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n yet another embodiment, the insulin composition comprises a complex
between a diketopiperazine and human insulin and the diketopiperazine is fumaryl

reduce

diketopiperazine. In an embodiment according to the present invention, the composition is
administered by inhalation as a dry powder.



[0023] In one enbodinent according to the present
i nvention, a nethod of reducing postprandi al glucose
wex@aneisons in a patient with an insulin-rel at BCI/US2006/012366

di sorder is provided conprising adm nistering an
[0026] nsullim Iyet anpibsir embodinena dehénpﬁeéehﬁmv@nf 6N, tﬁ#'ﬂ?&ﬁ@cﬁ Y%f reducing

f cli
pOStp%&Wg\/&mcogéltegcw(%?pﬁr'grﬁj|p§ lerﬁwgggaglg%ﬁlg rg@tqr,]d:sggegér is provided
compfi€lf@ 4hdrhinisterdighan  avsuthal i Gﬁﬁbosﬁﬁﬁlorrﬁjl A9fdr@_shiRaté eRPNbulmonary

v insulin i s adm nistered in
acmilREEB et e PRI L ERTY FigVagh ote REvIREIR hiaglycernia is
reduced furthiencorapiiesi ddirimistedngd lBrig-sdtiag edsdl imiappr oxi mat el y

10 m nutes prior to beginning a neal to approximtely
[002780 nilman esnkefdiregntpibgi mwhngekltededlbord[eﬂ&%éabdtes yredlitus.  In another

emboalﬂ%tn'ﬂe he ?F%QW\ABFEZ%E% ao‘&gd%opl F’%deaZI t' onng r{guyes’t another

embo@'ﬁlﬂﬂnt Hib;e insulsrkeirtekdisoidaeisitgpd Lidimbgles ajmekleusapl per a2| ne.

n an enbodi ment according to the present invention,
[00281 he EbAMBEST$BRPdiIReRls AiMptEed issrrowged frdpdudingnpestprandial glucose

excurﬂ@mjﬁhra [p@@é’rﬁ]wdl*ﬂah( %uﬁ?ﬂ%lé‘t@& dRERg JEﬁ{Hns % déd?ﬁm@ e‘ﬁﬁ@rgn insulin

nvention, the nmethaod of reducing postp
Comp‘é%l%”r ) Gndorm, suitablg | @npquﬁ%ﬁdmﬁmtlﬁnr shgrein Yhe postprandial

glucost &@UEASNS &eﬂé&VﬂhQ?%e%Rfrhl%él%I@&% @xét?r@fohggeﬁﬂmg from a dose

I t in aformsuitab
of S”@H%ﬁ%’@%‘f g%&%ﬁ%@ﬂ@’r%“tﬁﬁ@'@ﬂ@|Sel€ﬁa@’ﬂqyf/ S@nﬂaﬁul@wlln;exposure and

wherelre iy igtn | @itiebsBosichFstitdisaht RUBOEbNASIER 1bss ﬁ%ﬂuﬁf"%ubcutaneous
her conprises adm nistering a |ong-acting basa
admmf#@h‘?'? n. [0027] In an enbodi ment, the insulin-rel at ed

|so nellltus In anot her enbodj men
[0029f éutl illrf]oﬂ?%rl Q‘ﬁé dﬁlgeg Ijlaeelpoetgrwkeég cae%keéetgglons are reduced
from ﬂmﬁel produpedlbry tyeatmentatithesn appbawhiateesiibcutan@ous dose of insulin alone.
nsulin-related disorder is type 1 diabetes nellitus.
[00301 ooz@] anethem srbedimenb olienigeruengy 0B tepisedes gbrafinicdbd rdlemnt late

postpréﬁ&#élc INyBodisiniE 2 %d%egc eérﬁggﬁéﬁ Uf] t%%mérﬁ‘t diRatheq Obpropriate

an insulin-rel at i sorder conpri

SUbCU?&ﬁWﬁ daserqf insulimalongul i n corrp03| tion in a for m
wherein the

| e f I ation
031 L Bkt o B s AP R e o b ofreucing

postprpmalpglamheaexcglrsl@%m exSaticht WA dre Fsulin-Pdatbh ‘Hi%&dgo%eprowded
m, ni stere i nsulin providi

t
comprElpge BRI e S iinPlre TR PGSy BRI SUBRA Pgin and
fumaryreletapipscasee ED(@URI?H?NO begiahing %a’ﬁé%lgaggé]#élraﬁ%r{tc%ﬁg% Bg{rﬂlmcally
t n yet an
el R SRR R UL et e CORO b Tl St BT
composiido oe@dﬁﬁmﬂetéﬁoﬁ@nm@d@»@rﬂdﬁdtelwﬂ? fnﬁiﬁ&t@:@ l’HnoW:té il*)eéfr*u[nm(%; a ]meal to
in al one
TS RO TG CR TR e N
relatedc Kisnideal ik ydialsdtey angllitlat elnpgst BRGAEH amPBYRRGHY BRThRHUVE further
Sd aredtotreat nt with an appropriate
comprlsg 5'8 |n|s(ferm83 a long-acting basal insulin.

[0032] In one embodiment according to the present invention, a method of reducing
postprandial glucose excursions in a patient with an insulin-related disorder being treated
with basal insulin is provided comprising administering an inhaled insulin composition
comprising human insulin and fumary! diketopiperazine in proximity to beginning a meal,
wherein the incidence of clinically relevant late postprandial hypoglycemia is reduced.



subcut aneous dose of insulin alone. [0031] In another
enbodi nent according to the present invention, a

woretohoessof reduci ng postprandi al gl ucose excurBCDIS20061012366
a patient wwth an insulin-related disorder is provided

[0033¢ onpiii sinotheadsrhividirment o than preteat atlenticil & rlnetho? is prowded for

RSB SR oSSy G o Pt ot
comprigieg eadrnhl%rln@c iatie nesliof carhpavitonl liy & ef&#ﬁ%lté@é €for pulmonary

randi al i s, reduced. In on
aamifRER0 RBRISTe e? PAERRF A0 EEBa: PirRues (A oot dresd hours) does
not swuswmlalnmmemae IpyodliRedrby dh &ppRipriafe sUbcRRALARY a&eaof insulin, and
X|natel 30 mnutes after begi nning

wheremE gpstprqp%%ﬁ(ﬂ? §i9Peist reduged.i dguyat rﬁrgtl"gqregnbodlment of the

methadi, $her ribkrof izRe gostpeinasil ?ﬂoblybéma is RoYiRkreasad. her
enbodi ment, the nmethod further conprises adm nistering
a long-acting pasal |nsulnn 0032 I n one enbodi ment

accordi ng to tREL R od of
ostp {ﬁgdl al | ucose excursions in a patient

ed
rousaf, " ekt Ragp Bl e mees emegh?fcﬂ:ﬁt-m@ﬁﬂgwquhreaﬁl@afematﬂcs following

artificiblostiedulation WyibolusSylWdoak irfleglo onpr i si ng admi ni stering an
i nhal ed i nsulin conposition conprising human insulin

[0035hnd Fignee yR didpitopseremazinedin ncqroexiratdny &ftbrb%inﬂmbtﬁﬂlon of

hi f, cl.inica rele
subcuferBB (SeRE R nbHEy 1S BERE BhoibBudln pBig Fh Novolog™
is a regﬁtﬂrﬁ@ﬁa@&m@fﬁlmﬂnm dibrdiskeP Ereseatticalsy Bagsvasrd, erribhod
s provided for reducing postprandial glucose
[0036kx c uFGHENS Hapicds PapPmRes!igi ethtimeractieru Pratilasepaediristy of forms of

inhaledi(Manstand, W%F/A\?ér\'i@/l\?éﬂ(@rnAlﬁéﬁﬁésng\eﬁE nf(é%' Rlovo Nordisk/Aradigm)
formsuitable for

sition in a
and '%%ﬁ??qﬂlg%maﬁ%wm &pm difierephmasnfactirerst (zﬁrlom Brul iDiab Vasc. Dis
4:295-88p0ous (| NS- AUCO-y, 3<y<6 hours) does not
substantially exceed that produced by an appropriate
[0037}s ubcEiharsed depidisste oélationshibi dver Gimd BEARESH SerDRSTHEKIRADhEntration

and oSBT e Qi IHoRion Rl (RS Lage" 4 glucose dlamp, for
fast-aqtiog tgobemtdneduslyy adrginistesd susin I@SC) iaﬁ@@@ﬁl%na?%rgﬁ%owder insulin
icts

CRLPTI ON JHE DRAW ure 1
formulagg %ES#HPM?RQPWPF%P-% np rer‘ Ansing oHy accordlng to the
teachikgsneftthec prebehtliowdntign.ar ti ficial stinulation by bol us
gl ucose infusion. [0035] Figure 2 depicts serum
[0033]| nsu"f'gweco@cerﬁiﬁp@ta onncaéaI@d a@nsmramraditlgiucats‘e elimination  for

Techn§§b¢1@ﬁ§9|Hsﬁ4é vo s (th r{?%ﬁ%ggﬁ%it? r§<§us én%?ntstered insulin

actlng i nsul
(241U, &G it ndividuplsawiimdyrie afdlmm mﬂl(cusskcdélnrangraceh& itemhings of the

presenBR@eN®RY, d, Denmark. [0036] Figure 3 depicts a
conposite of time-action profiles of a variety of

[0039]f or rmgmfas mhald@@no( It«fbag&nwﬁs n'?flhtf?éibét@ﬁ?%héglwm @;llR (Figure BA)

di sk/
and m:»I‘,LHlP é:é){]‘é%"ltl@_lpg 8?IQUI§C§B indndiyidugls &\f#éy@q drdigftetes mellitus at various

time pmubnamuw@rnéolﬁsf (STY arfd pulmbha) (YBSSsulif =R cdrding o 3 teachings of

the present n)wentlon

[0040] Figures 7A-B depict the mean serum insulin concentration (Figure 7A) and
insulin absorption, as AUC (Figure 7B), in individuals with type 2 diabetes mellitus at
different dose levels of Tl and SC insulin according to the teachings of the present invention.



[0037] Figure 4 depicts the relationship over tine
bet ween seruminsulin concentration and gl ucose
W@lztiomilﬁﬁsoi on rate, as glucose infusion rate (QE/UN2WEH12366
a glucose clanp, for a fast-acting subcutaneously
[00413dmi rﬁlgwerSediepm:tSlal comi=Bieon @ﬂmsallrpubrﬁﬁyh&éﬁ(orﬁéb(d BRIBSS elimination

Wi th furm I perazi ne
rte BEHined SRERETE Finiian 2 eBeleF mebiR afiag Saenisedon of 48 U of T
accortling ¢ thegsacingshef tins preesiit invanéon.i on. [0038] Figure 5
depi cts increased postprandi al glucose elimnation for
[0042F e ¢ hiirigypee PA(E Yepioshibodingdith (Figlre 9% madylucobasdverC(Figige 9B) in

lndlv@}é%,ctelftlg{l}g%? ld)étbﬁfé@ rﬂélﬁt%g glﬁgb lf“s ﬁgn PD:IQJ Ili?b%mp%or 48 U Ti
accordkagttmthettéa@mmtm pnea@ﬂtm\esmm |nvent| on. [0039]

i gures 6A-B depict conparisons in intra-patient
[00435a?| Siure (1P idﬁp'eiSR”\eFir@feIP\éedaApsfﬁrﬁﬁdiahsqume exposure with similar

insulirt @R 0t iAtih@Wd (b SithayRB) didBeté%%é!lht@B%lﬁér %ﬂmusttr)éﬁ&m 6f 14 1U SC

Itus at various tinme polnt

In3uh%9fb&p§i§8%dl(’lg@ t@ﬁgawm gpeypr@stpqt m\@gmpn I.n according

0085 B35 s ot 5 L L s S04 o et

9|U00$ﬁ)|f&yelst afteri threq Riagithise of7 Msulm thdragylin rhcﬁxb@lﬁﬁ]@%l‘h”typé@ diabetes
dj abet es

T O T R
[0045RC COERiuRgk 4o Brl%ptc?ﬁﬁé] (ﬁ%ﬁﬁ"bﬁ@%d%gﬁﬁﬂh (Figyre 12B) postprandial

I nvention. [0 a conpar
Q'UCO%%WF%*PFUM%WW%{% M@ih tened? dlabetes enallitusrafiert acoministation of TI or PL

accor@M@to the T@adnfhgks ¥ i ftype 2 diabetes nellitus
?eor adm ni gtratl O%Q%‘rﬁfgbh%of Tl according to the

[00461 eac F\lgugsmfdebi@& heagRBlefieBY 6M hdimall RA#hndibIdy6&Sse excursions
re 9A) and gl ucose

d I F
after ?C@WBFE t?qg\ ?ng@yé% utpl ?\(ﬂsla&rgpg qﬂﬁaﬁn tays@ntgyl dreie{Gentrol) in

md:vndmalslwmwttypaﬁ dbetdmhdliites é@édr&ﬁ%ﬂf thé4edddingfs dr 'ﬂ%%r‘e@erﬁ invention.
48 U Tl according to the teachings of the present
[0047] nhvehiguss. 1Ele€B13jepiatg‘lhueemSOhrdewpeasanbéeratémds\@vemne for Tl and

h
endooBRSAPN AU lor BFRSEUSKBERY Bl RS ALBIEL i cring o e
teachl@ﬁ&@‘rth%lamsrantgnvmtlpon of 14 IU SCinsulin or 48 U Tl
according to the teachings of the present invention.

[0048F oo 47ipuel drdepicts Hieprelationship rheémnt@suﬁn chicestritiot andfglucose
eliminatabdn indRiddds Wit %étﬂlw&allneﬂ UsGH hl%}f‘ﬁ&lltr%tlglfu toﬁllhtravenous,

nmonths of insulin thera I'n |n
(V.5 M}pgsﬂ%li%t'@éa'%( Tl 1QPsUR/\m§WrTﬁCC@id"m f@db@éﬁa(cmmgs of the present
inventiégcordi ng to the teachings of the present invention.
[0045] Figures 12A-B depict total (Figure 12A) and
[0049]naxi Frigune( To @s:mets 112Bevele 9F Orpuptidalafteh Q@rﬂlﬁ%t@ﬁ@m bﬁTIOcBP $® insulin

C [ | abetes nel | i
n 'nd'b@gnéllﬁl‘gid?t Q'FB%SOWG&P%%%F‘H”Q@% ettﬁéch"égfcﬁ’f fgg present
inventioh. t he present invention. [0046] Figure 13 depicts the

dose_effect on maxi mal postprandial glucose excursions
[0050] Figure 17 depicts the change in mean glycosylated hemoglobin (HbA1c) levels

after 12 weeks of administration of Tl or placebo in individuals with type 2 diabetes mellitus
according to the teachings of the present invention.

[0051] Figure 18 depicts weight levels in individuals with type 2 diabetes mellitus
administered Tl or placebo (PL) according to the teachings of the present invention.



after admnistration of Tl conpared to the assuned
dose in a control group (Control) in individuals with
W@ 9e/1@550i abetes nel litus according to the teapdi/ng0©612366
the present invention. [0047] Figures 14A-B depict the
[0052] nsungureqapl@AFBn@@ldStabelmmafy furistonh Oéxﬁﬂeséﬁw as_forced expiratory

enous aft i str on of Tl in
volumB 16 3R R84 e Bichie FemGintl Pusoe] (rpaty (et Faure 198) over
time if exatbmel’lgenthfpléd@eoﬂbﬁﬁﬁléﬂ dllﬁ%@l@tu@ﬂw[t@ngl:cdﬂilﬁg' k& thePteachings of
I,CLS @he rel ati onshi p between insulin concentration

theprg% t{:ﬂ B¢k ellmnatlon rate in individuals with type

toossf ¢ SRR 20 BBpiel i s &loeil b i ialeeiqeee i ot o

[0054}) | F@mlréﬂﬂQBQfe?ﬁdﬂ thel t%s%n?e E&?&%§Q§%@E\ué§% g&@?ﬁ@éﬁon Versus

I nvention. [004 igure 1 Icts t
time Ry trRaiiegkaretp éﬁeaaﬁmmlsétaﬂam iohrT! end A isoeal@ic mesu(Figure R1A) or a

hyperteiéticieaiaFRurd 21B)taBsrdihgdb ?r%etbgéhlﬂﬁ %ﬁr;cﬁélﬁbe%%g?ﬁ | f3gnt O

the teachings of the présent iInven I gure
[0055]17 dEjgiucdss22AB deipivh e baselmaeorgéd@@gymm RguitecBEMPALdN versus

ime B ol GOFA S LB T el o o
hyperqmbriq rmeal (Biguer 20B)@ctardingeo treatebtiggs 6fthd El%séﬁtﬁﬁ\%h‘hon.

I nventi on. %_)[ 0051] Figure 18 depicts weight levels in
[0056]} ndi Gigyrasl 23AnPtdepio) e medn dtsodegiucosk! levals (Figurer2agt) er @ipeptide

levels Thg@lre @3839%9 tl&g?ﬁfﬁ%g@ %’Iﬁgc&r}i g‘; \?%&f E@gg{)ﬂ%ﬁea‘%nsuﬁ]n according

resent rnventio
tothe&ﬂcmaapythﬁmﬁ%qqnbwve@mr essed as forced expiratory
Fi gure 19A) and forced

vol u i n secon FEV1
[0057],; taFSH ag4‘§ 1598f eNilsiON sRter (Rigure P4A)a of Hpean insulin
concenteatioh (}B’II@IG:@QQBF@OM mhé @teﬁ'adﬂ\irﬁél}atléﬁ WYV WsENor Tt (lnhaled) insulin
@) in 0 th teachl n%s of the present inventi
accorcﬁ% éﬁ ﬁq%ﬁ W@S? hgseSENs MY eiI08: udy scherra f or the
clinical trial disclosed in Exanple 6. [0054] Figures

21A- B depict the baspefRGIoNGE TERMREY bl ood gl ucose
concentration versus t1ne by treatnent group after

[00581ad i Prisittd %bttlﬂg f&rth the innghtin '|§M§9|b@rHeg)fm§ rdvidesH Gnderstandmg
ercal oric neal (Figure 21B) gCCOI‘dI ng

of Ce”?'ﬂé%mésat@ﬂ‘i ‘ﬁ'é eyped Rerefialisent i nventi on. [0055] Fi gur es
22A- el ine-correcte i nsulin
[00591 5n 2 rat | on/E\QE?%ﬁ@erﬂn rykﬁ?"‘f ar?f‘i?éﬁ Ba'ﬂf“ﬂlétte composition
that is adbrsuspshded DDdISS(ﬁl}/éa maandr@lellaﬁpeérﬂén g; Eﬁh@k) hélﬁdgw ienot meant to
e ric meal (Figure 22B) according to
imply efﬁd%?l@tre QP{& & ter rp%lgcéLH?s( g [ 0056] Fi gur es

eac I NgS of 't i nventi on.

