a pharmaceutically
acceptable carrier; a pulmonary drug delivery device comprising a

container, an outlet coupled to 10 the container, means coupled tbL4R&D WISE
container for dispensing particles of foBrhulation contained therein through
said outlet and into the lungs through actuation by conscious patient effort
and abameffdcivpletéothenstiaidering inhalation, analgesia is achieved
before the onset of an opioid side effect, and the onset of said side effect

occurdBeRsrEoRIssh &t Be tGRINAN SN s S BRED RIRINRAHIRIGH btaPiSpigIgrulation

| trati 1 t h toxic level dwh
R Pt e AL B ey e e T e g o

bté)&\{géqet@xicity; and instructions for using said device comprising the
steps of filling the container with the formulation, continuously inhaling the

formulgtierMsing sstid-d@vsss and tpbensisgdnlapiatipanthsfesatisfatiarydelivery

analgesia is achieved or at the onset of a side 20 effect.

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
levels, whereby the onset of said side effect can be used by the patient to terminate
inhalation to avoid toxicity.

11.  The device of claim 9 or 10 further comprising delivery rate controlling means for
limiting the rate at which the formulation is dispensed to below a selected threshold.

12.  The device of any one of claims 9 to 11 wherein said outlet comprises a
fenestration which must be sealed by the lips of the patient in order for the formulation
to be dispensed.

13.  The device of any one of claims 9 to 11 wherein said dispensing means is breath
actuated.

14. The device of any one of claims 9 to 13 wherein said particles have a mass
medium aerodynamic diameter of from 1 to 5 microns.

15. The device of claim 14 wherein said particles have a mass medium aerodynamic
diameter of from 1 to 3 microns.

16. The device of claim 14 or claim 15 wherein said particles have a mass medium
aerodynamic diameter of from 1.5 to 2 microns.

17.  The device of any one of claims 9 to 16 wherein said means for dispensing

particles dispenses between 0.2% to 1% of the formulation per inhalation.
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18.  An opioid administration kit comprising:

a pulmonary drug delivery device according to any one of claims 9 to 17; and

instructions for using said device comprising the steps of continuously inhaling
the formulation using said device and stopping inhalation when satisfactory analgesia
is achieved or at the onset of a side effect.

19.  An opioid administration kit comprising:

a formulation comprising an effective amount of at least one rapid-onset opioid,
at least one sustained-effect opioid, and a pharmaceutically acceptable carrier;

a pulmonary drug delivery device comprising a container, an 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 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.



