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[0009}CT/\He2006/0d364tic p-cells generate an early response to a meaklike glucose
exposure that rapidly elevates serum insulin both in the portal circulation and in the
periphery.  Conversely, defective B-cells, which have an impaired first-phase Insulin

response, generate a sluggish response to the meal-like giucose exposure.

[0010] Increasingly, evidence indicates that an early relatively rapid insulin response
following glucose ingestion plays a critical role in the maintenance of postprandial giucose
homeostasis. An early surge in insulin concentration can iimit initial glucose excursions,

mainiy through the inhibition of endogenous glucose production. Therefore the induction of



a rapid insulin response in a diabetic individual is expected to produce
improved blood glucose homeostasis. [0011] In a normal individual, a
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leveis gradually deteriorates. If unchecked, the dissase can progress to the point that the
deficit in insuiin production approaches that typical of fully developed type 1 diabetes.
However, type 1 diabetes can involve an early “honeymoon” stage, foliowing an initial crisis,
in which insulin is stilf produced but defects in release similar to early type 2 disease are
exhibited.

{0015] Most early stage type 2 diabetics are currently treated with oral agents, but with
fimited success. Subcutaneous injections are aiso rarely ideal in providing insulin o type 2
diabetics and may actually worsen insulin action because of delayed, variable and shaliow

onset of action. It has been shown, however, that if insulin is administered intravenously
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3 WO 20061105501 PCT/IIS2006/012366 with a meal, early stage type 2
diabetics experience the shutdown of hepatic glucose release and exhibit
increased(ﬁ)hysiologic glucose control. In addition their free fatty acids
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insulin secretion pattern of a rapid spike in serum insulin concentration. Since the discovery
of insulin, alternative routes of administration have been investigated for their feasibility in
improving the pharmacodynamics of the administered insulin and improving compliance by
reducing the discomfort associated with SC injections.

[0019] The aliernative routes of insulin administration which have been evaluated in
detail include the dermal, oral, buccal, nasal and pulmonary routes.  Dermal insulin
application does not result in reproducibie and sufficient transfer of insulin across the highly



detail include the dermal, oral, buccal, nasal and pulmonary routes.
Dermal insulin application does not result in reproducible and sufficient
transfer of insulin across the highly a efficient skin barrier. Effective oral
insulin administration has not yet been achieved, primarily due to
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redudheé composition is administered by inhalation as a dry powder.

[0024] In another embodiment according to the present disclosure, the insulin
compoesition is administered in proximity io beginning a meal. In one embodiment the insulin
composition is administered from approximately 10 minutes prior fo beginning a meal to

approximately 30 minutes after beginning a meal.

[0025] In yet another embodiment, the insulin composition comprises a complex
between a dikelopiperazine and human insulin and the diketopiperazine is fumaryl

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



5 [0026] in yet another embodiment of the present disclosure, the method
of reducing postprandial glucose excursions in a patient with an
insulin-related disorder is provided comprising administering an insulin
composition in a form suitable for pulmonary administration wherein the
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comHieagNEEHERIASHAS, ar{“ﬂﬂ}ﬁ@dofh’fMHC%Mﬁ?@ﬁaﬁgﬁﬁé@\ﬁf%rﬁéﬁui@&ﬂ? and

in ¥ gent with an insulin relgt%d disarder being treated with basal insulin

fumagfprowggg%’g%n&g\l S AN B RAE He AHERR YSTRA dBRpGSRIS of clinicaliy
relevesim [img SieiaTaiain SHRAKY @it &y refiketobipdrazine innprostimety tthe insulin

combegioning Amesiersdetein Aperingidance: of gliniealrelevantldifing a meal to
apprBﬁﬁQtrW%@mm?e%lyg%p '%eanrl%gn%cedmeal in another embodiment, the insulin-
related disorder is diabetes meliitus. In vet another embodiment, the method further
comprises administering a long-acting basal insuiin.

[0032] in one embodiment according to the present disclosure, a method of reducing
posiprandial 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 ciinically relevant late postprandial hypoglycemia is reduced.