[0060]23ﬁ'lfar@e;ﬁ’r\é‘sb the u'ggé‘%el%lﬁ’@éjargl M%%Bé%fg%e oSthHidUe n-blgod insulin

C-peptide | eve over tine
concerd@Pn ingiueed inggseansevo agsaly Tiis earlyitiae aumsulnrsnmresponse to a meal

issomaﬁﬁ@é@fé}g;d@agh@stﬁgggl ngs of the present invention.
[0057] Figures 24A-B depict glucose infusion rate

[0061]( Fi dixcarsibhA) ASluse® dBrdin) S'Bkduision” refers to blood glucose concentrations
that fall either above or below a pre-meal baseline or other starting point. Excursions are
generally expressed as the area under the curve (AUC) of a plot of blood glucose over time.
AUC can be expressed in a variety of ways. In some instances there will be both a fall below
and rise above baseline creating a positive and negative area. Some calculations will
subtract the negative AUC from the positive, while others will add their absolute values. The
positive and negative AUCs can also be considered separately. More sophisticated

statistical evaluations can also be used. In some instances it can also refer to blood glucose



concentration (Figure 24B) over tine after
admnistration of 1V, SC or Tl (inhaled) insulin
w@ewoeneisng to the teachi ngs of the present i nvRCIL/USW06/012366
DEFI NI TION OF TERMS [0058] Prior to setting forth the
concentraiiorsi tat iise raryfae obwidef Wl nomar exrgde 3)51 normal blood glucose

der st andi f ce be use
concefirmarigrly tQue] '?Baygaa%ag/dfgme PSRl g5 than 120
mg/dLpmedeiuls afefreatind @ nieal, iang IgRarthars Y@/ amRpshiiden t hat
IS not suspended or di ssolved in a propel | ant,
[0062F ar ¢ Fmst-PhﬁsemAse:seIqumeld “flrslt-phsse’icrefereemthetsplkeﬁi’pirmulr’m levels as

ul e 0 ar |
inducPBP. BofsTRRRARLE ydttion BPD Blodth A5 Bhase RN EaFs gnerates
a sleenlnbbloodj insudin| doncerdratientthatt isoa rapidugestt Which elgrogeayisOrelatively
neal This early rise ininsulin in response to a
is sonetines referred to as first-phase. [0061]

[0063FX C U GhiceBe EAMirsE6H RARY: eAd usef Kfﬂérns b cos%et{) liffiratibh r %tjgf) %\?tvhe rate

| ucose concentrations that ove or
at Whgh (Heosg fisapreaisi rem dhe dlonsk ard g ﬂetﬂgmpeu byt the amount of glucose
infusidaXredliifd u
(CUSTOTATEIEAIOE Aioh AEREE SDyS 201 EM IR o sy
per '°dA@'% &H‘CBée @Q’BWQB‘%&B"? s aayalrte é'ﬂ%/ gcosmipdusiamrai mbbreviated as
GIR. i nstances there will be both a fall below and ri se
above baseline creating a positive and negative area.
[0064]So meHggergiytarhiapiies Weblhesalbt“hﬂﬁérglglb@n@e&ad higﬁerﬁth&m hb@Ral fasting

dd th b
blood bliEaBO Bk Faid " sGalb I Rl o1, Bl same S ais Byperalycemic
episodes n&irel defe dsspinoat glligoseMoneertEbhsxdaeating 28b #id/8L [ 1B@mMm),
eval uati ons can al so be used. In sone instances it can
[0065]5) soHyRaabicemia: bpﬂ@d@e@ hereise Swpoglyteraial éna IdJ\hat thah s®roal blood

glucosbalbn@tiratisle ﬁstﬁ‘a?lzsuarsl 3{%2 53 rﬂ& 55b|ni@8 4;@'8 ﬁlyoﬁglevant

concentration I s tween and
hypoglycqraiatis ﬁgﬂmwdaa/blag@glucp%%gonqeamameiw 66 rth/dL loo Gassing patient

sympt%ﬁ& IGS;l]JCﬁaéé n%’gétolﬂﬁf‘g{uslghase%iléﬂé@n J\H? rgg e%%g@ %de symptoms of

hypogIyq,qmlgtaqgh@gtedlsam@r vithoappneprisps kaloiin lntaka.ll Bavére\hybeglyxaamla is
i t ucose.

ot 3Ryl R ENEIANE L BT gl BLEEES . or

help bY ?f;*,q}hﬁ’rri)%ncentratl on that is a rapid peak whi ch t hen

decagys rel at i ckl 0063] G ucose Elimnation
1008615 M Bl R et oS i REEY T 46 Haed BriclatioR o pweal, refers

to a pehbeneatlﬂ tie mﬁﬂhs?ﬂje@hruﬁ@&&a fegpppears from the bl ood
and is determ ne by the anount of glucose infusion

[0067]r equinswid GanpasitionaiAs uﬁedkﬂeeelb,l ‘tresalling bumpes}tlorﬂfréfen; to any form of

insulin @PWfo]r%gnWéthlﬂoﬂ Y8 aqga rﬁcﬁg%lélﬁﬁ% gggl‘q %Sliaing#ﬁom mammals

mnation rate I's €q ua
recombirang , insdioy dosuin e@BSQSIa’@IdRWIt[\ O@Béﬂ mdygeieyl woe miso mP@Sudes insulin

admw#@r%@ Bfreﬂynroutéwr%ﬁfoq@/ %Smo%ar)) su%cutaﬂg&rs tnra%QI nocl)'almi)uccal and

sublingual. lnsuhn compositions can be formulated as dry powders or aqueous solutions for

quickly:

inhalation; aqueous solutions for subcutaneous, sublingual, buccal, nasal or oral
administration and solid dosage forms for oral and sublingual administration.

[0068] Insulin-Related Disorder: As used herein, “insulin-related disorders” refers to
disorders involving production, regulation, metabolism, and action of insulin in a mammal.
Insulin related disorders include, but are not limited to, type 1 diabetes mellitus, type 2

10



bl ood gl ucose concentration, usually 126 ng/dL or
hi gher. I n sone studies hyperglycem c epi sodes were
waledosnessorns bl ood gl ucose concentrati ons exceePCnySD8L012366
ng/ dL (15.6m\V). [0065] Hypogl ycem a: As used herein,
diabetelsyrpeliifug cleypoalycémiaa hlyp(wglycérh@n indelinpésiktbaad ldﬂs%%‘ﬁcreatlc beta

el fué?ﬂ) entc{lzﬁ}%ﬁl &ngaé"\g%ﬁ?c hétﬁ ?S/czerr]nag |6§ ggé ?heg gs bl ood
[0069§JI UC‘R}ﬁ&gE%&SQt k@h%&ﬂh&%‘ W]e6tg OR; @gc%?;%rjrg Hbcll%ggmgggapsules

Suc
havm@ @atomresheécmmwed Qf)ertberoamuca‘tomgqsraghg@&meaora@@otﬂb&iatlon of a

I t
ket ERERRS ondloh SPROUBLS & M bGipRR A G ot Eorhining arug
dlsperlsgq threeghayt thezgpbars; paeickes of Bregglau shase; iant paiers . in @hich the drug
is coaﬁb@rlﬁ ﬂ@’sﬂ‘%‘&ggfﬁf tﬂ@ Yticle[ Sfﬁﬁgglgst rgl)éil ZTt It gn ?2 ;SrGrgal

elrn OXIm

[0070] ef ePgripr@ndiaPERk Qﬂeﬂ%rrelh n“p%?lﬂﬂ%nﬁﬁl”trjél%r?gghg&lrlgg Htin® starting

0067] Insulin Conpositlon
shoﬂlﬁ%gm$ ortiyeaiter thef ingestiop okayneabonsmgcki nsul i n
and i ncl udes

007171 LGk Thh oAl L2 e e

ingestionsafla mealss enack. wdetihepdih gatenflststh@al ?éTQrs&b%Openod of time 3,
ered by any route including

| |
4 orﬁ&%#{%ﬁ% epﬁﬁs:%ti]&ng %I ﬁoﬁﬁ@%ﬁk oral, buccal and
bl | f t ed
o o SRS 08 ST 5 B
Increageg, theueffectivendass res EfoJVltYSGfomameuispv&Mbé|Ie\@uaﬁuat the agent would
othew@é@é@ém rﬁﬁﬁ’ér n’%ﬂ/arla%af@%&lftytgé ifdle teﬁ%ﬁ or %8%@)? As used

fornms for ora mnts
herein; rpotgntiationd | partisylapy sefetscto: theB@buB/emf dmatachblood insulin concentrations

to boost NSl ¢ &' Tai
0 o oo s hin: B o, S BRALAS! T the alucose
e“m'”%ﬂS’Plr@'ﬁ of insulinin a mamual. Insulin related

di sorders cl but are not limted to, type 1
[0073]d: ab%rtagg'ahé& V%quj"er?'ap@aftﬂ’l'aétf@f%l% tqy@ et o snack.
[0074]hyp0§éé6?,8r]3|~%se hyRse qy ?\g%gﬁc‘ts}ra(g%u Q{'@sfegiéfgrt&? {g) t%e slow decay of

pancreati ¢ beta c
modesﬁmmieva&d blobe timsutie| b wls pac6a] ba&ejmemret itied Efst-pheselBS passed.

C icle
T T T ——
blood ﬁUQﬂsﬁé@\@ﬂ perazine alone or a conbination of a

00 |keﬁﬁyg era2| J1e and one or nore drugs. It_also
[0075]; ¢ 8 srﬁhéf%gf}%'ﬂeﬁsd@ﬁﬁ aerimgTeechngsehiesg¥inselih” or “TI” refers to

an msdhhfd@)ﬁqﬁﬁiﬁbn ch@pash V\g @gijuld?eﬂu?ﬁéwl lﬁ§ulﬂfarldr'F&%Hl)%ﬂ‘teag‘}ﬁ'ﬂf%mpamcles

q Lﬂ%f' particles in % I'S coated
a drugs (eiverg (stesp- t Hechragspheree mcr@pam@es/mn@rlsheaednhetoplperazme

specnflcﬁa(n970il 6- BWuhfél'rﬁJldérﬁ1nob I)-Q%QQKQS{) ?bl%zmepre(ﬂrgérgln d(’il?étoplﬁcarazme

EDKP % peri od i me star %&sho ef o
Je RREH C%Moﬁqf‘?o%heé‘? /‘Fﬁ‘éml Wgﬁ%lﬁe@ﬁ KRihuraan ineulirseramdasition.
[OO Po r andj post pr andi al "
[0076]ref éPs §eod5§@beérl1l e&qpqurﬁ%n%f Pre SKﬁgé@RWQﬂ‘? pketgpipgeazines and
salts, @rnva;twas,kanaf&mwsmﬂg’@ﬂlﬂ%tfbnﬂtﬁér@opféiﬂh@r\ﬁﬂm #le $@bBIGF the general
t

Formul§ 1pWhePe|n He ring aton13 E1and E; at positions 1 and 4 are either O or N and at
least one of the side-chains R; and R, located at positions 3 and 6 respectively contains a
carboxylic acid (carboxylate) group. Compounds according to Formula 1 include, without
limitation, diketopiperazines, diketomorpholines and diketodioxanes and their substitution

analogs.
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4, or nore hours after ingestion of a nmeal or snack.
[0072] Potentiation: Generally, potentiation refers to
W@2@enels0i on or action that increases the effepCT/USVOEE12366

or activity of sonme agent over the level that the
agent woul d othermnse attaln S|n1larly it may refer
dlrectly to the incr@ ffectRor activity. As used
herein, "potentiation” artlc larly refers to the
ablllty of el evated bl opd |ns I|n concentrations to
boost effectiveness_o insulin levels to,
for exanple, raise Rae gldéose |n1nat|on rate.
[0073] Prandial: As used. herein, "prandial" refers to
a meal or a snack. [007 oTez hnd- Phase: As used

erein, "second-phase" refers to the slow decay of
[°°77Ende9”$ RipIgElness Ibpdsbiten ledtaking perpdyranieally suisable microparticles,

also fhaiftatd !ﬂ@ns@f)t‘t%crésféecélﬂ Ib?érsPﬂ@tﬁ@r Bﬁ@edﬂ%séﬁébr?(ﬂon into }he %réculatlon

hase can al so refer to the non

D'ket%ﬂﬂpqr%@;% FaR ﬁerf@%%é'got@r@'%ﬁ/ﬁtaédn@r@@é&gﬂ sirdgr pariies onto
whichl @\dﬁhgs carh %7§Jsowt%‘ahnq7ﬁ@r&:%ﬁ1%|r(aﬁ%ﬁ |0W%UH|‘L@ rl@f a%@op:gerazme can

"Technos here@ nsul 1 n" ers

'mparF ASTALE digpRiabi ort F@éﬁrpnﬁr%ql%gcareeaw&mlwat@md byiaiigus routes of
adminisuatidiec moargtwm%@ tH@sérp%?@iéé &rfBe o%hgérH@nqg%héﬂgﬁéﬁ to specific

nosphere m croparticles conprise

T
areasi%il&qe Er%pﬁgtpgﬁ)ﬁ ,Sq%;@pph,ng & Rarticle size. Additionally, the particles can
be ma'ﬂe&rﬁll(énﬂ‘fgh Yd)ﬁl‘lco?ﬁbr@ﬁ&ﬂw& an ftvahdat éU%bQﬁ:f ??HB‘seage form. Oral

erazi ne, FDKP). Specift
dolively, i 50 RETTe Y] et Clsfcp Be6aias FkepAngiapRnsion, tablets or

capsuless lﬂilkdﬂoplpﬁf@ﬂﬁéé e alsb38d] Iﬁﬂate/é‘-bséh%ﬁgn B?ér?b@soclated dru
"di ket opi perazi ne” or "DKP" includes diketopl peraz?nes

[0078hnd kasnatherdenbodithentes th@paalsegtSm%'lﬂlothﬂmlefﬂ)lClaﬁs Qfd%rlvative of 3,6-

di(4-a@ﬂ1%58&3—2f @-h%ﬁ%& atz[]r}?e whcﬁ gcaa?%ﬁgrnﬁpt %%ea tcondensatlon of the

aminop@sidt lysins. 1 xednplargr dembiatives iG2lade S @ﬂtdswcuriyea&tmrﬂib@tyl) 3,6-

sra B0 S B S Rl G2 Bl i o
dl(oxa_(ybmabmghuatl)te) argt a@mn(ﬂ@o?pmdmmqm)mlﬁmetw@émé aThe use of
[ a z
DiPs it ey RORRodd I 18t D hon Tl SHARNBT] & BBt Nos. 5, 352,461,
5,503 §ﬁ|235ﬁ,ﬁ)7t1u497oana|63336gi_51 8F<H30:@1Io§whch0§)l?ﬁbrporated herein by reference for
o naEh KBk LA 8o ) B RSk g v vy
The useyof DiKPasaltst Isedesplmetd laccroewldoﬁg U.s. a?&test Applicatier No. 11/210,710
{. L. Ll
filed AW%@EQ%%?E\% (% éé?\g?rl?g IIS?CO#'% t 'grq%ﬁfeﬁer?,%qetfpeﬁl}sg tegehes regarding
diketopipgreripe rsalts aPul,mqrgar;z)rdrtpgadeil\xeheﬂsmgtWWmmrbpartldresgs Cidtlosed in

u.s. ng%nf"lqéoé 9%1771T%109109JP1 Ha%g qc%{%?tgg g’é{ r%fle[@cgljrhﬁ ?nt{@ty

I ket opi'perazi'ne can

[0079]The%@ﬁbéﬁk@#@’ﬂ)lé@ébob%@olmee' ﬁér@hedp&hg&%&ﬂe?ﬁplﬁ%ﬁo@srefers to

dginistration. As dry powders tircle
Tec“”%%’hﬁ@ iRpECRs Wich ﬁ'lﬁ?aﬂoéﬁlsséﬂ?'&tt@ wﬁfws\uilrc areas of the

[0080]2\33 | I%tn% yvg %thmpagﬁégpagggg% a:rﬁttrévglnguss Ilrzmseuhn dosages are
expressed in IU which is defined by a standardized biologic measurement. Amounts of
insulin  formulated with fumaryl diketopiperazine are also reported in IU as are
measurements of insulin in the blood. Technosphere®Insulin dosages are expressed in
arbitrary units (U) which are numerically equivalent to the amount of insulin formulated in the
dosage.

12



be made smal |l enough for incorporation into an

i ntravenous suspension dosage form Oral delivery is
Wa@b®e/1p05851 bl e Wi th the particles incorporat edPCTIUS2086/012366

suspension, tablets or capsul es. D ketopiperazines nmay

al so facilitaDeTAbsw DESCRPTHIN 65TAS RVENRIGRd drug.

[0078] In another enbodi ment of the present invention,

[0081] he BKBorhmod pi@lbléh‘]a@vltl’(%é%ﬁm 3Indrapy for the E\%atnﬁnt of dbabetes is that

am nohuty 5- di ket opi perazi ne,
insulirg cé%@ﬂ C('%’Hel?%ﬂortreloﬁﬁ%}ﬁi?ét lappsst ladde aredhos aclewated glucose

ehmmbﬁ@i r‘r@tesEi'&”EJ(t@ﬁd’edeﬁthéH \ﬂ?a?t bé‘r?';%#&st after the meal, leading to
6- di (succ:| nyl - 4- am nobut yl) -

postp@ngﬁwhéwgmeg]ﬁ nobif {fcyease”in blood Ievels of insulin, after subcutaneous

admm%tr@tlgh (|§|si§nﬁfc¥ht2/'slé\%rniﬁtﬂ4éb’étﬂ:s than_the physiologic response to prandial
6-di (mal on am nobut 3, 6-

gluco§53I E%%I'WI”Q'ZU%WWM'BH@I?J )Therg@fp insulin compositions and methods which
result 3n @r ﬁﬁb(éC Halgﬁ Ybe 4 §§HJHPP!§E|IW Dev&s%/ﬂlclﬁ%é’r@d@@ Z'afé%ul{ Tlh%n more

for drug delivery is known in e
Phys'#?ﬂ'c &eansIte aghisve ppexdfe! ibsose slimiatias tates, sUds 882, the effect of

compr@sgﬁé- 19Uk éﬂﬂe @fféstlof Wadmﬁ%&l?e@fnsw fiﬂhé %erlprandlal time interval

orated herein by reference tor a

therererggH 89 Ry ARl A Pestisansil Jeraglyeersiaggngl resulting in a more normal

hysidlbdi€ineDireEsariseao PRHaRY §Riceddlg del ivery). The use of
P DKdg’@salts |gcmdescr| bed |§n co-pendi ng U. S. Patent

[0082]Appl lthasibean fenerally a’ékOméiH@hétlth@daté\ugglaéos%?ahrrﬁr%@n at any point in

i 49 60615 AU EREEAMALTRYATIELSACR b3 Sl b gucons

eliminalfangratiedéhieved buanlyg:aﬂidalamnrmuwrpaorﬁaentrsﬁon 8 uﬁflt.féﬁl:étﬁ@}dphcﬂ insulin

Lo L TR p————

such fﬁe’cffmoaphepadlc(llla) ﬁr%luane:bncen@@tlmekthefgiﬂc&jsﬁ ellmlnatlon rate is greater

h
e RS ok SO Gt e ARG b
The pfe3e80] nvlahilotss hafe newssmpna@ljmdwcameu%antﬂns ﬁbtl’eﬁﬁﬁmuérlves the

gs ar.e expre sed in. lU which is defi
glucosgné%ls%hoq(gér dioz ed B0l B‘&ﬁ ﬁ TSI ENe I T SPARFENO2 ﬁﬂrge and rapid
peak mnlseuulmnccbrmemnatumetﬂmam witerf peal ysuthh kehegitpeEoaas RRpRaghed more
d kso reported in IU as are neasurenents of |nsuI|n in
gra u{ft e bl ood. Technosphere (r)/Insulin dosages are

[0033]exprw$,§ﬁd th ﬁi’theﬁr %é’ullHn'éo?n;folsj)tl O?o Ie g{&égﬁ{ ' ﬂ?&#nt%n an

equi val ent to the anount of |nsu

insulin DYNEZNG LR PEETR F@ﬁmomere%nswwmb O pooSigterad at or
shortlycéi‘fgmﬂe BegRhAE df"at H)ebp%\‘l'lddr‘gl&(!&'éqg\}’el§ %ftett g %%Qaérg“?ﬂére tightly
di abetes 1S nsul 1 n” doses suffli ci ent

Contm'&sinfbﬁallf RAtISAE; 9&1eﬁmt@@é@rérql dhaisdipeangueith slilmutanedus insulin or oral
medicdtionsose elinm nation rates for extended intervals that
can persist after the neal, |eading to postprandi al

[0084]hy pogitly c ypical ma-adnmg e@s:@unanedmwgc} %Mﬁhrﬁstf@fed' n%uim Npaximal
insulin gzpltggéprsa lar?sgéaéﬁg %‘rgaﬁda Iaf) a%h %Eﬁs%gq?@sr;g%%éatttals plateau
for sevpraiihdwal(F lgl.uth)S q h&@ﬁﬁbob@ enﬂrnﬁ’ﬁd)n E Wéé&?écﬁas fﬂé%ﬂl@fo@é hfusion

result in
rate [CH5 HolBy GREIES 1 e A dest s pi@asl asa i igwet peaking only
as InSLdlecriolnneqtra‘tleS UbltenB ﬂo @605@(@9@5)@' Rl RBtrestRAA N &ministration that
eve, A ﬁ cose. elimnation rates. This has
mlmlcs x| é)hé/pf)lggtca%gr% -phase insulin release, insulin concentration peaks at a much
higher level and begins to fall by about 15 minutes (Figure 1). The GIR, however, continues
to rise after the peak in insulin concentration but reaches its maximum in less than an hour

and then falls in concert with insulin concentration (Figure 4). By three hours, the bulk of
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conpressing the bulk of the effect of the adm ni stered
insulin to the periprandial time interval thereby

w0 eaad3sgl t he risks of post-prandi al hypogl ycer@EHUS2906/012366
resulting in a nore normal physiologic insulin

glucoseefminaton @ Pbé aacbrq&hsgw@wms inUS 2bs ldcchifsd, BBEhe subcutaneous
t..the rate of glucose el'i m nation

'”SU“%FE‘%%%%. '%ﬁssstHﬁ”?F ¢fdts eifegh{Elgusnd )of i nsulin
[0085?‘8”C MR ogpﬂnteﬁ%abf Ql‘?é; gatoéerﬁlghn%\;gsctﬁy aﬁyrale s];i?(gtin insulin

ucose tion
Concqma“rath)rcLﬂlrannaumuherapscm&ibwﬂm@gyl thiat insimiaaf fntsthlm kiyietics can offer

severQlr b&\/anltéb;egl 'g%ﬂ:tcﬁgp&gﬂg?ﬂbpg\mr&%%lrj%g%hgrc %Lﬂ mfsfg\rr)%t gwtﬂln a few
mlnutg@@h cohatencingr a amre_},al pmhkecmbmr slow&udabsmmmmemtrsawm@n are usually

aken'e o936 Bt AT e LRI Gl SR 0 i e o
achieyenmaxipras dresailim gomqemafailm‘t en \tad tacﬁ'iaesmmﬁiﬁmrthaﬂ diveosetslipnination rate
is a fL'ﬂ%YISn 'APWsol B c%h{}gﬂu%fh%%f &ve;sgn%&t yﬁ%gtqhwqilgp é'a\‘te continues to

entiation drives
'ncre%axihmmhmmemta@mulmMSphm rconesnication, doses laxggeeraogh to keep

oo B R b ST TR AT IRl o oo
eliminpimazte piern aftaethemhedl adl leas th hypogtyepot. Duerto dfie ptentiating effect

of an ﬁ]rs@rﬁ'gﬁ%ﬁ {?rg %L%rh sdp(ﬂégéR B rs)% keirmp l rﬁgcr)nﬁepna'ﬁl@ it can be more

read"h@@ﬁrﬁllnébér\@@ ameal. T@hmdk)acqﬂlsﬂaon oh matm@l gnucn@ elimlaatlon rate is
I Y

v o8 0 SRS e DBl BB el o

secongifp%.ase dlesandre ingutim QQUWUI&HDEO’BSUCGSSMEI mskoof idating hypoglycemia

hours ZREH ﬁ:@%é’eﬂsFurEt%g?é‘]/a&\r{ng S tré{agi'z gmi? étlcgrg&]'on ain some ability to

subcut aneous ere
produgeh dnfulin 8 othet theiraendegenoas deeort:hhaseednd rbaabbiﬁsu[BrO Wild also be

po’centfa'ifed'n lﬂlzr%‘é&lrjgntﬂ%ré?@w&n%% s Lt fal ’r%ﬁ&ﬁir@s ﬁﬁ q‘f’ngi;/ Eerd%cmg pancreatic

hour's ) ucose e
stress( nMQ’Eb@d%@ daeduding panaresiic $trefsaswitin theadedetblidly-athoimsterd insulin

compd‘sﬁf&hb W?@% b%s'éhﬁi?\véﬁfoﬂUé}god'iléclés%dsin pco?ptoeﬁggﬁwg ?’69]VIS|onal Patent

as 1 nsul
Appllcgw IN@, Q%?(Hezﬁﬁyer(uﬁe@ lM@hd()ls ofl fresemingdis¢ Fundtibh o&msulin- Producmg

Cells ﬁdlmapbf%tsr’ aphigy id fh% ﬁﬁé& b aﬁfePé?%r%eok o’% 12)5@ lg? ta&ﬁﬁ% Lfgarding

I nsulin rel ease, gncent rat |
methogs gl9ér recuging an@dﬁ@@lcnss'ft&ssf i B@mm]tsb&rtngl5d|h@t0pi’be&zme/msulm

compo(sﬁ"oﬁé” eI'hje) adrmhinfstr g(ﬁl OPQ ﬁ;r?srﬁ ih %t% %L;og)ﬁereslggg t|ri‘sfu iR secretion

in 1 nsufin conc tra ion b
from t%i@?ﬁﬂﬁ@$ nlheeguicken aptusm th baselian dachiesed fdthl = rapidly eaking insulin

allows %F Qaﬁh@ls Hé%sg?ﬁleﬁ‘ ©F 'Haf.afebf?@ ségrjeﬁ"ckﬁ) SBé - e?%%ﬁmni%é Oo? B&Qrﬁeostatlc

ucose el rmnatron e acc
controlt cpf, bg,oqdr@uq:qsp; leeds, fadher rediicingdhe tinle of pdmt-treatmesnt siypoglycemia and

excursicfr‘w%%f' @o&é?%luﬁé Lﬁelglél %?rﬁllérhéacf\‘/aﬁ‘tagg% fh %B?t'eﬁrﬁala?éé €St combined

Fi gure taking a
treatmgat With irapid-ngaking epd siomg aa’flngapxagespuzkmsuhn farsdibbetics who do not

Qi nsulin therapy nethodol ogy that
prOdUdréﬁ n cs h?{%{éggﬁfw@g‘g'”ku netics can offer several

[0086]adV axY agtRSherSHCRINIBIGHY Pﬁysf QG hddattPRS o8t SHRRE I UIN release (or
adm ni.stered wthin a

pharmacokmetlcs) does not necessarily indicate exact replication of all features of the

physiologic response. It can refer to methodologies producing a spike or peak of insulin

concentration in the blood that constitutes both a relatively quick rise (less than about 15

minutes from administration or first departure from baseline) and fall (descent through half
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m nutes of commencing a neal, unlike nore slowy

absorbed i nsulins which are usually taken at defi ned
w@ensaessbef ore a nmeal. The interval is general PgT/D8X6012366

on the tinme needed to achieve maxi mal insulin

maxineal yesd hrautes) pefetdbty ba@hihui@s SmBrs pl%'ﬂerlélsl?t%%%%%eafter peak) in

on rate. is function of 1nsulin
Conceékfﬁﬂq If@'ﬁ'%ﬁ‘ c (@r me@?ﬂ% ErlugiRgsemers aadeli ise (frameover 20
minuteo kd sEwRSl Hicmr$)nt©rtﬁé&ﬁa)ﬁrhéloﬂgth&orto@ﬁtrﬁloﬂt &Mevel and a prolonged
i nsulin concegtratlon gos?s | ar ge enough to kee
ed

p'a"eaéﬂ B MDA CenCsRiraianSedit 15§ 1Y FRlemigl m?ﬁﬁg@loglggen avhich the

spike irl iakulinhsdihcériteatibr $dh b@mélldblygtfboﬁilh&@é Wltﬁ |thé%taﬂto‘f Qrﬂnéaﬁ‘t ﬁ gan also
he meal will lead to Eglloécema

refer ltch én%B?iomql%ﬁ Iaﬁalegtpg cdaxigel giHcose Lﬁll,n]h\n pEate tWikHD about 30-90

mmutem Lmefé@b@/ &raphdl 4@66%lhﬂte§ eéfwﬂa'dﬁﬁr%ﬂ’diloﬁ 0 Wﬁ]BMo@BI'oﬁ? that mimics
or di nat ed th a neal

frstplitsecie Rt i SV EroMl S0 SR RRFar P Beshcad B fiasicshPPR temselves

W|thout$pmalal m%dictalettﬁalhlﬁg nﬁﬁihtésmi‘alﬂﬂ@nﬁ"nﬁF&fv@F\de%nlnje%ﬁor?V%BeHQI medical
an hour af nci ng, a nmeal. The second-pha

waining i P ey G TE Se R Gh Op Ges 84oh Aedp] RAISY halers, that

are routhellg used by p@@oﬁ@@ﬁﬁo&ar@% neridaf broidRiomBR! - AdUESdRérein, “meal,
in di abetics who retain some

oo 4R 055 21 A Wb nedomi v, e

also irskaierthe plyastbnadidnh 3eatbnaritaUbgdrditiss bf S-S andI8r timing.
otentiated, increasing the effectiveness of that

[0037f i mi Beperiansalpech ghusdse eduirdIngarp e cagaediates tasessiuced exposure to

h t th. t
(eleva z @ﬂgﬂéﬁf Joﬁ 'Hﬂg?éé ra@gf a@hfreguéegsn_g%yglst oénglgéﬁc {glycosylated
hemogﬂ@@@)eﬂﬁSSenWanpieohala(rlek)dmrsmbldem ohhypoglyearian geddicSd variability of
respoﬁ:’s,reof()l ﬁés 5 P t, PP He fRD! 'tcﬂzédﬁgl etlgog%rgg/lgt()llﬁ' LR ec%%ref ke (\leth the

Preserving
overall rbgqu| glupess goning Qedrl thei paghi tived emoh‘thm/nl Gbners:lly one compares

outcorh@C o f?ér@hﬁgr Eé(ddfrgg ?tr S IQ\?erlg ope tg II’%S.HJ uéggﬁg.ys) for various

reg ar I ng uci ng. pan r
time Iré@mﬁalm ﬁlquﬁgexaﬂklﬁewdnskaﬁ|hmmglymeuila nltmmtq:bpsleper@sann how well

glucosybeﬁn%jemoﬂ'rétterrﬁét:cﬁ& @chs)éqg&ﬁ] 8?5? t| ihlﬁ ér}]tqn% é{véll gefrﬁaéally depend

suppresses 1 ns ecretron
on thegghiapredf thetlrummnta@nmatuone:uaehnaéwdham simpdy napheilayea under the

curve. PeHel F%Id ‘Pi§é‘|dna ﬁh'd%"Yﬁs%ch?r?cr bfr [onsﬁ{asslteo{ ngsu%oglc first-phase

ancretlc secretion an re-es
resporﬁ@n%wgld attiteel te oratehing giticeseosihingtionaste tb ereidis) gliuosdiend.

reduci ng, the risk of post-treatnment hypoglycem a and
[0088]y c yths giﬁ§'r%f'e HirefoRhage uigpatics| eelbe. objajfedathraiha e gedmonary

adminiatr&tiohost @ﬁmyab@ﬁdérrlﬁgﬂllﬁlof&’ﬂn[]%ﬂoﬁ rRRLIBRY if¥ulif complexed to 3,6-
| ong acting exogenous i nsul |nn}
d'(f“mwg%@frlo rtoiuwﬁ}%z o H?B%P'Rﬁr%?dmﬁ:e rgiRgiterc dHmangy sikstasiperazine or
FDKP). Madlus8 .of Hikefplpefsrintsedr Bﬁ!’gedcﬂve@@kﬁ&hﬁ‘?] 1ABYSH R85 Cexample
al t r. first-phase insulin rel ease
U.S. ﬁ%ﬂtngeﬁk%r?’é? 463) etidled 1l hssersbling Wa’tmeml@e dXaigt Delivery
Systenﬁ eBJSOB%BQOéhtmEd aMbthﬁDQafdﬁrlﬂﬁklﬁ% $$lﬁA§§laYn°ﬂhﬁJT; O@I'kétoh)lgerazme Drug

It_can refer to nethodol ogi es produci

Dehverg iyé o fedk! 497 i fRtilledn Migioparicleat ifen Lungt HeeliypeyodComprising
leeto;‘blb@’ezlﬁéﬂsdnut 6(’3@3 et Bntﬁleﬂeb@FHo\ﬁeél}‘osﬂM'téEf( Uulke?@g F)érﬁﬁlﬁe Delivery

m nutes from adm nistration or

Systery, eea&P B Plonis e e BgreihY feferencel s qd thatitheyoiegehe regarding
dlketomﬁréﬂm@ aﬁdi diRétaRib e AIE- ﬁ}%dlaﬁﬁoeﬁﬁ.?acfjgweép ButHbRRy dFRY Belivery

dpkef‘ x35 m nutes after pea
using dike oplperaZI e and other microparticles is disclosed in US Patent 6,428,771 entitled

“Method for Drug Delivery to the Pulmonary System,” which is hereby incorporated by
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concentration. This is in contrast to nethods
producing a nore gradual rise (fromover 20 minutes to
wa@ewenadsohours) to the maxi mal insulin concentPEL/U8006/012366
achi eved and a prol onged pl ateau at near naxi mal
referenoa dardlirthit ivieachdst regandirg) hivérgics U|kb£bp[@r§@§glb%de&mpfbsmons to

e oo RE, mbPatt S b SIS i i S, and use
are discleed &f BIS.tRatertt o<l d,001,226 and iBOERIEBSBoth ERlitld Ye%H8ation and

s B b, B RS SRl i e
herelmbyrmﬂam:mé éanyallt that they téah régérﬁhgﬁbﬁﬁ@oh&irﬂaécﬁmh§tratlon of FDKP-

at b t d by diabetics
compiBT Briks 215 ie riot S8 EeardeHER i SoMPISkeR oh Gkelaparprazines
and lrwlm e disclgsedini ¢o-penditOUsS. IMb@sibh& PatSMepitatiNE 30/717,524

entite HBPol Bl FRyay08 clkses Incieasiog The Airdy of Adive Agents fo
Crystaliing iMigbyartisie dSinjagee)” swhish W@Qn@a’rpor@f&d ﬁﬁl@irp%k/ referer:ﬁe for all it

b S4B S B EL N B el By
advarttageess devicey éur, ddliheryeofahs powdel BetedisblBsddBESIS. Fhtét Application

No. 1fR%s 383 HIBRC R MiEBRLS CaTadE afe By Fivaek ihsler Snd in U.S. Patent
No. 6988 Bdi ant&kédathmﬂmeprpmlsuréadhooK Gﬂhﬁ:%aﬁsfﬁh%r%)#éf&ﬁ%erem by
0 c

refereﬁ&?? E%@yﬁ%‘i heaﬁﬁéwsggg%pulm% Ia/%\ég{)fémqhmcomppglmns.
[0089PF | ﬂ@hﬂﬁﬁ%oﬁfofhVeQ:ﬂgJ)éb%%EF‘@?Rthﬁi gq%\{g{cos algltsét um insulin

sponse to treat nent
'evelsrﬁéﬁggff%mqm |r@m@wh@roﬁﬂb@taareeqmstymcmeustmd aisluln’n)l(Blgdre 9A), more

closelﬁbHﬁr‘B%ﬁqa%ﬁ@Eﬂeolhsﬁ\ﬁ%sﬁaﬁeg@ﬁear enﬁ%%la@f@gécme% g?rﬁal iNdividuals.

one conpares out cones IocC ures
Additigraty, mstwéeécmlowpfo@umetafenmmu|aﬁte( A atd:rem)strbbon |n the post-

meal ﬁ!éHddCtH% droHRr b%ﬁtr t‘ﬁ@h %wth @%8&1%1&&% S find F%u iéés n controlled

ycem a ul t1 mat pends on ow wel
C“mcaé?/riaiﬁ fg folah expasarerat @a@@txgmtuo drsellin isaltle vaee wmetber fhkipatient has

been adhinldfdredVT! br 8BNREREVSF tHE BS&%gﬂ e&gﬁrﬁﬁ)ﬂyﬁ%n? I’I ng‘i blgod glucose

insulin concentfation curve ra an- si
levels gre gignifierntlytiess @bpvichalffivdthr Eghan MtbéCamSulﬁra(ngm'é 10). Therefore

the delNEH! b irfBRE GNTd §hdrPRr B %;?&roﬂl"r} P%y?de in gll "Rgponse of healthy

first-phase response i1s we
individyplg aHews epiients sith sliahetesetor achjavarmieater ghnimbseer theid blood glucose

levels bOM%Phe HRSI-HESI JemBle first-phase kinetics can be

obt ai ned through the pul monary adm nistration of a dry
[0090]p0V\dIarpat|BSﬂslwlﬂ1 fr@timhe’ly s6Vere AvationNer HBRYE {dmarker of control of

blood @?ﬁ %@\gﬂls &’V?fn?n%’fﬁﬁ {/“‘3”“2 ’[lg'ledpRIéQijl’[rSQWt fdth Tl resulted in a
reductiohesf &b t ekl sf mmaréd t ERHRPIrOREAT dNEI s ﬁ&ﬁ:r’é 17)T5§monstrat|ng

' ' del Kk
superi#rﬁ%nﬁ{)ltoqk{oggoﬁ%% ileayﬁ.[% cyef[ﬁrge%\pfggl'é,trga’;{;\@gﬁrt 5, 352n2\82
ooat12nt | e CuhRaR 008 B BRESA Pt e, sgnces -
Sfaflstl%lnylgxsm‘ibl dasg-dopkedeirpéuciiph rie Hiiug 1Bedls \wedya Qusé @@bendent

effect &ﬁps}f%efé‘%'”gg% (%)lcg% Jcroparticles for Lung Delivery

opl perazi ne; and 6,331, 318 entitled
[0092]Car bre- sHRG bf trHicCslReBERPMRAE 3EhAS iRl EEYonses to glucose and

substantially reduced post-meal glucose excursions may have additional benefits to the
general health of diabetics. Excessive post-meal glucose excursions are linked to
atherosclerosis and diabetic vascular disease, a complication of diabetes that affects the

16



System each of which is incorporated herein by
reference for all that they teache regarding
waldoetiegsiper azi nes and di ket opi per azi ne- nedi at BCI/ti§2096/012366
delivery). Pul nonary drug delivery using
yeye, diirke3y ftidppériphicred attshoii®l @er/Bus s9BRAls! CirR&reicte Cﬁdﬁ%l%ﬁ%n of Tl

S Pat ent, 6,428,771 entitled "Method for
accortly G EGUNRE BL[1orArgPeyRiEGHon RIPNGSP SUpolir despirol of blood
glucosenleosip dsariirectometiel RaaaGEMEMof Alabelid3mptbmb %@%&er overall health

re din el ivery of diketopiperazine-based
Oftheéjb%ﬁé% [?%}?rs to the pul nonary system Conpl exes of
nsu ir formation roperti.es, and use ,
[0093!:1 g'opnéal ose dPKgf d%%ee P%ril_\érﬁ?rsr\bguc%p gprﬁ)%eénsanand peptides, in
dlketo@'D@&Z}@B&adedﬁumdttotrbmdvé Popurfties @t icontamthnts such as metal ions or

other Em' rjnbfe@ulbgnTﬁ% d\?@%&ﬂﬁgz&fﬁ% g (ég?eéa{{/]ee(@%ﬂblt%ls%%ﬂi;gaand enhance
dellve%béﬁ@mwnfp@(eal hatelials. ﬂ:be'ylultammshalsengvél beerf aen@bpen facilitate

transp%ﬂd of"SéPtuO# Setmrﬁaeﬂ{ o%f E Ecgﬂﬁp rsansge%ese Afgrmulahonsl include

{GPe”6
mleO@Hrk@@%tmmedai |(l)ébe antive agemu whiah enalj beldha@édl &r neutral, and (i) a

vorey QST o NSy 530 B0 5L B v

with thgh meﬂ‘rdqreraesﬂri@ fDrTeulAﬁdinmcarypmindécﬂap}deméx@eaéeslrf the concentration of

f h
active o it BEoMAbORE i Bratb R BRTRm R, ' caches
[0094Y egaﬂ'éd:rﬁﬂsﬁfﬂfr\éﬁ AGEMI 8 PUiKeRIeRAR-Psed driJ?/ delivery system which

%@éet 0] ra2| nes and insulin. Particul
can ¢ @Z%llé‘%ﬂ“é‘é% it gpaleartiges. yDisptopipergrovase particwarly fumaryl

diket s@bm& ADKP) t
ike oﬁup g DUnl téeﬁ.bagg@hcglratl?tlﬁgggﬂogﬁhfc%@ Wiy a Wﬂp@ ﬁﬁﬂ?ﬁér qof about 2

m'crorb?n d'” the Brasespicanenkigr o Cgmlexmthemntlﬂﬁ%osum rsansulinopresent in
the saﬁmmra@m}@ or 8Aehsaf-addinHly. | SOhd Cgﬁéﬁ)rtﬂéé? rqé]@r[g) %ch@o‘ become a

erence for all that the¥ teach regar
Q

suntablgeqomp&s&yom‘orl REDPTaHY Selisas ihgrsgste[rm@glg]ulatlon When admlnlstered
by the&dﬂmmﬁy r&bte OTePhodHEOSAIQES d fsé%lb%: i QMtrarl | esnwronment of

a at i | eads to serum i nsu

the deﬁB g ap d fAqitatadbe sapid @ﬂdrﬁéf&@t;aba@m@n Qf @”r@ede@’ftd@uhiorﬁystemlc
C|rcula(|Erh gUhe FQ)‘PQF? moRIcRIe8! 78 ehtreddPlR ¥ B LsH ﬁwhtﬁe'd?ﬁglmmm hours of

ts)onse to neal -associ ated glucose in norm
adm|n1§ @1 dual s. Addl t| onal |y, post-neal excursi ons of

| uc ter TI admn stration in the
[0095]80ut:$é0310% g]s 0 dg<e énf{%?nee%(?%h & s l%-rt]'tehcc\a_;@oositions of the
preserdéhveniict as daelclomiuh |cn pehding kS 1Batent Applieationald.ed /210,710 entitied

e s A e EREAL b SR oSt

referermenhereit &reall Tl teacheSCredacdisy eliketdiogradiie 8RS and their use to in

nor mal bl ood gl ucose levels are
p“'mﬁ@ a(?}ft'MU? ss (about half) with Tl than with SC
0096] nsuhém (F ege VeI
v i ) el IR Tl Sl B34 Bt

trad"mﬁg'éw hasybeadprordens] t@.y RfocesRing aig @t sowwamrdaalxetse!ate the natural
produc@cﬂbﬁ’éﬁ%cgﬁtﬁﬁﬁ&bﬁféﬁ’ %E&%bﬂ¥ﬁtr tebiHold, gytf'{agg)gﬁi u?&? oK ) produce human

| evel s durin perio
insulin yq yifso. nﬂgw@ita@ﬁye%m;mapt @p@aatmayhs inofiquelons eolgaomarllkemexamerlc

conforbtidrOMdt &, sRImAbanss gf r‘é‘é&%&ﬁh%\’lﬁélﬁm%\? rnaﬁcotvgreﬂﬁy TR fted in a

time period), treafnent
hexamerigieritiplex When Fisaplved i uater indhe aresenceotant icok- Hegamerc insulin

is not KA 1BYGHEd.( Ah9stasr of) reBSABRASAT Airh& insulin to be absorbed into a
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superior control of blood glucose |evels over tine
wth Tl treatnment. [0091] Furthernore, addition of TI

W osegiFbar basal insulin adm nistration produP€BUS2006/012366
statistically significant, dose-dependent reduction in

patlerit‘leblecdlawﬂJ Sh@nlﬁb@nﬁﬂﬁgfgdgmp?ﬁhﬁenﬁgstﬂd{s%%%?&é’t”ep{?)? -di®Rlc and/or
e abi

monofgtS RS Re PATd"s T TG owerfgwhﬁbvoegsms to

cor <35 BB S A RO LT v

fumaryieglketopaferajalrmoét)nnamatloﬁxcreashmga neakt bioodl ccgicuﬁmbns wnthm 3-10
mnnut%i@%ﬁﬁt%? r%&gmehm?\%glﬁ Qﬁirﬂﬁwﬂ%rgigl r%sg%@%gg rp}@twn hout fumaryl

ar dis Ot
diketoa'fpﬁaztr@ Whegib'ytekexbe’twegn abéOpeinuiehdo adachieak ®ivod concentrations,

i i [ f Tl .
wic ASEHRUS (iR ETe PIST 058 BHEA L Bl g pensere by
subcuraf@ouﬁeme@@peﬂ'htsr feabihbis dleenfsuskessfullyl replisted sw@ral times and in
severéb%?géné‘g ﬂéi’uok?r‘?gf Eﬁéar(%anagerrent of diabetic syn‘ptoFgoggij

ter 'overal h of the diabetic patient

[0098p°”p|?6ﬁr@(/1n9nzgnf:klfr‘éﬁg%ﬁﬂ’ihy cally S Eu@e% mngta%'lenﬁnﬁnlq with an

n et opi per azi'nes ca used
”ndeSFﬁ”SYJ shert shelp fifec Frifpatioarto seraenzing, siebibzatipnasd enhandeer delivery

of lns@ﬂ‘ﬁhés %é@@@h%ﬁstri@@ ﬁln@e&&&bﬂ%éﬁn erﬁc?dp%ﬂl rvg R kions of
SRS g

to stabilize and enhancé delivery

insulin, gerapiexed W'fﬂﬂofq'ﬁ!ﬁfﬂtﬁi'bﬁt@ma?@?élrﬁa\o/@rebééwdd@vbe cq@@de and have an

accepfa@ﬁal bhéh‘aﬁf@ Meaﬁﬁaﬁﬁfeht of tHcihy @ev%%eﬂ‘érﬁoﬁ&fa@éosfhat when a washing
i cal nbranes. These fornul ations i|nc

step "Yﬁ WGE‘H?‘{‘ .t'aer &inct adBeervfargely remeved Kudieg Aagesomplebiiign process,
yleldln?HNoﬂlﬁnéH&aﬁsﬁmﬁ irP8 s8I deblerydiithidtioh, @ transport

acilitator that nmasks the charge of the agent and/or
[0099] hat THerinsulihy corogesitidne neks the bhegehe nmv@ﬁtacbrarvén Eaeadmnmstered to

. i . id n
pationtsiih THLE bt BNDiR BBl ¥ SorhBitons el obsa e bieiaresign the form
of mlcmbarmlsst, ralticlorcaaf b he @lrynpbwae@mrm f&?084nonary administration or

s R o el R AR T
iops e i AT s PRI s o

parti cul arl t Opi perazi ne
immedigiely bafpse ﬁﬁﬂn@li’rtmlgn ] f@rmt@mﬂaﬁ(EI@sthem t4n be admmlsjemMrectly asa

dry po@/fjeralg%ﬁ a$ bg‘lrﬁ'fapéﬁlﬁg usThgt RF REQAGR m 60\/\?(1%? irftald ?R WQ inthe art.

conpl ex wt such as prese
Alternaiyely tf@rm@mﬂaﬁg: asr canf b&eﬁuisv@hdedams@ nbﬂflylen()mi@mel rof @armaceutical

carrier] W&S%xé'ﬂ'lﬁlléo%%r b Céq%%o@§cs%ﬂﬁloﬁ %P'éo%hlgtrgtﬁnﬁ)ggl 5 \ﬁ%résol The

pul nonary l'ivery t he system c circu
mlcropaameﬁuaé&%obeoﬁﬂmln@tq@@d ¥ie eslysubsutasote eha w.rpnemws]gmmtes
articl es soJve.in the pH neutral environment o
[0101]|to %%dnhaﬂﬂ@ ¢ alfgulina GPmpegitiens 1rany bpi adrainisteses i 1 @y targeted

bIOIOglai)WrﬁﬂSl‘aﬁ@, réfetdity Bemidodsl révnBrah¥ o @"Baﬁeﬁﬂ irPHﬁ@él'nBBdlment the
ecul s are, excreted un-netabolized in

patlentd§ ahEurerg i5H ermgu QM &n guinieiated disgyser ReLk): dlabetes mellltus In

anotheAddbotiibmet |t1vie il dbte ﬂisumhls@hﬁ@élﬁlﬁlr@eﬁl'v&%ﬁnﬁﬂlﬂ iRDidISREhIly active
form to {F1e pa%en | ;grlo% gs% sptlke of serum insulin concentration which simulates

the normal response to eatmg.

[0102] In another embodiment, the inhalable insulin composition is administered to a
patient in combination with long-acting basal insulin. The dose and administration of the
long-acting basal insulin is established by the patient's physician according to standard
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present invention as disclosed in co-pending U S.
Pat ent Application No. 11/210,710 entitled

wOo Diol(mﬂspi perazine Salts for Drug Delivery andP@®Us10e6012366
Met hods” which is incorporated by reference herein for

medical pratticet eRehinisalatslg arsdiim Qordp&fé?ﬁd?ﬂs aamét&%dfpélntp?aﬁd?&hé/ according
I nNsul 1 n

the tepetfi 4f e biispl BiTEGR. erensio A 66 aDiiiafian baieiTgtiars of the
basal dfisufin 0 ODhetefoted sy, ther Bithéde@nat this @l@&o@.ﬁ@n‘lrpﬁ&ﬂl%gﬁ’c%rpyrefers to a

ces n and c ancreas to isolate the natura
patier] s eref b A el S RSy Eompsticbnel tharsresent mienion and a
long-zlctied badad (RsuliraRo R8N, tHe &b foPmB LPIYGIR At ERMidiStEHd iRddg2ndently.
vitro. Natural and reconbi nant human insulin in

[0103hque duons cnobadimenntsofi the a)rémnanm/enttorn @bl@drﬁﬁcé@ﬁbal th@position is

Qs six. ol es of i nsul e. .
i TR AR, 8 ol SR B Bt v
admingfitered liv bximitywat teme it trtmmgmrmyni:e nedfal,Zihtgcels e wer coefficient of

. X bNSUl .absor bed. er
vanahFﬁ %éo%gl/nnaér{i)tnh udr?%n[}ﬁé]rgﬁl |Bt1 Bee)é%’%%e@% %{Jgo x X<3, than
Subcuwéouﬁhatﬂmlmter@dl instlion whetein tma dnslih exposure MINS-AUCE $t3<y<6] is
subst%itl @; rate into dineric and/ or nonomeric forns
e material can nove into the bl oodstream

[0104 0097& aﬁ'&hereérﬂﬂ@éhﬁren’r bf W@%rgée?]?%\(/@r]ﬁ% gt?r{arhgééﬂtfcgl EMbosition

elivered to fumar erazi
is Pro‘f'%@%ﬁ?’ﬁ?"'w 'ﬂsé%rbm ﬁdorﬁéawta@leof@d p@tmf@m admlrtm@tmm wmiiah, when

admm%’cel:@d A proh@fity ihRindO fhRSBegitMheAoRs hieal, 154 deB @ lower Foefﬁaent of

dm ni stered by the pul rmnary route W't hout
Va”a“ﬂn i@t s ﬁé/‘aﬂoﬁ%dqrvsu igrvg inalghisone t elvunatips- &@nmsnmw%usly

admnnk%ré&%llﬁe%e@lﬂ%cﬁgé‘C&H’Hr{a?ibhOiQSm é@UrécE e{%eglag%r ﬁ’]foSIOFI rate

lin_takes 30 mnutestoreac pea
(GIR-)HEm atirti NUES: dvhetie'd JolalipeulinaaeesiyeiljeAtlon 3<YKPKs fsebstantially

similathas been successfully replicated several times and in
several species, including humans. [0098] Renovi ng

[0105]zi ncirf ryem amsthr enibodinset! vf the dpeesntunsleabibe 'an%Hlainﬁ‘aceutlcal
short shel i fe. Puri f| cation

B R AR, o e o S bt
which, iwtenl admha&rdntmrprdmmuysm timead thiébétgmﬁihé(& Q%Mr@gams Ha mean

atucosf) SR, 5 plesRr o e RRBSFS, AR 15008 oo osRor insui

prowdlhg\selbsmnwlgethﬂﬂrl lezwlm;:éipobuﬁeewhéf@mmeerﬁ&éﬁ gRicotd@x&irsien is at
ed, t nat

least Lt?o u ed tH étsciﬁaﬁé( RhdeBde ‘P”g g@ S'Flﬁ?r%{?%{‘iefgﬁrthﬁgwwta”eous

admlnlemtmnexatl on process, yielding nononeric insulinin a
stabl e delivery formulation. [0099] The insulin
[0106] ¢ o kst iegtbedimnent s tb@ exesent investion, on poamameutical composition is

providetd BbRAp iy FEuliQ i3 § agleni%?%ag—ﬁ dHlndgtFanetloﬁﬁ hich, when

The conpositions pre era are fere
adm'”'?@?% if Prexietiypiar ime Ite ghe JWeoiohing aef a)eneah produgeqoavmieam glucose

expoer@rtHétf R Ie@H'tﬂQﬁ‘asru‘bc@lgﬂbéusStaBﬂ n'|s‘?|%t|8ﬁ of %po%ggegf mﬁlélln providing

propriate pharnmaceuti cal er, such as sal
SUbSta'Dt@i'E@]m“ﬁﬁén&W"@ EEPREUre d\rh@sellp)ltl’@‘ meablgjuoas@ esparuesl is at Idast about

35% 188 tharoBPtld afftuf-AeBUS Bliinistration, preferably about 50% less than for the
subcutaneous administration.

[0107] In another embodiment of the present invention, a pharmaceutical composition
is provided comprising insulin in a form suitable for pulmonary administration which, when
administered in proximity in time to the beginning of a meal, exhibits a ratio of HbA1c after
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I medi ately before admi nistration. The mcroparticles
then can be adm nistered directly as a dry powder,

W@ ewh/1e5500y | nhal ati on using, for exanple, dryP@DUA®NG6/012366
i nhal ers known in the art. Alternatively, the

treatméni rto it © blefrse traatnient sthsiie rr@bsothz‘amfc& sﬁnb&utbﬁécﬁﬁtao\hﬂhlgﬁﬁlon of a
arrier. for,. exa as an aqueous

ical
dose B BIRSIBTEHS SiftaREll SFiar U PRy Beol . The
[01061'uCr R4 bFloBEinthnt f G pRseAf VL gneraega%rb%cg%@ composition is

bcut aneous, and i ntravenous rou
provideshgempising msulin in eoﬁqu‘osﬂwtablasbcaulnhxmaqdlaitjmrsst%itled wiich, when

I I er abl a nucosa
eSS0 0 AR RINEARR oo Bl "B THSELE ducon
expoguse, sAU{errain &irffrgrdLndp fnsolin exposaey G sah aﬂnUﬁdL cthaiois ks than the

ratio ﬁ)‘r‘% Hétﬁgeé in |J hbl’i ¥ -a hgs f HL% ln eqrrﬁ\g%pg ﬁuﬁaﬁtanp aﬁly similar

e |nsu I'n cormrposli t1 on el Ve
'nSU“'beszgﬁecal ly active formto the patient, which
rovi des spi ke of seruminsulin concentrat| on whi ch
[01098; 11115, ABethep Bmasimant PEdigoRTseert dnveatiom pPhameeputical composition

is pro@ided h@mpﬁﬂh@msﬁﬁmn atrBgdiy babdhbe fblrl‘ﬁ ‘ébﬁéblé:ﬂmé%aﬁ inis5ion to an

iistered to a patient in conbination
amb”|a Pg}(ﬁﬂtﬁ" igha When ?H@m'ﬁtﬁfedmér%@l@ indineatorthe beginaing oha meal,
- exhibigf atrﬂtﬁ) bD@GC@ét dipdstes aud H§M| b /o‘F_Sttéjl sh@{‘@gﬁr&ﬁret MUCs in

I Cl an accor ? to S andar
P

S
uU/mlpa%ett is é%ss t%ﬂé 1 nlﬁaﬁrh%qngoqhﬁ@u inthe rigasst inventiensthe pharmaceutical

compa@siiions stiebisifop pulmdpbaa dliigedyy according the teachi ngs
of the present invention, independently of the

- [0110hd i rhm sihr ethbadimpat aﬁﬂteep&serﬁtf ihb@\tbaaal prlharﬂﬁ]ubélﬂlcal composition is
ose t i sclosure "in
provid£g Wercth e, Bl §, & SEuth arfikSopfirgbe ug onatinie, peterably

fumarylrwmtca:m%azlmsul in conposition of the present invention

a Ion% act i ng basal insulin however, the two forms
[0111bf .rl&@np epembagiment saf dhe doresené prvedtion,| § métbdd 3F ihproving the

reprodﬁ@ﬁbllmpmsﬂﬁmhé?épﬁ Ee?r%(/faéﬁ%dﬁlgﬁp%ogﬁnls?erlng the d)harmaceutlcal

phar maceut i cal tionis
Comp‘?s’n'\t?tﬁl'” RAroxXjnity i 'F amtg@eg@nlng megis. pul monar y
dm ni stratl COE,WWhen adm ni stered in proximty

o112, i ng Gritog PE'SPNAMYRATON, ndsted of fresties an insulin-

related: disbfdec Ilsemovﬂéd \baanablhgﬂada’(lmétBﬁn 5%3 fahtdl%iﬁr% an msulln related
interval of posur

cisorag T i oo FOR P ERties i aheh Nabdfs examhesil-acminstorod

insulini nsmpositicex pasivse fifst-Dhad8IHbuin IAFtES) and AHERIRMGE adxboYenously-
n.anot her enbodi nent of the present

admm% er%cLW%IW cognpﬁ%glpm%%dggmst@@ﬁiﬁagq\{ein%sly 's provi ded

f
014971 838 St TSP 00Tl BT AR gr o
the pregent nwentipnt Héeb@gngenomjy -efmanisterall, insulthu wempasitiomedomprises a
complé%@%@fv&e% eé‘tdlla{t?ﬁ gérja%\ oéhoah J‘ngﬁ Bguﬁ’nco lalce%f ﬁ}%oﬂgm}jlment the

|nterva se e |w1na 1 on an s
diketopipararne fsciumanyl tetoniperakine.cimyal anotme eedtioaimett; 8 exsgenously-

adm,mg{%whgqmﬂ%nﬁ)logﬂ&?g]Ihﬁglg@l on rate (A R-)AUCo-c, x<3

hour s ereln to nsul i n exposure [ NS-AUCO-vy,
[0114]3<y <Blyet 8n&tHESEABbAIAIehY oSthBirhéthod of treating an insulin-related disorder

of the present inventiqn, the insulin-related disorder is diabetes mellitus, such as type 1 or
type 2 diabetes mellitus.

[0115] In one embodiment of the present invention, a method of maintaining blood

glucose levels in a patient with an insulin-related disorder in a normal range is provided
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[0105] In yet another enbodi nent of the present
i nvention, a pharmaceutical conposition is provided
w@eowpndsing insulin in a formsuitable for pul POIES2006/012366
adm ni stration which, when adm nistered in proximty
compriging ipnaviding taheaxbggnmlw@nﬂﬁls@réﬁfﬁisullrp6@%b§§ﬁorﬁwﬁﬁ%ﬁh first-phase

urS| on .t hat an subcut aneous
insulr R EO RIS 2o BNl wirhin SHo0E M TN Gis 00t 26 Hgitiation, alteratively
withinsalosit a&mnaitésyofsadeBfralmﬁathd WhEsPOHE eoybRyBlyadmhBistered insulin
cursion is S’ | east about 28%

comp%sdﬁ‘qq glmog?(?r{)m ered IWEVeRaSY- 2506 | ess than for the

b
011585y 35005 Al A EER R e o v

presentsmmrd@hdm @m@‘gn@@lyﬁgdmmﬁmrem insulim cooposition tcabipﬁsésoa complex
I n trat, C en dmnlstere
sotuell, BPAoBB2nS" s, Ml oyl A bl b, e

dlketoalpﬁ@amegsmrml dikgtosiperazinbat i s | ess than subcut aneous
dm nistration of a dose of insulin providing

01175 o i Ape T eMRedineatofithe methedest pariniaimingped glucose levels of the

presetﬁteimelﬁﬁdm(l QRE SXPOTHISE b@mﬁﬁstér@@slhsﬁmo%mﬁés/ ?i(%f?é { H@ﬁ‘ ~naturally
he_subcut aneous "adm ni stration, prefera

°°°”"§l§’°fé’T’E§E'”§W5‘n for the subcutaneous adninistration.

010 er e iment of the present invention,
ov10] 00 ok NBLROCTRSE PR Pl 5P S5 Y S orma
insulini lﬂmilcsm arpaaerﬁton mesd itHeaddfds bmwdéwd@ﬁfpaléi‘y‘\g admlnlstenngt] to a patient

havmqagmngblﬁwt fe?att%cﬁgls%,gaf ﬁwrﬁgﬁegfmsélrlpﬂggr%tpgéﬁqﬂ quhsth%t tp%dr]hgled insulin

ComeSﬁIOHb'MTchafntstapHlarseahﬂmnt kiteicklo A @nbmfeﬂéﬁ]bbﬁlﬁiﬁnﬁﬁﬁé insulin-related
t n far sub ut an nistration of a

dlsord%p% dﬂa? etensu "ﬁtﬁ‘gpr'w e&laﬁ'a S 8 ’ hesmgthogfurther comprises
administesing iadomgepdmgrmsalifddid] |1 n an errbodl ment of the

present invention, a pharmaceutical conposition is

provi ded conprising insyli formsuitable for

pul nonary adm ni strati om—gﬁav\hen adm nistered in

proximty in tinme to thehggdping of a neal, exhibits

atjo_of gI ucose e_xposure AGAUinm n*rrg/dl , to
i nigulinCancehirgtion at Diffprent Hosg kevels Indigates 4inear Absdratipn

[0119]t he vatidu Hégagég Qﬁufc?dﬁﬁeé%eﬁf?bgulﬂ fat 'I\Hﬁanqdanl%%?at%L) were

{é | n provi di ng substanti si m
adminig & dunan18gyeats andotngelin éﬁ'ﬁﬁﬁﬂlitrﬁﬁ@ﬂ imfthe Héoqst @genmeasured

(Figurd MXENMh&@iA, alkoRBHTBS QUi CRhs FIEERAFitH bgé}ge atp|e8¥t' 8% 100 U TI

rising insulinin a rapid'y absor
(F'gures%?abl e for administration to an anbul at ory patl ent

whi ch, when administered. in proximty intinme to the
begi nni ng of a neal, ex%—@ﬂ@%ﬁx rati o of glucose

Mlm@x pb@a@rlvﬁb@sﬁr@uhmRmﬁdm‘gﬁrleumtaﬁs Wik lFiabl@JlEB@QﬁéiléSle Inhaled
g G 'slestha}nl Inane Do

A

conposn tion is sui tabl Bldavau@ﬁtmnary del i very [ 0110]
an enbodi nent of the present invention, a
m”“pharﬂ%ﬁ:éﬁj@ﬂ%@nlpc@m@@i tiimen insilin concentration and glucose elimination

rate in a group of 12 subjects with type 2 diabetes, during an isoglycemic clamp was studied.
Each subject received 24 IU subcutaneous insulin (Actrapid®, Novo Nordisk) or 48 U
Technosphere®/Insulin (TI) on separate study days in a cross-over design.

[0121] The glucose elimination rate (GIR) was determined by the amount of glucose
infusion required to maintain stable blood glucose of 120 mg/dL during the 540 min study
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provi ded wherein the insulin is conplexed with a
di ket opi perazine mcroparticle, preferably fumaryl
walrdetraysdper azi ne. [0111] I n anot her enbodi meneCDUS100€012366
present invention, a method of inproving the
period ¢igurd ub)i mdriytelgmfurmta%lprcmadmea amani BaRRYd B8¢bentration of insulin

(Crad 0% P04 TRER S I P bichs e eedgmen mgTLe sonceniation
(Tmex) [d?h’é%m' Wher&sembRAs iR anebus Ww%uli?{ ?(,E)Qﬁad } bioéh +30.1 mIU/L

hod of treating an |nsul I nrelat sor
with %quqﬁééoc@tmme@hm:@pa@m /ﬂnss}tlrerraea:@ed onaximpat Gdﬁltvahuaw 883 + 1.35

mg/miﬂ fkg 3EYLI rﬁ/hﬁ'é &l ﬁl% B6ht FE w, 5 Onlv. 188 + .98 35edid not reach

genous | Stered cor‘rposn
maxinmt @rghaaoa.%yi- hdfi befcse @68 tnih Ndasbita aﬁ'ﬁkﬁm @Bh&taANinSIM ohcentrations.

o ot P AT A B oLt pyrms e
Figurea8.miQricetraaxthal irntsulmvafmuwby reéd%dﬁﬂhe'dbn@éﬁﬂfd’dl@h — effect relationship

nbodi nII of d of treating
was ”f%%%ﬂ“?ﬂg dI f’e‘ld51 &’%‘HF& At Rig, BWQQ%@'SPQ%W@Fé”RGith@ mg/kg
or 619 %P @) GatSt ¥madab i 15513%@ (34 bt t%td?)qﬂpﬁé' tion conprises
a conpl ex between a di oplpera2|ne and human

[0122] nsulA fast, kharprintrease rthadihBententiain délﬂﬁﬁérqgltlﬁ@ééﬂy Pifase insulin
t anot

ool SHTHEH B! SELRE i) BB S Typenves o
effect aaiimpo4$ trhian whsrdas hiakaet. 240l Forl 24 WBISAASYERh similar effect. This

i f th thod of ;treati
rer RS0 S 5 B 055 44 5 st vt v
types, i uéflects el differenadi mo*esl;afnsbsmﬁhnaﬁh@tlﬁ@reﬁ‘@h{ it MSulinSt&HEeA®ation is

more kBBl HP 2o ARE S5l K ioabanh 19T rovied by

Technnaphureﬁ/lnsmig] Bhis@dn hlave osreselgstiles forpodtpparidiafucebé Bomrbl.
nsulin-rel ated disorder in a normal range is

[0123]pr ovAddifenatlyr fhsea fowiswaftedidoegingn48 U Tl and 24 IU SC had exerted the

same sPEJ@S%‘RHv%JrM g AL IﬁB\‘fvE\?é]{ |38 Yhd ! ﬁ@ﬂﬁr%SJ)fttjh%q%mﬂg[&lcose lowering

irst ase”i nsu ar macoki neti cs are o
effect jgrithe r&é@@@@ hed bﬁeﬁu@é@ln@ﬂ “Hbrpeiicstt aft todal, glucose lowering activity

providéd WRhiR algo\RnYited n‘g} 3 n?é)éPWas "/n}oplﬁ §8d 9b% for SC insulin (Figure 5).

adm ni stration a
If the psardjaliosidinwogel if Wrasf@datowrdm lbalmf cormaglydenta at tremhours after a

meal, ﬁl@%rgb$éﬁéﬁlﬂ1fg' g%]&&%\é%\ﬁod gle ffeﬂ:pc]f]% lrlsr&ln‘?l r]ﬁééfea?e the risk of late

i ment i ning
post-praggisf gyggglxcggnq;ra@mpared/@n"ﬂ; onaddifimn to conﬂnlng the bulk of glucose

lowerlr@%@ﬂ)f 4$ laly’n‘rf#éJ WeRb$ Frsyr § Qm'n%? Yo i g RERE lﬁ)taH o&eﬁgﬂv & fheal, the

a co bet ween a pl perazrné an
kineticg @,‘Ulblt?ﬂ an“a"ﬁé‘P W@@W%d‘rmfdﬁhﬁ‘efﬁﬁsseﬁm di Eedmlnpes frsiutie secretion

sooner* et lﬂ"&l&&ém@'f&&%r@l% ﬁ’&ﬁﬁ%’dr@ ‘hohfbdtalic 'rﬁbcﬂ%ﬁ.&ﬁ‘\ A late time points

mbodi ment mal nt al ni ng
(>150 mw@sé the falhia ipyutis eppcantration laga bebing \Adfbabg/enbmavy been expected

based HHMHY ﬁéé‘dﬁ?’atlfe ”s°éé]n' Bt @?ﬂ@roﬁtr% 1?@Tfss Thid' @A oglhaé stood. as the

occurring formof insu [n one e
SUpe”rf‘iPFég't{ﬂne‘ggﬂH'ng avegenPes insklimeitono dl) @ihd rrisirgoendogenausniaulin (Figure

14).

[0124] Endogenous insulin secretion should be accompanied by the production of C-
peptide. Mean serum C-peptide concentrations over time for inhaled Tl and injectable SC
regular insulin are presented in Figure 16. C-peptide concentrations were essentially
unchanged during SC treatment but rose with Tl treatment with a timing consistent with the

model depicted in Figure 14.
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insulin kinetics in a patient in need thereof is
provi ded conprising admnistering to a patient having
w@roosneishi n-r el at ed di sorder an inhal ed i nsul i PCT/US2006/012366
conposi tion such that the inhaled insulin conposition
[0125 m d@né of the-mpdsismpontentlainms &i drag |tr¢es—apy in getiehidetith type 2 diabetes

s o SR R0 IS B BBt S o oo
early fnuthe lveursemfpypes2 siabdtas mallitas.i I mge Badl@ BOsA &t RBoR@RAtion of action

L nsu Concentrati on at
of mhbf%??*‘e'rsﬁa&"?% E%‘{)gﬁ%n@hmp @&“L‘Pfrrl%fa?d'ﬂugwhaﬁeéwtlon in patients
with djiadeleS) mafitusous dosages of Technosphere(r)/Insulin (Tl,
MannKi nd Cor poration) were adm nistered to human

subj ects and insulin conEsamplaty on in the bl ood was

measur e %E{ QG §&§e d{gé?@t I&r%%% o o@xﬁ agzy'gA'g%]Ucﬁ vas
i near W e

[0126]};8) R Ibe f@aMﬂr{h&r ’Mﬁ‘?%gg& t&gpgﬁ@ Yor@&%ﬁ 1(51 #ﬁ%ea iglly combined

ponse In Humans w t oavar |
with thefi B‘I’tﬁﬁt'%@!‘,‘eﬂf@ﬁbtvw'd?d%\te giu@mam dlmu@ztmaates[?scs bighahat they would

pose %H?@b?@f ﬁr%dcﬁ@uh%ﬂbtg%éﬁlasl%()%rveﬂtrﬁ YahLepld (':%éle [l-?e&it% human

he rel ati onshi \ nsu in concentrat
SUbJe%ﬁd‘”S?ruﬁ@é;@'yéPmiﬁ plafmponereagiven imtravepausp saicutzhesubj @cpuﬂmonary

msuhrMérﬁd%h@@lR @a@bl@ﬁ@é %gamgl%lé&gm%ﬂlg c%?]%@/tp 13h &t B0 WeSutes after

st udi ed. Each recei ve cut ane
adminjsigtin. nin( A@W%p‘i’mﬂs QB bysteresis sik) respontd to lnsulln is much less

pronoﬂ'r%“ehﬁﬁépﬂw%i ﬁ)r(tﬁ)d DML e(sﬂfal&i%ﬁ%ﬁ@? g% G 5 ﬁ%f? for normal

IN a Cross-over eS|gn se e I M na
subjeqtg;170 MUiYs afkes la%tll@raelm'@atrajyntam envaus thefelafiancostecen GIR and

insulin éB‘n@éht@é‘tuoﬁ%iﬂ%afe@ a”[?ué’%@fh%n%‘i | ndlio g ?'\_A%ls%%gé&jag that while

120 [dL durin m n studyperio
at lowes, insUIEY GROCKIMK Q“SF |th9rf@0¢tt§>@daap¢mra¢1 linerr, moonsideration of higher

conceftPAeAst rsﬁé\h/@cﬁ‘ fﬁat' Wllgbtl()%) w2k ]a%fhaﬁﬁ ﬁééa&th% "bs  insulin

tbgﬁ m UL and had a ne tinme to
concerigB s EvBhsTatRniNcreasessn MR werg ebtainedAFigute 15). Thus glucose

eliminoBGid AGGaHEn bé@é’ll’dﬂﬂl&%lgnﬁﬂeéam r?cfﬁ b}t%)to adidy

with a Tnmax of 150 mn osphere
reached maxi mal G R values, 3.33 1.35 ng/m n/kg, at
45 nin, while at that tiR@9e$ SC was only 1.58 +

THe Odridtn Shdl TRS-AERFCB R 6 THMaleidtdifino h%i?é‘@/l sl Compares
bef ore 5 mn, espl e al oSt cons
concent i _to-Hhzal of Stibcutay L]l NP
I
l°1271$2?‘213'2f"§9a5h8'?e E?@%%*@%%di‘éﬁi%uﬁg§ Sbéllﬁ%ékﬁnﬁiqr¢u%tto achieve
near-noysal @mhe@pnlrbieartdoﬁmce)mreapat@nts- aref ﬁ@&brsﬁ@'rﬁéke%‘&d’ib@nate dose
t S ure .4

adJu%tﬁé%?‘tcolngﬁ diﬁrﬂ% 8%5{? b)\%)l Cﬂf%gntﬁ@ %vaga[il%/dlp lr@%{llmabsorptlon
and inwin effechbeiwdan renﬁ%edrgbéeg df218% afhled Abghrio8phere®/insulin (T1) and
24 1U subcutaneous injected human regular insulin (SC) was compared.

[0128] Technosphere®Insulin and SC were given on three separate occasions each on
separate study days in a randomized sequence in 12 insulin-treated subjects with type 2
diabetes (10 males, 2 females, age 56 (range 40-65) years, diabetes duration 14.4 (3-29)
years, HbA1c 6.9 + 0.9% (mean * SD), all normal lung function (FVC, FEV1 and VC = 80%
of predicted normal)). Using a euglycemic glucose clamp (clamp level 120 mg/dL),
pharmacokinetic (PK) and pharmacodynamic (PD) time-action profiles were measured over
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[0122] A fast, sharp increase in insulin
concentration, simlar to the early phase insulin

w0 e®poosse; provi ded maxi mal gl ucose el i m nati oPCT/EHS®06/012366
Forty-eight units Tl achieved maxi mal effect within 45

540 nmrfolloMmg efaﬁh fdl'm%_?]fahsﬂlﬁ%dmﬁlsfr@tiorﬁ4Vé|‘{|ébcﬁ@y P af)@cﬁfﬁﬂ)n and effect,
| enomeno not caused

expregigd o G et o b RAeTanecat 120 ol P 84 i aféridosing

[0129? Vo "fé%Hhé\)éE)hEVe@ ﬁsullnléhowgtfi %en%ré r%% d ons Z%gtzcm &g@ o 17 £ 6 Vs,

esponse | NCrenen N1
135 4 &8 mm g1 8086t p%ﬁ;@@01t)|amd hégheo ppals & utio cbﬂit@ntf@fcmsf(ﬂ%-@max) than

sC (%b%a’()a' Jf‘?@J”SS%?é&/’nQU'%%éﬁegcgW%%‘&“IZ,9@2 $ Hffusnon rate (GIR) values

alreaqyo3dt 19 tiAdinih, whilectbs enapdmumadffec{ 6FtB8]SCAdole devniabd it 293 + 83 min

f U Tl
(<0 OF NWRBCR hboll 19 8 IR sonles 9% sicher fs T goparea o sc
the firsbyep apdithreadotirsi afterafdntihistratamalTagleut)osThé ewe4biRg in both insulin

o888 40, SR8 B D50, A o85S0 o
after aﬁrwms@rgtlcmf tS@eCIélcalkafor\Mﬁhe? &fidbdity 1 inanlth &894t (GIR)SE&s 23%, 22%

and ZB%Sé’tl 1'22 Q%:doagd gmﬂnm I aﬁp&&?f ﬁ%??rg:la%@téeﬁ] Rto égth,;%%/%gnc? 18% for SC

(Flgurﬁ(ﬁ,ﬁ)ng N@matwtmin,suhmeom@ng‘etlarfsnmgure]@agjIftbllm&e a snmllar pattern

o, | r f I ea [
o SRS s 25 A N e 1
returngg| tpt lingy emwfthen\/@gablh’@ ioureasdreg| plesma :hwuar an@4o min was
I
comp%ﬁlb\‘[&étrt%eailé;rﬁg 'OIF%OOQF\}"? ﬁ@ﬁf} é%1T£|% ° ¥ t@d’gétlcos%c) INS-
AUCo.gh 8Y 26%0@etf%br the reassertion of endogenous i nsulin
that is glycemc control is returned

ecretion soong
[01301 3&@&%8’9% Taselashewed aanorexfapid jomsetpanchesshostesauration of

actionthadil§@)itankbgs fedfular hOmaRShEuliR wWHRAC
what \/\/()u‘afl't%ljJ have been Ieéectgﬁﬁq%‘%ggghﬁgﬁfgr replacement

of pr a%‘ggdwtﬂ'ats@“&é% i patieRts with tiperedigbetess In Paitisulear ! tsen provide a
lower lmllinfSétQO@bswrahaiQI BYRRICERRS bE] Wc@rﬁtrafs@ltb'é@ %nggpﬂéjsglucose

Cg)fro and ri si ng endogenous T nsul
loweri "aq:? &?drqe@[% he BrRedR, @egﬁ i ﬁ@réhqrﬁvosee@“reemtr@matlent variability
of repéditedl|nﬁhahkﬂloﬂ§‘2ﬁﬂwaﬁuse%déY|oF ke sY AU bhPihe @i??h'réjee hours after
q aé}‘ seréﬂ%ggtl de concentrations over tine
osing; Wiy 5 Weighl e SC regul ar insulin are
presented in Figure 16. C peptide concentrations were
essentially unchanged during SC treatnent but rose
wth Tl treatnment with a timng consistent with the
nodel depicted in Figure 14.[0125] One of the nost
i nportant ainms of drug therapy in patients with type 2
di abetes is to restore or to replace the first phase
of the neal-related insulin response which is | ost
early in the course of type 2 diabetes nellitus. The
rapi d onset and short duration of action of inhaled Tl
shoul d make it suitable for replacenent of prandi al
insulin secretion in patients with diabetes nellitus.
Exanmpl e 3
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A Fast Insulin Spi ke does not Increase Risk of

Hypogl ycem a [0126] It m ght be feared that the | arge
w@omveretsnat i ons of insulin, especially conbi neRPCT$1906/012366

their potentiation effect, would drive gl ucose

Tableelli PHmMavokive$6 PaPactdrs! AFedr Phﬁﬁowaw ﬁkdmﬂ‘?sﬁatuon of Tl

danger of |ndycing hypoglycem a
the case. Heallt Hlylallﬂﬂmhsmhemawhder aSGeHgninynRBgmar Insulin

cl lanp were gi »anbmg@yth%e‘ous cw%pult aneogéan%o CV (%)
pul monary insylin and t a %%él]p otte agal nst | [95% CI]

| concentration sta H-es—att
Phar ) B Rs e b BB i o (s ot & 1
G”*Né%pmﬁ@ékgt)o i isul 2668% mich | e8%4 pronduncetizBhan [ hat39.2
for type 2 di ab&dtceftedd) di sclie868.0i n Ex&ifl & tdtalpbpvips.2-55.2]
GIR-AbE, frykghor Myl ssbjeots,] 20 mnutes aftefsipsulin 334
admi ni stration gReh &REY d t higo, g_@,b@}l on I@gs/y\&egg}a@ R 93_8_47'1]

GIR oncemntr L+ dPProxXTn s—a—ttue cu etra &
m?"gﬁ%%ﬂnms | t \Jvasa%r) gebrved at | BRE Z'Ll nsul i n!7-3

concentrations the functi h&&rggg‘rglhdj i near [10 3-24.4]
Phartpggokinefie R\ Reverestern, hghest ormm@@nmum {li¥Blcogtentretipns hat t he
INS-AUshat(banshi p wasessetazabl y || oganethmi c] assobbmghi n 27.1

concentration|r@se% oﬁmap) rrahlm;.ze gjcr (=a§2a% éfr{btg R V\ﬁg @ 38.2]

INS-ARUR, 3 (G FT OUT Egdp) 9' Ch83° e' ! ”'éé‘?‘b 1‘ﬁ§ ";é
ol

reach cat astr )plzéﬁ/agf talB“ c Egt?ezs! ﬁ %% _ anﬂ1 8.35.2]
INS-Coe M8 of | nhal e®¥4éthnospher 80-@ 1 ns J| i n6&5¥parels  29.2
Favorably to that of Subcutal@dw®8-8luman Requl ar [17.3-41.2]

0

Cl: Canfigerice int¢r@dl27] Ti mi ng and reproduci bility and of

*p<0.0518UBC/T'ps0.0@5aBBG (NEVAC Bixel Eff6dtd Mbdskd) t 0 achi eve
near - normal gl ucose control and to enable patients and
doctors to nmake appropriate dose adjustnents. The

time-action profiles andshgd gt ra-subject variability
in insulin absorptlon and Tnsualin effect bet ween
A Rangdamized Jldouble-glind; Plapgbe;GontiallesStue inagy and Safety of Inhaled

(r)/] nsu"l‘e@hr(o@p%e@m%s%ﬂn Hb&é%ww%@ pegdsed human

regul ar insulin (SC) was conpar ed. [UL osphere

[0131](f)/*rea+Ho'thé1‘E@'on i aﬁe ﬁnuggr} %glﬁlnsed%??egtﬁ(gomaz Jae smal

ccasi ons eac days'in
Mannkdigy(idnis@ler hasl2 bipavailability rtbalt mdnlsab]oemlals mread-helatepefidt- or early-

phase aﬁesgﬁﬁ?ég?égg&@h%ﬁrceﬁei er%z @%% t§ng§2€|e &-%or%roged study
was cendgotednbdie 8niiabeied meditusapatientsginbdemquatan cbﬁfr&ﬂ,ed Fdr\Vdiet or oral

soen 35205 B SUSEA°H, BRUERU pobb et SHALAEER 1.

mtentlcmee)tr%’q @Opwiamqm(é‘bﬂywam ran¢emized iinve-1at tétiorio peazdviel randial inhaled
Techn&ﬁfh@ré@ﬁﬁ&aﬁﬁeﬁl)oﬂ’&ﬁ AU dHsB cfa?’tlrlgg%ﬁ ?Qntgﬁﬁgbﬁﬁﬁvrsn?r? ]:?n 0,48, units of

insulin mni'stration. Var
humane fnsilgt (rQNé}arogg@édaraghm%T@‘chmmetq®/mmbdefoer1m wedksat Tl was

mhaledlgt)othe HaR @‘QHe ﬁr%@ nﬁ'ufhft'f}fotf ?Joddé}ség%g mi IQ %??Jlbs-{?e %@%%’ al oF gwe day,

[nsulin's onset “0
amoungingydo T3r 4‘,adnﬁnletgatlons5per6&)mtmrpugﬂ|owgheStz weel. ﬁi@Dl)SubJects

contini@RdwhRb@Der opﬁa&aﬁé@éﬂdrﬂ‘gsc%‘éiﬁq‘;er@tdsﬂ{bs p('lu\l?o Méring 1 than study.

Differences in HbA1c from the first and final treatment visits, and between the first and two
intermediate visits, were determined, as was the change in blood glucose, as AUC at various
time points, and Crax and Ty, after a meal challenge.

[0132] Patients were given a standardized meal several times during the study and
their blood glucose levels measured. The study drug was administered at the study site in
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SC (Table 1). Technosphere (r)/Insulin reached maxi nal

gl ucose infusion rate (@ R) values already at 79 47
wOorRevs/108501 e t he maxi num ef fect of the SC dose PCTUS2086€012366

at 293 83 mn (p<0.00001). The AUCs for both INS and

conjuﬁtllanwnh\/ee&amrelzbd ghakiakO{Untle BEHP BF k4P B i ﬁthbh\ﬁas prepared-
ee hours after admnistration (T

at ’fhef'j’fe ® Fre i BfUP?F% HPaER RS TR lshceateredbe G161 aSairomety

was plerfsuhem befotd 01e suifect WURTthE GiFst Hos6 SMBRIIY Al §ij'e8tsttH§n inhaled
t hree. ho és after adm nistration. Specifical

the stydy g law Jap FOSPFITEG. PolrTHEIA 3176k PBEemelas Rt RRasedire. Withi

90 se2@Vds eRffeasiady?Bfiugaihhdidibn, 180 HRd tH4Q IFBrHetFye%@?%é “8bjéct began
copmar d.to 39% 3% and 18% f or SC(Fl ure 6A
eatingfie (Gl el Pnes, Meriheal Was cAMpliRc e BlepoAILPPeAIesm)d glucose

meterfreiadimg\zed/eﬁe Sbmdearatpmhfe@[d’delf b3fere B3 AND, %@(’/érfdo’f 20Tlmnutes after
and 27‘3/%?|25% and 15% for SC At 270 min, G R for

beginping edhGahed to baseline, and the variability in

0133722 WeP hbAR b BBy ol R RBEBe S ABIoRT Biaisie, 056 ey meal
challeng®, bys sigaifipantlyNsysUor tDle5I'4@raupnarﬂ:ﬁ%ursed ﬂﬂ%selnﬁé)éxﬂﬁn]er (Flgure 11).

I t
o EAOSG R LD, MRS TG LR R e
eXCUrﬁmnnéﬁﬁmak nisiguiient 2@ wérecraducesk e Figures B tshblve therobserved difference in
maxm{a?ghﬁsgé@Qéur%Enﬁ B?twaeﬁ thd DS g %r{ltg I Sc%cvﬁnegtr{jl%gréeﬁ? Hggqtgeg eofs‘l'l versus
those jngthe .conﬁr@ larof Nose thapeka posenof 13U Ili}qnmgklmae gluaosksexcursions for the
TI patfeﬂﬁ:t Wat 548 oPthe ng foﬁ&heéeb%tleg\ltsu %Ot%ﬁtcon tgrﬁgp ﬁglsgoca?tﬁethat the

occurred before our- pol
averagenglpgosgapicaraion was amutuaayngmwepé@n@du whah ¢td Onsatiefits entered
r t thr
the StJéyu\rA?%a? %ﬁéﬁélg@solf r?%l ] éﬂa }(j:|tar'1£]fv‘;'it i H%aiaggaotb@tsls 2 'Goar of dlinical
treatment r at i on. Tabl e 1. Pharmacoki netic Parameters after
Pul mgpary Adninistration of TI d: Confidence Interval
[0134F < glﬁateéchemagie binoA4cv&ibAde) (Tamidken wave xanal¥eedysa pre-

determétéﬁst@mlﬁlﬁlﬁ 3R OB S Ef%&plF’% PI‘a‘h@ﬁj gPI'—_Ff:l’ Q:{;eﬂﬁgd prior to
ntro of the Efficacy and
un-blingidr a3, sr‘@@ i6d kP FiapAeq Rk mluvmenmlrmladmrwsand no

adjustlhéﬂtgjdf chpebRSRNEAREd ddigY @&“Q@fEFp%hB‘%ﬁ&{df Al @%éla'\ﬁith baseline

r t he smal | nnKi nd
HoAt gt bt & 880 r 9 R SUbmrale flpsrvit hessiloe Sbadea 8.0 to 10.5%)
as welf &g fr th@[TTeaThesRTBS SIS Blinfhari8b@ 5 Papld B Snd for PEP Sub-group B

in Fig 1 e B PSPy <0 g rpsensieioh Tt ygms oo each meal

in the dithleetresmer] drotip SvasadppillirhateRRSE AHR, &lith @@Uﬁl'ﬁ@bé lnolﬂEP Sub-
r_oral gent t herapy (HbAlc >6.5%to 10. A

gro”p‘géf’gl?’%oﬁf“ fis4isgd in @ﬁ?§u\?@r%”%ﬁf ol l ed and 119 :jhe_ |
| ITT
Table 2 ABAPAmMACINBAB, 0’ o anai al i nhaled

Technosphere(r) lLnsulin (TI\ fromunit dose cartri does

containing hetw dachnasphere*/pliacebef | Technosphere®Insulin

PEP n=90 n=42 n=48

Mean HbA1c Baseline (%) 7.75 7.74

Mean A from baseline -0.32 (p=0.0028) -0.76 (p<0.0001)
Comparison to Placebo p=0.0019

PEP Sub-group B n=35 n=18 n=17

Mean HbA1c Baseline (%) 8.52 8.72

Mean A from baseline -0.51 (p=0.0094) -1.37 (p<0.0001)
Comparison to Placebo p=0.0007
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human insulin (rDNA origin) or inhaled Technosphere

(r)/placebo for 12 weeks. Tl was inhaled at the tine
w@boobhessdi r st nout hful of food at each mai n orPCT/US2006/012366

substantive neal of the day, amounting to 3 or 4

PEP Swlvagnowgs Aai=i55ns per day thwzaughout thHe IZ week g7 at—

Mean Btihj e Beselico(t)l nupd what evergor al di afetes drugs; {gTey’

Mean Wb baséling prior| to ent eri-098{g6.1962)qy. Di T T €T eNGER (h2h.0001)

Compéiizdh © Blaabot he Tjrst and final tréatment V|S|t§<00’3no

between the firsf and two 1 nternedi atje visits, WwWere

IIT (L@6FenAiteRd, as was the chamwge i n bl odd gl ucosep =g AUC

Mean HbAlceBaseline (%) e _poi nts, apds Crax and [Tnax, al { efgAa

Mean firain Bebelink ¢rpe. | 0132] Pat-0.8ntps-0\082® [gi VEN -8.72 (p<0.0001)

Compgisamtpeitiaticbed nmeal several tinmes durifg the Stgsbypooasd

their blood glucose |evels measured. The study drug
0135£/as g\garjn nistered at the study site inconjunction with
L §PlgIRRIOL RN BEROURET oFRuTe iBribeldT @soup. There was no

statlstli@"\} §igAiarit tiferdyie iR RIS Of ﬁ)t/pcfggf%ersn'wf @veg'l‘:fﬁeﬂ/v@g?] those subjects

ore

Vﬁ@ sma gl ucose was measure
receivipgflaceg gﬂneﬁﬁ?%eyreﬁ%wngé’ﬂf(&bfeé) before the subj ect took
t t ud Subj e th hal ed

Table didntidebe 4F Fp SRR aftdr HymaiebnaaminyaRptPRoA Th

SL”Q' e spi r 9Tjt .rxhtgles TQ&%%EHE% (IK!&IE}LK q%qhsjmf?%‘%he(}e@’%lacebo

UTic Ol. uu

W@@g'}’cqnﬁé (%Lﬁlfrp@twntﬁ)egan eat | #6%e test |meal . Oﬁseg%he

= A

Fﬁﬁ@élyd&%a?é\?@ﬁks%&& ) tihe pl asr@ j@rucose yalues an
i

er—+feadinds—-were o alned at i medi at |2\9

yratosT ottt

bef ore and at 30, 60 and 120 m nutes after begi nning
[0136]t he %%orﬁ[r)o Jf&r:l)’(:],’[lf)ﬁ gt(regtgaﬁrjlc gﬁngf i)i?;g L(\éﬁjgleﬁgq%gh@gof ghlﬁ lung for
carbong.ng:mop(idehmﬂalg]eIdéSEEﬁ/Or(fwrbm Ekpicatonypvaude nﬁtdﬂen%bme) and total
alveolg}a§&hﬂnge(f(§98@%al(g lt‘:ftﬁ A%J%% s-é-cgvl&gq t'ﬂOt %b@lﬁiﬁﬁ)é ge{snces between

osure, esse
patlenwasé'ﬂ el chmai’eédoe&elnrtzaselme( Caless oFi gumpard®B) therrésults of those

recewlry}g%%gp Sﬂalglér@)lB shoyvs t he observed di ffer ence in

cose’‘excursi ons between the patients

Table Elﬁ@@u'leﬁSrﬁJrfcﬁfoWKﬂé’ﬂﬁﬁﬁ%agfo AEPni.}{EEréH@P%E?Pe in the

control _arm Note that at se 0 e_maxi nal

gl upBkeoexcur si onTetmiosgherd®ingalin TeghHBSher @Y PicebB®

| evel the pa rents T |. 1 contirot S LY A-SO—1ote
t ha 0 r(%ver age] gl uco%95 r si on|was ab%&?*@Gng/dL

vs. | SDwegksgll when t he 35, opa4 sents enter edzg I719r§§udy
An excursiom of Tl Yy 28 Ilgll dtE—s—wthira—the—<+ age +hat
is a goal of clinical treatnent. [0134] d ycosyl ated

[0137]henogﬂx@blwasﬁdc:eﬁwﬂe66f nﬁcﬁﬁc%ﬁ of m%ﬁl?n %M%ﬁ%@mﬁg%l% 5) or of
det e m ne tlstl anal ysi s or t

Welghtgpﬂ %%)pt%HerJ, ths, %}NEFK P%fé?q Qf@dp%‘rqr@yr to un-bl i nd| ng

ot SR Y B o O

d| abet es dr ugf) nffor a ‘F&@n%?h&r H,Qs F%ﬁﬁ‘ﬂﬂ’hﬁ?? {Placebo
Nega*{‘{eh%ts\é'SWWN\eQ?é@%IaﬁNeSlﬂ—bAIc of 880 to 10.5%, 34

Negative at Visit 1/Positive at Visit 9 2 3
Positive at Visit 1/Positive at Visit 9 8 10
Positive at Visit 1/Negative at Visit 9 2 ‘ 4
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as well as for the ITT. These results are sunmari zed
in Table 2, and for PEP Sub-group Bin Figure 17. In
wa hios/10350di vi dual i zed dose" study, the nean doBET/U82006/012366
used before each nmeal in the active treatnent group
[0133]\1613 dppeanclusmneltlis 3s€tudmll1’as devhdristratdu tHat ST é@ﬁﬁé‘sph'éré@EBulmonary

24 85000 1 e B S5 T 50 B, en oo

patierde witheéndviegogleyglgrendc contmlrwd\nwsl)t be ohly Q&0sHY X85S alone or on

ca ficant difference in the
oral 38 A B Bkt gl B g VRS £5Gicm it 8o signifcanty
increased enc»dermgcla of Iayzmj@dyd camih, nodsdudtios ef Mtsﬁl?‘] Jdt+b86|;£§m&teﬁbency toward
nci denc a aft u nonary
We'ghlg??nhh"fmﬁ? AFYIdsHCER ?yerﬁg%ggﬁgctémp%%a{,y Q% on tests,
i ncl uding DLco (diffusing capacity of the | ung for
carbon nonoxi de) (Table ,X_g ﬂ (forced expiratory
: I
iputes Before to 30

! n
dlfferences bet Mieite tarﬂTHBe nmnT oK:aiJ ared to the|r

basel i ne val ues or conpared to the results of those
[0139} eceiAvtlincaplriat wias qoRtgeied td 8yaludtelthe effectRysl tn@mamg of pulmonary

admm@t‘r%ﬁct)r‘n B aArFDRIP- |ﬁ§ulfﬁo&%0%1 AN r?fgrﬁab%aoﬂ:r@{ﬁllqsru n: a?so referred to

was no evi dence |ndu
as Tegtmqsgbej”pe/gwsmn T Syieds evesy- type biiabetighivhgaiere h&i 1@Y&iGiIng any

drug, Jo%)erdﬂﬂéh niﬂst?liﬂe %12 ok S4¢' fﬁ% guﬁila étgg f’ E{n’e 31y ﬁ(ﬁh%(r grug affecting

I nci dence o |es to
carbolndifatai setabolism. ofThEt [tBa38tas| ra cpmmﬁeutt\va)nsm@lb#@n&irudandomnzed

cross g SRS 67 B, TP MRRAINE Rt Al SR e a il
individyplized dese 1Rl beferel (Bag)k immidiatalys beform((m),t 153ﬁiir8aﬁtért(h1 5), or 30

min a'ft@laC{ﬁ%')ategtlrgd ef?wo'ﬂo%affbﬂ@t (IOl QBF \ﬁ%%qu@/t ﬁ%(? QWP é ?@P?,rcalonc (H;

exer cl se ne or on:of
appr: 0>amate§1 G keatleamedly Eaghr subgbt géqemem each @fthieokighi pdssiie tlmmgs of

coniBL AR SR S DR Ry S mo
on seRgsatg HRCCRRIPNS, anthin rﬁod@mmﬂ@e‘mmtbﬂ toviel ddyls dlagsiet be&tiveen treatment
visits (Eé’é R ﬁ(gouﬁl‘c‘)f){i %awg nebgf 153 %ﬁl{ﬂlﬁq o g%/rlttggsﬂ and meal

d vcem c m hr et
consurpgliast weregisgd tavietgtnaise @ﬁamnaophleeﬁemramemgs fofr gluchdahind insulin.
[013 trial was conducted to eval uate the

0140 ﬂ A clinical

[0140]¢¢ £ o Lhe gose 9fel | asiindjvidwalized fanieael) sueinetniToerndividwalizéd dose was

based BDKHR% bmuhydﬁat’é%ﬁ{eﬂl(o%eamgdl Yo BQ‘&gﬁsrun(é:%r n r’cﬁ#'tr’egtment visit, a
fo ef er t o, as. Technosphere ﬁ

COfrecfgtﬁb glor éOFVJ'é etiéoat"ﬁ‘lb%b”ﬁy oﬁ%’b@?ﬁé@leﬁm"\%mah tnsulie é@¢t0n 1G5, which

was d@éﬁnnﬁﬁd&unn@@‘tﬁéhrﬁiﬁ@@ \hé]ﬁblalfbr% thé Bt ¥ré§cﬁ1tem9ﬂ%|t oﬁaé F@ihrod of dose

di abet es other drug affecting car

r an
InleIdlrl%lF tgﬂﬂ\?/ixsrﬁacf %’ af eqch fgat raeﬁtr\@gtr%‘@pqdmg to the followmg formula
singl e-center, rand zed, Gr, open- | abel
study. At each of SR{Hr 33t—n@ﬁt o"sﬁ@\réﬁs human subj ects
[0141]i nhajggGea single

IlUdose was the number of IU of TI to be administered

BE (Brot-Einheit, bread unit) was 1/10 of the carbohydrate content (in grams) of the
meal to be consumed (5 for the isocaloric and 8.5 for the hypercaloric meals,

respectively)
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i ndi vi dual i zed dose 10 m n before (B10), inmmediately

before (CO, 15 mn after (A15), or 30 mn after (A30)
we@aiosngssan i socaloric (I; approxi mately 500 kced1/U82006/012366

hypercal oric (H, approximately 720 kcal) neal. Each

s kbyves the indieidualdnadin Hacbr, eheivaieaito tROSRtPHENLUIR B8R to cover

adm %%_'r ation/ nmeal conbinations (i.e., Bl10l, B1OH,

oo by , Al51, Al5H, A30l, and A30H) on separate

0B Ahp ABflodin AL PIEISL iif) L O 14 days

el apsi ng between treatment Vi (See Fi gure 20).

[0142B! oodhiearBlkastidrakiendbef or g @ékdro%gafé% td&@?ae%%nsg B08% tHBould be

. Tl and nmeal consunption were use |
adm'%%(?ﬁéﬁék@ﬁi%?ﬁ'%s ?fgg%ﬁb%'wgﬁ%mfgm@w@n%ma U, A2, ion24 U insulin.
ot OO TSR T B el 7250 o 1 o
and ghaobe e ianfusedcz_mta_e:'dte ofdj e lfef_abhnege b?s@@#@séﬁﬂlﬂ;{érﬁ\éroioagglucose

.treat.ment Visi orrecti ctor for ,
conceffigid SR P 5he, gh G0 4{ el et mealusensumpgan janaior T
inhalafierc t ¢ infusion wak bcﬂki)tinfuad vd&lﬁaf fﬁ@j[]ﬁﬁl’adﬁhu iy fhe study. Venous blood

ry visit. before the first treatnment visit. ,
sempif Bl aIBE A koS THiaGleaRaringa 1 hauoT et spesiation and
contingiag huntit foat rems afties consamgmiodi Tiae samblee Vidrk lL@wl A& determination of

- = (BE * 'Fi)/0, 30 [0141] where: |Ud
blood (Uit} Bcdssisli Ssforh BSyin Sorcelralénium i stered B

01441 Br otrhEi i, ' f -
o146 8 0 s ol i) WIEH 341Gyt M. 4 e oo
providingnaupietile( sf s biaed pkisesd moheeniratios. ieférer andheafter Tl and meal

adminRYBESE AhOblobd 'JRRbSe cb ﬁtﬁﬁc%n\é%tl %@éé: elSsB. 3@%@’?% ﬂyea#ollowing

insulin factor, equivale units of i
pharmagoekingtis Pafaimetersdp deswiberotabglgepsaeaxcutsioncor r ect i on

factor far Tl bioavailability. [0142] After

iSRG 42 ER G SR M L —
dosal dohedimptin| Borbstatriah Basdline @diugsi ng mul tiples of the

Tl cartridges, which contained 6 U, 12 U, or 24 U

i Misiral{ Crf)0dd®] glDeaserognterdattions bfter Hiitislation sedridtiotb®r baseline
\iised intravenously at a rate of 1 ILJ/hour and

glucose was infused at a rate adjusted to achieve a

stide! © CARI(TL) Yintd 06, 9l(vcgss LR LhL Ry

t he tangeaQO(f ?E) to 140 9(/ d'?’ bgggﬁeéenmeglg{ g%ﬁg%gn%?‘lf%ﬂon above

dagetine yels aften siart efimeatiils- i nf usi on was conti nued

( Lho Lustment during the study. Venous bl ood
Ak oef dpe B bubte HinGalfaling Qe AOES wast Srieviaigo usig
dtapésoidalmethodfor trvesreaparaertmuenpéricas: and cont i nui ng
until four hours after consunption. The sanples were
used fAWYCdered aimimbeiore of 240 roindafies etactrf ngdalicose and
l.in concentrations. [0144] The primary

serumj.n

ef fi ca‘{c'{ﬁﬁéﬁ% 0 BinRRfor i9de- #Mdicose concentration. As

wel | .Qy] di rof i.l e of the blood gl ucose

conce%@rézjg'iq%’rq1OI Eén@oz?tggg'ﬂc?ﬁgf plaft Otf'lmez?ﬁd neal

Blood glucose concentration at 1 hour (BG1) and 2 hours (BG2) after start of meal.
[0145] To ensure baselines were comparable between treatments, blood glucose and

serum insulin baselines were computed based on the average of the -45, -30 and -20 min
pre-meal measurements.

[0146] The secondary efficacy variable was serum insulin concentration. Insulin
absorption was assumed to be independent of the time of dose relative to meals. The

pharmacokinetic profile for insulin was determined based on serum insulin values
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adm ni stration, the blood glucose concentration val ues
were used to calculate the foll ow ng pharmacoki netic

w@arairetser s t o describe total glucose excursi oPCT/US2006/012366
Maxi mal (Crax) and minimal (Cmn) bl ood glucose

normaliges wrtdo@tala@ﬁ&smbt@émg Rienes&@mE0 @dr dRRHta SQBSMERE ©9 ma& N (peak insulin

b | | Mnimal (Cm
oL 0L Br SRS LS S b G S o
dosind @ pb@é@éﬂo@ﬁtr&tﬁiw&ﬁne fF&rﬁRjoblhg(ﬂ%é‘a&Tmbf Crokd (BB Pe0,), and time

i ast ucose excursion abo
from Fope it PR e & Breee BT et Wore FREHSoT o loNiag, npRelRaton (to a
hypothdi‘t&abh@IDdJ)g‘bUM@Wu@Dd&%ntrﬁ@t af8 IREE-MEividOEQand®sn was determined

T T W AR i
[01471[1?;2?%@ % e%%"%ﬁd/a%&g] \%%) EI ng?lgc%%g qf%\g? Xtréglogoghe effect of

timingglmcwemtsdmmtofaiﬂ am dhe Imbanur (SCBChyseting-cdrrbeted Sblood glucose

conce PRk 33 2 i HSRhchBof B GBI o 21

for the grinary ﬁﬁl@laqim pordationn &ye iy mecommpmreﬁivd)mdams trhislood glucose,

whie GEICAMRCE Ik el ity i R ke Tedlc orearimigy  profie for

the twaameadypas huisvdré depamieehtpart tl*rertlmlhg&ﬂladmlrﬂ&i&twpbf oh(Figure 21).

NotabBE M BRCHIE: raRd 1EPEGRT bt b (ot uhh e it ceorease n
blood jghicasé tevalss Affert manhing @ rtmiareabomm 16 eminrafen thel $tart of the meal blood

qucoé@Eb@? P&Jgg?ddvé %gsélﬁbég%?scﬁ%ﬂgf%%'t{kg 3ﬁ§rﬁ+ naﬂ B comparlson when

Tl wag isihetedt toaer hnin AT thesteat ertdermetdheglumalle\mls rose above baseline
approﬁ%&s@mé 35190 aﬁérrg??rﬁHé N ?c;ﬁgﬁ?%goé ﬂigg% I:[gdo& ng to

concentration rom ach 50% of

[014SPTHXA(&ﬂhﬂ>éhs$5 ?%harn?e&@klhéf@ phrafBt g‘?&frt? oc?@%bggt,ﬁl‘dllg\ﬁmg each

ate 15 were cal cul ate
type oﬁHﬁ%PP‘%gﬂ ri€gRh G‘Wgaoﬁ%@f’ﬁgﬁﬁ'%‘l?f Tige sheyn ﬁrbil'able 6 for the primary

efﬂcadyngbp\!ulﬁ‘tlrb’vh| A9 SRdichtBd By tﬁé‘dmbé‘ﬁ erhln'irﬁlghvg gg %ﬁ@éégaﬁ%v‘élg (Crins

eterm ned as the CV% for the nean

expresgR xa% fgangsciropy basglingh @ndr infial pedeq iof 4bg araaulmeé thgglucose
conceftr4tia @l’r&@@&ﬁ)ﬂoﬂl‘é%?éétéét' @BuctibAgn %fd‘oﬁcéluégsetdc%r?&j fhen T1 was

ration of on the nean (S

'”ha'e‘ggQéP'r‘ e SHeiests dtasled sntiny gélordne dﬁ@@@lﬁfle &t hynescalericomeal (Crin

21 mgiid add e27 avy/diS aesheildy;,OAUBY PEFLALRY '—@Oﬁ%ﬁﬂ*ﬁgldL respectively)
ust tegiiln Fi ure21for the primry
(Table pSL hean b xRS ) P'edt RiEhes ohp dPiat pgf@reé@umynmgteiynbefore meal

consurhbmﬁ lﬂb@&@ﬁ.%osd\ﬂé\}e% eHRALG g @\EBi?rmtJb%rJWrﬁ%ﬁiaH@rtbcﬁ? min (as

ncicatFE Y hE S A4 e se A 5O 40 30 min later

(as indicated @y Qhe astEiR B [(@hHIE®) OBy TompaHEBH, Svhéh) Tl was inhaled either 15
min or 30 min after the start of meal consumption, reductions in blood glucose were smaller
(Cmin -10 to -13 mg/dL; AUC1 -141 to -176 min*mg/dL), they occurred sooner (Tmin 3t0 5
min), and they were more short-lived (approximately 6 to 7 min). The largest individual
reductions in blood glucose were in subjects who inhaled Tl immediately before isocaloric or
hypercaloric meal consumption (Cpin -58 mg/dL and -57 mg/dL, respectively).
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Not ably, when Tl was inhaled 10 m n before either
nmeal, there was an initial decrease in blood glucose
wo ewel18350Af t er reaching a nadir about 10 m n aPCEUS1006€012366
start of the neal, blood glucose |evels rose above
Tabldo@isSlinneary of 8160 BRICKsSETRh&inyacRinBtie PathftleterSby Meal and
T.mu@mmnﬂaraw}eafTéchmphsmneﬂamﬁ or 30 mn after the

start—of—the—rneal HAS al rose—above-baseline

C | CVCI O T JO\,

7 %Iﬂlgr:‘(f’um?q er _starti

appr oxi tely 10- ng neal Hypercalorlc Meal
consunptilon ( Fi guFigir@Df Dogir@ 48] A conpar i sorTi@fhg of Dosing
phar macoki nefo c| pag@met epss f or Adooodl @1gcoge EPT TJownig A30
PerarnRF D 1 YPS RETFENETE T REBE W TONo) | i) [ (N=12) | (N=12)
Cmi"(riﬂy‘i'%ry df f 1%dacly p%ul at r'dn. | As-Bnd car?ed by -tthe |meatd -10
m ni mum bl gl u€®e [l el s | (An | eBpresséd)as (7) @)
Tmin (MOnBesye f riombasel i13e) |andsinitia perig o time area5 3
max(,Hgyg r theg gkgicose gzongentggat Tonggur Ve ;& uu) ,13 116 113
great est re@gbctl_o 8an‘bl @gp gl y gseaoi% ﬁﬂ en TZso) 47)
oo CORQERY ¢ o 1Bachl 424 ¢ ot Wyonds c2Por | ¢ 18l (08 n] 2180 | 165
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meal.

results indicated that the comparative effects of inhalation of Tl immediately before meal
consumption were no different than that of inhalation 10 min before meal consumption on

any pharmacokinetic parameter (i.e, most B10/CO ratios were close to 1 and the 95% ClI
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e g B 2 Sk et W o e

declin@ngbnbisteat withfidherdee akmipafigent rat i ons bei ng observed 10
to 20 mn after adm nistration. Thereafter, serum

[0152] nsulAi eonoymmisem of aharoresokieetid pmﬁmemrl; fort deeurh dtsulid foeach timing
of ad"’é@ﬁﬁ?@?‘eg‘e‘f%%‘ g%oaé%héltﬁ/p?o? eaq[l] I$ 8 cg\/r/rgﬂr?s 5’%\’)\%8 ?(Pr p primary

. Rt vard ation Wt
efflcaqygmpulaym QVeaidll, she meBall . &Xp&sMIay cbén@frunm Ha&shﬂe)mnd AUC

el e e G B STt e O el gno whether
Tl wa%\gleerpb@‘gmreaﬂteammmaal (Tsbyp BQxluepmecﬁlmas offimex tswel arfd 0ffe of dosing
relativdVi Gk e, rg'émn"f‘rﬂ'\sulin concentrations rose rapidly after Tl inhalation, with the
early Tsoy, ranging between three and five min and peak concentrations being observed 10 to
20 min after administration. Thereafter, serum insulin concentrations declined, with the late
Tsoy ranging between 33 and 43 min, and again showed no consistent variation with time of
inhalation of Tl or meal type (Table 8).
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ni coti ne use.[0156] Conduct of the Study [0157] On the
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rand ned, t ee treat t arns.
o151, 2005 Y87 He 5 e Sl A TR s wer
good healths rasijudgediby physluallaxamIMIbn,fegw% ke yedrs Oocky rﬁéésﬂhdbx. 18 to

rumin nc rati ons re
20 g, oGP GREE R BRA, Dy o8 S Tt SRS @ computer
assistedoapiromietry @nd a FEW! pqualtto @r giduter thameduser pr@cﬂltJt‘éUQﬁ)rM@IS(FEW =
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2, prevalenes of hmﬁargmslni}y atitibbHies Ligstonit oftHwe@léuﬁmﬂ@ t6 traBudy ndication
t t em ( Bi ost
orto RS NPl S Bk e RS SRR 30 ThGE S, voament

with artye@tberr ipedtipatimhal drug in the last three months before study entry, progressive

fatal disease, history of drug or alcohol abuse, current drug therapy with other drugs, history
significant  cardiovascular, respiratory, gastrointestinal, hepatic, renal, neurological,
psychiatric and/or hematological disease, ongoing respiratory tract infection or subjects
defined as being smokers with evidence or history of tobacco or nicotine use.
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gl ucose concentration and the grade of variability in
the m nutes before to cal culate the glucose i nfusion

wo 210e40350r keepi ng the bl ood gl ucose concent r aPCDIS2006/012366
constant. The insulin application (51U 1V or 10 1U SC
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cal I di amet er
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obsero R ADE L TR G om0 e Sareoppiatea to e
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t after mn
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[0160]M N fnl Mis %@%d‘h@dy,sﬁhalﬁﬁg@ Jf 1t UAQIS?FéHn tsphersa‘@/lnsulin was well

bi oavai | abi | %/ nparison to 1V app
toleratedjapd wgs Pl%TTO@ﬁ ratad t@ |ham atsubelantin inleodagldeds®. IBweingseffect with a

a I
relatlvéz gbﬁ%ﬂr%lb@% 51: %5 8%, g&gg t|§ gleré?le%%e' H@ur? 2&% %é%l%%gg )‘qr% the achieved
serum fnsplify concentrations. Technospheres are mlcropartlcles (also referred to herein as

microspheres) formed of diketopiperazine that self-assembles into an ordered lattice array at
particular pHs, typically a low pH. They typically are produced to have a mean diameter
between about 1 and about 5 um.

[0161] Results
[0162] The pharmacokinetic results are illusirated in FIGS. 23 and 24 and in Table 9.
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three hours and 16.4 7.9%for the first six hours.
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[0166]st udYestaspliere®/Insulin was shown to be safe in all patients. One patient was
coughing during the inhalation without any further symptoms or signs of deterioration of the
breathing system.

[0167] Conclusions

[0168] Inhalation of 100 U of Tl was well tolerated and was demonstrated to have a
substantial blood glucose lowering effect with a relative bioavailability of 25.8% for the first
three hours as calculated from the achieved serum insulin concentrations.

[0169] Summary

[0170] In this study, the inhalation of TI was demonstrated in healthy human Subjects to
have a time-action profile with a rapid peak of insulin concentration (Tmex: 13 min) and rapid
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assess safety and efficacy of pre-prandially
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npari son, an excur sion of gl ucose
functhrb(fornedv&%@l@gwlumeanm ARoaNY fosd 6460 canacitygBiL% of predicted

normeﬂ)'f'agii' rtr%al%g)wnh-rmé%sﬁlgg lrfs%ﬁn‘) ﬂwe‘?ﬁpaﬂb%’r%%%?ol%ﬁ% b faﬂ'ndtoﬂu%ed open-

I"hsul'in exposure 1 n ndi ca
label, mpém¢cb@rtors$-@n@rs%tu@y 6hbjeaﬂ§smvbr@d theis pramhewarm[m wesds either by

inhale@MtY o@@)?ué mZ@hV%(/ér“% ﬁ@élHFenfLPér|$oorof-£Af%ap/§8 {esgecttvely while

resp ectlveL@i/ e data denonstrate
continging, the2ysusd hasah inglulic dberagy.c ube otoseadofa TBEMd SC insulin were

deterniif 4 LR a 0B h@up917ﬁ8us8fpe%a‘ gﬁ?%ogé%.%ﬁgﬁy Wetchngsp%épe‘@/lnsulm

m n neasur ed relati }
was inhgigsvsing & b&b’ogruﬁé Y sartidgsl via g handrheld unlealen. ftehen out-patient

periodPd @ | ahlcﬁ fht?%g% Mgfgltérte\ﬁ thé‘@l?& lmgﬁq}?&’ﬁgy witd telthjar SC or

pran n signi | Tprove
Tl peEmepﬁﬂsfr ppméhtmodlghmﬁ Qﬁlfmw@rwm cﬂrail purbued $eir usual activities

and diEBP5YS @ d‘é%%&ﬁ%r‘fo‘?al%‘c%‘&%l@éoségnd LB&nPRk dlin (INS) excursions were

determined under in-house conditions after ingestion of a standardized breakfast (496 kcal,
55% carbohydrates) covered with either 48 + 9 (mean = SD) U of Tl or 14 £ 5 U of SC
insulin.
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di fferences between therapies were the insulin
formul ati ons and the nethods of insulin

w@eivndsor ati on. Tl provided i nsulin Trmax thatP@i/Dbmke2366
first-phase insulin release kinetics and which

[0175@ccurwa@h méatad wmmcwlmeann subjedts deRoneraed irddlih eamver,,., of 120
effect on h Bﬁﬁl ucpse rel ease. Subcut aneous

min ifly gk Soer & 'th bwemPRRsAR. ThRILeRipc; Weh TI, subjects

demoﬁétl‘elts(d pesin-peding rraix omeu ingiel andlintbdi@t C £X B 10 p@/nq_ @%Hure 9). Total
did, Tl denonstrated a sl ow rise

'”SU|"}Tﬁ§ﬁ’9ﬁHFﬁ i%n%aeqt?ttf%ﬁtmsm CYRQ Y8 AR5 f@xﬁ@c@% eroﬂ with mean
AUC,h@OﬁédismlredWEDaﬂM: aod @GBSQJU/ﬂLel@&@edWéIyS(Pfgﬁfé?H@)nt Me%n excurSIon of

nt ar or | ost - prandi al” hypo ce
oot BEE AL oRe ot 5 s B BRR B! iy VSO b gL n
comp&)@bur Siean %XJJM&IQN ghglLiod) s baséline SRS 39 MRl 4y Al[l‘CGLU was

C ect ed, Re ular Insulin in"Subje
6969 W%rrﬁ‘gﬁ%@n 1§)o h@% thegta tignpl duepsexguIRioR gl iRalig axpesre in the
aboveANﬁNParﬁ %kﬁ}loﬁaﬁmbldﬂ@c%n@% Bflthe AbisBfbA dhadlin td@%é"wasf only about
nsul i was conpara

0.76 Ve By PR §8 5 i 6ot dato pemanmbneRdi e rgpcton (-

= 0. OOM2§3 bemalbgmbs@éx@%lblﬁbﬁd alsE3h PR |p-0). 73S Bf glucose exposure
mn) for Tl was only about 50%

over 153 53 &4 O%?g%t‘,e? gg%éreﬁ%@?éor%%*ng/ dl_ vs 9851 5593

n 0 hus
[0176g]xcuyg l'ghowgaragrgu?@ﬁsg%pgbs bnrsgﬁn AS‘% I%eagg 381 uﬁiet glasrgﬂ) to meal
quantifyi @ind de inaeal sompheitier,f retdiak Tlessultdd inhsigrificamtip éehproved control of

pos s B QU P 0L IS o) BB e o

differengrsu betweem therepiasewetey thieninseliraforefufatione Eindi ther @BOHE®Ff insulin

adminf3 erfcﬂ‘Eg;l'I E:%Rﬂ %@%&Jli@%aﬂh@ mTrblfkgE%s?gﬂlag%P@hT% kinetics
and wihigh ericyrred a(tlammeswaan MvoUd pe-ex@igd tdhaveranheffGt on hepatic
glucos@cl‘égagéngé%cupa‘ﬁé&ﬁ’sr mﬂllﬁé%%’(bvg}é%%%@ ﬁSt gd,.ol Oﬂ Spring the early

| ucose excursi ons
post-p@@d(aagew 8l naj edhibit p clear 09K’ aF diel Tlnamcdéesmensﬁated a slow rise to

d 0 S torrs
YOS\ G) (DR T b BB RS S pose o
sufficigpd ¢0 reheesenhd dsk fof late eastfpemdlzdmupqmybeﬁml d to noderate)
adverse events (5 vs. 4 episodes). Hyperglycema (BG

>280 ny/dL) occurred m)réax %gt,ségg with TI (12 vs. 4

epi sodes) - with two pat | one accounting for 8
epl Matkedly Redgeed ResttrandiahGlue poger Bxdursions Throwatkietibied

Techrilog_ﬂr %ané?i%!%ﬂnmma @?r"f\ﬁgﬂls‘?ﬁ]n gl ﬁtéﬁoﬁ%élﬁér IHQITRRE §91b|%8ts With Type
wer e conp%D*ﬁheieSthW 8 blate Reanalysimwith AINBIVA was

attr edto api.d onset of action of Tl in which
[0177]; nsu'lg IRGadIYs fie@ngial Ltalinadin expaskien (INSHAldGe0 min) was

compaka\m@h‘d)rcm ahth 6080 eBI87SE 426@%!/51 83b2viekhsoyerig 0IGH ns) whereas
baseli %\éar tt han tT ﬂuai) [L% t he earll}]/ gost randi al peri od
ase'@?n It REFIPEARHIah SUCPR SXFUESIPN HBGHA Sbmey T T T hwas only about

50% offthasef 8@@1@95& 5073RANtmbKIE v @86 UE508 hikehg/BL SPLe0882 Thus the

}1’ )Joerlo to SCinsulin.in
ratio o glucose excursion to insulin exposure in the above units, an indication of the

dig

effectiveness of the absorbed insulin dose was only about 0.62 for Tl versus about 1.2 for
SC. In other words, unit for unit of absorbed insulin, TI was nearly twice as efficient in
removing glucose from the blood. With TI, median insulin Tmax was shorter (15 vs 120 min;
p <0.001) and median Cmax was higher (100 vs 54 pU/mL; p=0.001) than with SC.
Accordingly, postprandial maximum adjusted blood glucose excursions were 28% lower with
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provi ding prandial insulin needs and reducing neal
rel ated bl ood gl ucose excursions. Exanple 10
woRiositessent er St udy of Type 2 Patients Taki ng RCENS086/012366
Tl in an Anbulatory Setting. [0179] Studies of the
Tl coppaicaes ga (e V€82 aiwdpiwkmgﬂymﬁmﬁde%e %@'%Béug"s‘&c%mlél %BG <63

I h I nary i nhal ati on
el SR SARETE DS HCRTPY R AeeRn EbeediSCHENS-S episodes)

as waﬁimmbmabﬁSJWehﬁﬁéHtléin@QQ@E(ﬁﬁlﬂ abl PBI&AR) DRIVRRRI BYEREs (5 vs. 4
14 m nutes after

10
ep'soﬁj‘?ﬁ)iaf"lm XPerg gea?\lfﬁ O?ésq oD ) PTPE ST AftPRYIth Té (12 vs. 4 episodes)

— withftivo platiefita aRnk REBbUMIng Rdr@asHsodée admi ni stration of
[ ns?lﬂalbl nwth this hlghl y reproduci ble kinetic profile

[0178] 0 arflechaasphyreSAnsutint snarkedly dlra;bret/@c‘a bag-marhdléleajlucose control

comp 955 Ml S BTl kBt o e bt
both tceatrpastsr dthisdwas éﬂ%uteditn:alramd |0ns@loaﬂaqﬁbr&l®d Tain @hive @8@lin Tmax

dt o-avail abl e
reserBiEHSusdRs sl by AR P c B @it Freptle s yisse much tower
than Tbelﬁomg;thmrlg pokhprandisheriothaint! ididc esttexhibit ttslyleaf péa)klttﬁ)sarved with

. 10 5314 A B o o ABaBAEH P2 365 B
providingperghdialdns win wasds asdredbeing @ mfated Blobd @ﬂmg@ ¥xcursions.

historically reported for SCin anbulatory use. [0180]
In a random zed, prosped@@@®lejHiibl e blind, placebo

MeBiceRler 8HidS o HYpeb Falint TL&R Iﬁréﬁoﬁé}t”r'l PABLARS &htting.

echnosphere(r nsurin In pa
[0179Hi ab&twiesralf] Ikbuqshamﬂil;cekhétldseéﬁdVﬁﬁbrhﬁh@djf@mlcs of administering

el TSI ) AP e 2565 EetneLan i (o
indicatgdahaf mex(ﬁa&phsm@nbﬁuhﬁ cfogbéﬁtl@fuoﬂl gﬁl b%Cédhleg'ﬁﬁ s el r’né’c)lan of about
ed. over ring

1010 PEFE S uREARE AR FeRHTE EBRATRR re i o reease
The aamumstrai@nthferrapm angh thie mighBmpareddddisen lahétncob@kne to ambulatory

potoniig RN BotnebatfoShg BLaced o, aed docss
Studies u$ddhcasethe elxampmélabb&é matvbeiefndﬂl@ﬁatﬁﬂrzhtw% reductlon |n post-prandial

|
st T 1 S DRSSl iy S mommn
msuhnr(zS@jogwaedefbce bhdaideth daswer afulthesiast stUBWoe(ﬂyﬂé] chfé‘ﬂ@nts taking
t ai ni ng

nde ses ed Tl co
prancig Tidy o) b 3 seiting a2 birele (S PaRumc o Hesre s homonitored
hypoglgemhlaan/as leesithanf100h of e relDercyf HisteRehIly irégattedddr SC in ambulatory
scenari o over 4 weeks. Specifically, the subjects,
divided into five cohorts, initially received placebo

[0180]( Tecnﬁgsﬁéﬁeéﬁﬁz@g Cﬂﬁﬁg&%t LGRS b‘Mn]'j hﬁl%%tfc{‘%ohtﬂ]&fé %lldy of the

al ong Wt ting 1nsul’i
forced ditretiern b prandiah MenespherePdosgilinan patierts avitntypé Qudiabetes mellitus

i R08H 34 RS R EATSL Rl 57 5ok ARl ot M o ol

admmnslkna;t@nocﬁf 6 lrtskulnargﬂargmeqnamm@ | a gorfi BRlong e wfs@ﬁ’ff)hQEV Patients
rts then cont i nue

were sg%qu% gr tl§ d’Yeet&gﬁe PB% Wpe%@@@e@tﬁ W‘?f@ fppqn@ﬁd on their

existing therapy and then removed from aII oral antn -hyperglycemic therapy and placed on

use.

fixed doses of SC insulin glargine taken once daily, in a dose sufficient to replicate their
documented pre-manipulation fasting plasma glucose levels and stabilized at this dose. The
patients were then randomized to blinded doses of added inhaled placebo or biinded doses
of inhaled Tl containing 14, 28, 42 or 56 U of regular human insulin taken at the time of each
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[0181] HbAIc levels and neal challenges (300 mn) were
eval uated at the initial visit, at the start of
wo a2nvdoossaed treat ment and at conpl eti on. ConpaPCBHUSR06/012366
wer e made between treatnent groups and the pl acebo
main grealipt thBafatiy avercedstBRE6E dcdnarib twef B afeRE CEp&ificafy, 'tﬁl@@ubjects

f
o RREI SO%tse A1y, BerEcq RIpee qPevaP e Dlapariciae wihout

any irglithht along &ithTihet SCT 1684 labfhgdinadif. PetePrPHHER Gnd cohort continued to
eduction in HbAlc |evels. In patients

e G D o e A artrer

week rte@ecddhorts Wasre Swikbedne at ef dbﬁa’iﬁf tzbau 9h$ 8bV&H uhft é B®al cohort
ins | acebo group =0. 00

reac“%@uhéglﬁ%@? ég:r@?/l\'{@‘emrﬁ% ta?%mﬁ'ﬂa% eadha sar)é@ei%e perifenemaining

eight wesksodfitietrian post - prandi al gl ucose excursions wth a
maxi mal excursion averaging only 34 ng/dL at 56 U

[0181] p<0. Wdt)leveTShmcerrmelrwaﬂmgse\(mCBmhy}wmgé yvathéd at the initial visit, at
the stﬁﬂ'&%ﬁéomégg twé?m%ﬁteg%e gf: %é% pleﬁ"%r} o grgaar&s&w werg made, between

cem ¢ epi sodes” wa
treatrrmbg@@ps aod thenslallcelvp 'tm:pgSafetyalvam%sel%ed: batigeFeqwsney of defined

hypog%éﬁavgﬁscforeg {er}gng%é Pr%ag{nel% | Y\gfe ﬁiga[) Wﬂ%p@%’y%%%g tegts including

FEV; ard Dhm th;e adiditiqyi gvfc'ﬁrto msuhrngIlaaglneo;bror:laa‘:edeathSMdériibrfdyémereductlon

ST R e —
0.79%1 grzaagrethen #iat| obeahed i ‘rectmmaxmmergaelrg)dd Mgatebo HeoupC(p=0.0002).
Techrﬁgﬁﬂ é@%gﬂlﬁpa@??a(?q El NGl ehc.ri]e Anag)L(i)(ggﬁq lqa-ﬁf)g[%‘?rﬂéi% glucose

nsumlna randla gIITE
excursigsr wite At aximal famtmloe‘aabrlagingmnl)om InogYg tat 1561 ¢ 4p¢0.0001). There

were hcps :r)éé g lse(?gelwreﬁl? teéi@? %}ﬂﬁkﬁ% ﬁ?%uejmy aglnaﬁg'g?q%ate hypoglycemic
eplsoqeﬁg/msi notan@egg%cbapwthat\mmbg@(cs ph issulia gjmgmaradsrw .No changes

N T e e e e
Thus 'Bﬂ@eﬁfﬁh was e ite imgrové the glypami2 cintibledfesatiehB1818] type 2 diabetes

WIthouPﬁq(gf-e%gfn i bk W"&Qgé}ﬁga es ( 111 subjects, 18 to 80

years o age; % and 11.5% were enrol | ed

in a random zed, open | ghghoetidy to receive Tl or RAA
as neal -tine insul ininaddition to basal insulin

A Menth Gomparisen i BrpgelRiabetes pf iahaled Techmesphere®indili to SC

Admin@ste® #apld-Adpd IhduinahaRELELE PRl 11dien ia&éﬂ*?'ar?dial Regimen

i scretion. asel1ne, wee
[0182]st anTlis chtacejdramentsembsmm%@lmad ldftl@ﬁb ie‘ﬁnaéiﬁﬁ%ﬁm patients with

oo 1 SRR AT 200l a1 B i s aseogue

(RAA, &lcablogPleds iancdrmpdraigr. OLmswoths)mﬂgﬁ&jfltmsa%v&rf‘é@hmcanﬂy better
ur3|on re ohserved inthe first two

P OStpr%HTlEﬁ gwﬁi(g %%’Z?%H@ai‘ PSHliphevegr &t MiBciBi RatiggtsTwith type 2

dlabetesnsul in conpared to those who were dosed with SC

ulin. Over the follow ng 3-4 hours, glycem a was
[0133]rm| n'?%tlefﬁlé?dwdh deee d olidketes (e subjests; iontdt 8@ y&arsgofoaye; HbA1c =

7.0% s {€5ds) RelP¥hbastth S ankomL8§ &%B'léelgetl 3tudy to receive Tl or RAA as

meal-time insulin in addition to basal insulin (Lantus®) for 12 weeks. Titration of both

prandial and basal insulin was permitted at the physician's discretion. At baseline, week 8
and week 12, standardized meal tests were conducted to assess glucose excursions over
300 min (420 min at week 12), and HbA1c levels and lung function (FEV, and DLco) was
evaluated in both groups. Lower maximum and total glucose excursions were observed in
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receiving rapid acting insulin. No significant
difference in HoAlc | evels were observed between the

w0 dvetiedsat ment groups. The reduction from basePCHESUWA6012366
0.83 (1.1 1); p<001 (rmean (SD) in the Tl group and

the fn%t 9/90 6dur8 fdllowri a Qdndabd Fiz@I B AL Rré@F RICIVIMG &M »compared to

no statist|cal difference between thge‘gr oups

those( Wh@ wegg) dosgd WHla SGnBsylinne Ovebdye VRlloying det rhentse dolysemia was
mamt@mé& cﬂo%e-?ta)bdsglméﬂefvél% if lth&® TP gRoupht 8l 'bblob\)"Séseeﬂﬁg% IF% patients

in the group receiving SC insulin.

rece'\ansf F%?‘%r?&&')‘%@?g%%n Ne sigiionas ddferncein ddpAic levels were observed

betwetinGitief tveardatinBmt grd&%GThe AEUCHBY AoRTBASelhE was 0.83 (1 11); p<001
ucose excursi ons was observe

(mea§ (8Bl e Faraii g 00 G975 arpada 15 staip raasRingsEC RAA, with no
statlswtd?ﬁékﬁﬁ’éea'beﬁﬁ‘fé‘éﬂ ih@rg&%&'&)sw L4560, W@Sth% ggmmﬂnél- HoBY weight

t ot tp I
docregogt 350 1,12 42k Ko (PATERIONp. VLS 1DBCTPaRR By P.0r 1921 g imthe group
rece@itASE G ulin MR difiéidhbe betiveBAMro v@’éivs@ét%%cﬁfyfsﬁ‘é{l&aﬂp(ﬁ— 0.0016).

ulnnnary function were seen after 3 nonths tTeatne
An 'rﬁ RGN i Pesipransial -kjoess glycope pexpytpjorsowas| obgaived in subjects

receiviyy @V s (Bmb3rad f&RlAEQSMdeQ i réh(ﬁal)exca%nf 8f visk 38 was 0.92

)
mmO'ﬁe@bﬁé&?véﬂ mmﬂ?(érferr BAE Tha tat)aba@%tpvaﬁﬂ@heltﬁpse elgvatign (AUCeLy)
was 9617 p@brioftndin Wok It ¥ 4bod akledigSmid eraRad. To V@ﬁ/ef%@ effects on

at |t to SC adm ni st ered
pumcBB R el P BUen Smongrs EeHimionh JHRATSe pebl bwssct0.064 |
0.189pfr Thamp®. d?rzqm 1935 RJriRAA (RAISE h. 4. afdMbrWlichbe1.62 (3.29) and -1.094

(3.08) @ig&?{) aUhng ggspg)éﬁ\zqrha’: grevmﬁé glgtse;a asgéﬁp?aar}r«}igm@élgseﬁ in patients with

type 1em9usaé§nmalecufa|nha§ &£ 8pStbpridls bRsH8ieSto ST 8RIHidi&ed W%rowdmg
uI ar vvel k reacti on conditions, and so

simiaf,3ual SHPRBICHEL (SRITOR0 ARNENGR fremapaseliss BBATC) fo RAA whil

post—pﬂé\ﬁtﬁél%&@ﬂdlo%w@ﬁé signimeditfiead. in all instances by the
term "about." Accordingly, unless indicated to the

[0184]:0nt nless éth@r\/\fﬁsﬁmfdl&@éd RAT ATEH RS Sexféﬁ-;tssfngrcﬁﬁhnltlfbé B ingredients,
and attached clarms are

popelgh) b B baeh AR sl TSI B E e i

spemfd:eﬁcbrr et plaippesriel tGSDeStmd@FﬁtoddOaé)l@elﬁ@hﬂidm%@ nb}éllmé@ances by the term
venti on. | east, and not as

s SER ) B el S S S P e st o
the folksyungy abaﬂftcstl(broah@ attsctRaeldhhs bheasprakiffitio R tat %W&bﬁ@épendmg

shoul d at | trued in |ight of
P e it et ot i
least, andlhotesyarr ﬂmﬁbtlﬁ@llmﬁmmeﬁmnl‘@tw dd&ﬁﬁr@?ﬂ’leﬁﬁlvtbiéﬂis th e scope
or

o e RS G AR0ES A0 BREBTEAST A SELU 0 oL LG L e

of repmmmlgmﬁd:an‘# dlgite and &l efp@fytrig driinbfyeroRaed fédhn@&éﬂpl\l@ﬁvlthstandmg
eported as

reci a I nuner i cal
tht g e R Bt Snd RemEeY 5o Tai (e h o GEp A GpPErd i mvention are
approxieatissarthé ywunesighlt valges setnfotth en shanpakitlc @&Mh@te'soérglre orted as
e gt ] BERERA Y Feh e AR e R Sl oo
necesseriyd resultime feant ¢hd gtéindard deviation found in their respective testing

measurements.

[0185] The terms “a” and “an” and “the” and similar referents used in the context of
describing the invention (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly
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describing the invention (especially in the context of
the following clains) are to be construed to cover

whoioh/1035e1 si ngul ar and the plural, unl ess ot heP@i/BE82006/012366
i ndi cated herein or clearlycontradi cted by context.

contrdfuted by comtextf Reaitg® dffrangebwsalles Rérin is mMEREIS itended to serve as
rt hand nmet hod of referring

0
a snol gl nather ot acie Segalbiba0h sEBrmia Yalvey Hine I fhs range.
Unless @ﬂWISéJﬁﬂd&%edDPﬁéteih\/\e% |h6||di'd9éllt\ﬁéﬂ1d'(§lirﬁ:beor§c@§ fhto the specification

ndi vi al u i ncorporated into the
as if 'EHSEGI \‘“ﬂ K\hr ﬁeqi ?‘efe('n wéﬁ &ngtheds, deRsaPed hetsin saybe performed in
any shieatge ordef Unieset dipslwiste melcaRdnhdiemebmotaivife cfé%ﬂ{/ QbABSHicted by
y suitabl e order unless otherw se indicated

contel st o erdilexeriie) 9" @xsrianlicaoe o8 ortexes’) provided

hereinTig mtasdbd)fnewwto&m&ealllbmﬁ?é@éTWeﬂﬁverﬂbn ax & UBE S hit ﬁc%@%ulﬁ‘ﬂl%tlon on
r QVi herein is intended nerely t

the sq5Be R nS TR HeG BTV PRTEAH | DR 18FeaBds o Epgsblsation shouid be

construedat dtdicating Bny hén-slePis SltmbhtadsBM@Ntd Hid d?é&i%é‘&‘ Fh% mventlon
cl aimed. No | anguage in the specification shoul
[0186]: onsGraeeingss of amroaﬁwengeanytsnmnembedlmedtsebfemenhventlon disclosed

he inventi
s RSB e RS ol o TR AL s e
C|a|quhéldi\/ﬂﬂk@ﬂ! |cmnmdat$y: lcombihakien evith ather naémbersbef m@tdupedr other

elemeﬂ% ﬂohﬁ% th%?é Pﬁ%lj t§djg}e{treoﬁ%e§1rym8g b(?aﬁriﬁ(?alfrgrﬁ B grﬁup may be

lnclud@q e pr ﬁ@lﬁt@grf@nmfa gm)ep deraepsans aﬁt:beverﬂremﬂ&arfpewfntbbmty When

any SM ﬁfcf&snohtor' el 88U fiéagﬁ%etﬂet%%&ﬂ |%g? lrg J‘mﬁ%'gﬁyﬁ %{Jﬁontam the

grou e I NC
group faérmp@ %@ﬁwso‘ﬂlﬂ&log\xbﬁwmtee desarifgionpaft ainbakkush tayoupdhesed in the

appen@éﬁ’cl%?‘r@ inclusion or deletion occurs, the
specification is herein deened to contain the group as

[0187]”00“ Preterrédembbdimkhis dfrt‘lgs ?rf\‘/ﬁnﬁ’&fri ér{e%ggrg%gmae?&h%flgagg he best

I rkush ups used in the appende
mode E’?%’Y'b G Kg ! ‘@%@R{F VB Q%ﬂ@.e inveetinn. oAl epwselesdalidrsdn those
preferr’eer@hbbdmnaﬁtlsu\ﬂlllﬂﬂacbhfé Eﬁﬁéreﬁﬂ)fdﬁtﬁﬂ%@%’f Gr‘alntaﬂﬁ sklﬂvﬁ%graﬁ“{ upon

arr out the invention. urse, varl

r ead'”%ﬁ{‘? Jegd 69 Hes IR o BRRITHERIOS a)spﬁqzts kfé&lédearmﬂ@artemmploy such
varlatldri%Qfs%mbf'omfaCB RAl Yhesﬂﬁk/éﬂltoﬂsﬁntbhg fétfthe MQQﬂlJnQQ%bE)g?cfnggd otherwise

[ The inventor expects s
than S%‘?Cﬂflcg&hagﬁcab% P%‘w sOEFPrdingly aihisoRverdien dnphdssrallanedificatidns and

equivaldngs bNwRNEWEct IrdtRtebitdd el SRR A nBQd berdb ! héihiftted by
e than specifjcally described herein.

applicaRler Bt giegVen, ARL CompiAteDH ﬂ“ﬁ@beu%ée%ﬁrlbeﬁ@dﬁmerdam ahiossible:
varlatldiﬂdthemr Véibﬁéﬂrﬁpéb‘seﬂhﬁ/ b @& ttioRRidI&Ys 61RE | CarH}:eaﬁefbe herein or

t tted b
otherwfos i B REAIE) R PRI on bf {he. above- cpplreant
W”“ELﬁEﬁLB*J%&"@Q@""’ PR, JRFieis Bhv et afoiia patents and printed
publiceitioni tuowghobbthés spemificatitrer Easie oﬁhl%allacweCd?Urr@fB@ﬁc%ﬁ M printed

t h rences have
publicaEK &% rereif HdtAq Y ISl hY EISHs68 i et e’
[O189]t thHQJ&H{g Ft@t%b%ﬁﬁﬁ'e&ét&&{) hQ%e%ﬂ%d%e&tﬁSf tﬂQ?r‘]’v%nFon &Sclosed

references and printe |cat|ons are herel
herein prgdiiystrativa eithe ﬁ&@‘?'@léﬁé)f mgsentinyeatinre Qfhet hnedlflcatlons that may

be em@Bed &leYwithin the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in accordance
with the teachings herein. Accordingly, the present invention is not limited to that precisely
as shown and described.
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[0189] In closing, it is to be understood that the
enbodi nents of the invention disclosed herein are
WO kdoggossat i ve of the principles of the presentPCT/US2006/012366
i nvention. O her nodifications that my be enpl oyed
What dg @aimiedhs:n t he scope of the invention. Thus, by way of
exanpl e, but not of limtation, alternative
configurations of the present invention nay be
utli | i zddeiuge af:mmdalhc@mmtshiohhretheeaamufa@eremﬂaehéulcament for use

. ' t {.
o ne SO0 R e L R b
suitahlesfor mulm‘ﬂmerytﬂrhénlolfstramnl argius uaed:mm&butatlon with & 1beg acting basal

ment for .use in the treatnmen

el R YA oo iATER B Bture s Heha Bttt PabET Bleec
disordeh whc(ﬂn‘ptb‘@umcndmnce@f sliriidzdip rete famt Il bosipranglial hypoglycemia is
ggnmnistration and is used in conbination with a |ong
acting basal insulin for reducing postprandlal gl ucose
excurs e
APsor dahe ups Aabra IS Ot ey 3 hablV 558 Fands aspimsterec
in proxienity tpbegipriamdi rabalhypogl yceni a i s reduced. 2. The use

according to claim1 wherein said insulin conposition

i 8. adniThe yseaearding fir daimmd whetein baiginsolimgorpositizal confrises a
complgkﬁe%%n%%@t%ﬁ n@@raﬁlﬂe ‘éh&'hm‘nﬁ Wiggg n said insulin

conposition c a conp [exDet ween a

dis ket opj,pgER E)

accordi ng toé&#ﬁm g’ﬁﬂﬂf@?ﬁgéﬁé ddie %EE$§?SH£“@¥
diketopippeazife. di ket opi perazi ne. 5. The use accordlng to

claim4 wherein said insulin is adm ni stered by

i rhal af PeHsHACEArding tdlsioet whereinTsaid inselinais edmiiistgretddy

mhalaﬁérﬁé@b%rﬁﬁ‘tﬁ&d‘e‘rn said insulin conposition is
adm ni st'ered from approxi mately 10 m nutes prior to

begi nnirR@usk é@,%kdﬁ toA X
begi nni ng a neal ! g e ugvg%ﬁc%arlégﬁﬁmr[]égnﬁosﬂoﬁgadm|n|stered
from %Rﬁ@%énaﬁelgépdmnwga Prier-tedleginaiingd meelde rapp@xmmeaeletsesnmutes after
begindi®) 4infdap. 8. The use according to claim7 wherein said
insulin related disorder is type 2 diabetes nellitus.
97. TheThsSasedseBfdiid® dfimCl whéFeih é’mﬁrngbl R disorder is diabetes
i nsulin-related disorder is type 1 diabetes ne ?IFUS.
mellitug  The use according to claim 1 wherein said
post prandi al gl ucose excursions are |less that the

post pr HIfIHSH 2GPidissle datmur wieiaile seidioptlinTglatedodiserderds éype 2
diabet&$ meMieuUt aneously

reduc

9. The use according to claim 7 wherein said insulin-related disorder is type 1

diabetes mellitus.

10. The use according to claim 1 wherein said postprandial glucose excursions
are less that the postprandial glucose excursions resulting from a dose of subcutaneously
administered insulin providing substantially similar insulin exposure and wherein the mean
glucose excursion is at least about 25% less than for subcutaneous administration.

11. The use according to claim 1 wherein said postprandial glucose excursions
are reduced from those produced by treatment with an appropriate subcutaneous dose of
insulin alone.
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adm ni stered insulin providing substantially simlar
i nsulin exposure and wherein the nean gl ucose

we@xmaneison i s at | east about 25%1 ess than f orPCT/US2006/012366
subcut aneous admi nistration. 11. The use according to

chai m Thehee ectorging t BIERH PRMAFLR Ot HRRASY @p@"pwoabg Bfsaid
d fromthose produced by treatnment wth an

ciniodlly 5o BATH ate PoSBERN B AGShEBRE TP rodHea CATRAtSHAD fDaians with an
appropfgteatboltghatlisidase beinsulh ey, ei n the frequency of
epi sodes of said clinically relevant | ate postprandi al

hypogl yeernise oﬁé@nn@&lﬁﬂ@‘cﬁﬁbcﬁsﬂf@iﬁﬁrﬁ i3 rh@ndfé&aﬁerm atmém&émém for use
dose of insulin alone.

in the FRBIGER ofp Bafiet adhia LD sBIeIecdirerieT WS i S TpRaRtion s
suitabt fon pm&djn@ﬁ}r@ﬁﬁml‘sﬂétldms@\dl i8 ub&EintdoRfinEEBh V\ﬁltf\ aao@@bbtﬁ@tbasal

| %@i [ nsu{ @d{ﬂ? E’Bed di sor.der. wherein
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disordefchridsvheseid tm@pa@ﬁbs ol ik s@ré fms RS ] Ng<\PBIRurs) does
ucose 6xcyrsi ons

insul.in for d ost pran
not sl pEhed ok ol RiA aphramiatdatimuiieaus dosf nsuiin, and
whereihpsstprandiBeglpédse @xtirsioh® Rldutégul i N exposure

(1 NS- AUCO-y, 3<y<6 hours) does not substantially

exdeed Thbate ptanding b ExinAN3 ApBcAPihbdisk oflABRCHESASIEAIEI
sulin, and wherein postprandi al gl ucose

hypog&ggwasﬁsdwﬂngrqaé%(zed 14. The use according to claim
13 wherein the risk of |ate postprandial hypoglycem a
i's not increased.
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