[0033] In another embodiment of the present disclosure, a method is
provided for reducing postprandial glucose excursions in a patient with an
insulin-related disorder comprising administering an insulin composition in
i..Goe%ifor swtabbe for pulmonar administration wherein the patient's total
suli Wi// 3yB8 HEEedtscistsubstamidtiycexeepdbvided  for
redittiag prostpcediby gnmprma@cs@bﬁu@mmtd%m OhANgAlIMnaB/ed disorder

. | duced. In
oo SN mis e SR oyl oy BhBtigronary

admipittatreaaerejndha RE KRR Aty t@éhb%@@éétetﬂ&%r@@@vm&@w@use does
not siskinsliccempasiipriudtesyan @Eﬂfrﬁﬂﬁ@@ @m@%mmﬁ b’ﬁﬁdﬂm and
whe!BR (FRRIPENLEQT ghauentwith.an insulin égua ted d %ordg %’Vﬂeé%% iment of the

composition Is suitable for pulmonary a m|n|strat|¥)n an

melininaRoA AR %PRSW@%EH@/%W%%%W%W postprandial
{GOI%HFOS %PCHE '%'%Hé %BQI#F% # %}dO%léléntﬂg %% oﬁd'Sﬁr%‘SLsYM eorr%%smon in

the incidence of clinically relevant late™ postprandial hypoglycemia is

the f@ﬁﬂé@ﬁumfw@smﬁﬁoww fhﬂﬁewwm@safmms@wésyim -related
disctiepiciadhenmieasurapaehival Brstiphmsddnsulindeiease dﬁtn@tr@sdﬂlwn@ used in

corrﬁ)rﬂg&é)%l \ﬁfﬂﬁn I%Hrg%g}/n %5?39"‘{58{ fHPf}é%'SzElhéOS s@%@é? %ug; e(§é3ur5tons in

serum Insulin concentration aftera ministratio cutarreous
2 PREBUA Y HumRa R THETTR 'Bied CRRsteictiRg M il (ReYRI6EM). Nibiselugreiavast late
postragistiargsbitackeniark ety Nordisk Pharmaceuticals, Bagsvaerd,
Denmark. [0036] Figure 3 depicts a composite of time-action profiles of a
variety of forms of BriedadernaKibg oP fiperaantisiblektar, Alkermes,
Aerogen, KOS, Novo Nordisk/Aradigm) and injected (Lispro SC) insulin
1003¢hm d.ﬁ@%ﬁﬂrﬁawaﬁéf@@eﬁme@wj hvipNRE8dnEWY Wisos: doetiopiywing
artifif8 3T igtive gy depictgitibeseiatienship over time between serum insulin
concentration and glucose elimination rate, as glucose infusion rate (GIR)

[003der &'GHIRos? cRaRIE Sorsg 4st- Rty smﬂ?sl)ﬁgﬁ?mﬁ%@?@ ation  of
subdobuniaoyS G mdgalpulmorearinsiinpovEde fastsatimoforsatitats dwelitlh Fmakyolog ™
is a AKRIGRIDSARNRAT SANBRS RBRISR RSB J haas ording de e deaghings

of the present invention. [0038] Figure 5 depicts incréased postprandial
(0038l cos&ghraiFatiopidsy aT cenmesiih@fctinaasiion4sadiay) vlessusrigty of forms of

mhaiamcmgﬂﬁ@nwb%@ﬁmmmemnIN@@&%@SA&M&A ROE R i ndivBRAlRdigm)
andvyntg e 2 dlab§ s;me I|t dln tr%atgleﬁg% chlngﬁ of thg ‘?? %nb D

inver en on-75h é’? ures eplc COMPAEORS in mtraipatiedt” Va5 &
4: 2%3%3@%%% GIR (Flgure 6A) and insulin concentration (Figure 613) in

{Ooﬂﬂf'v' H‘-‘?é%éé"&h g@ E:%rgh%%#% rl%%eg gePLPn{]i]rsx L{eac%ncentrahon

bcutaneous S ulmonar Insulin accor t
and gfucose efimination rate as glucose |n usion rate (GIR) under a glucose clamp, for a

fast-acting subcutaneocusly administerad insulin (SC) and a pulmonary dry powder insulin
formulated with fumaryl diketopiperazine (Technosphere®lnsufin, T1) according to the
teachings of the present invention.

[0038] Figure 5 depicts increased postprandial glucose elimination for
Technosphere®insulin (48 U T versus a fast-acting subcutaneously administered insulin
(24 U 8C) in individuals with type 2 diabetes meliitus. according to the feachings of the
present invention.



the present invention. [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. 7a WO
06/105501 PCT/1JS2006/012366_[0041] Fi iCLS . ,
10038 BB AU B G 2 B SR L a1 iure o8
and ifradimderterirEirTtiowpeD MdpebduaieNitis Wit r SPRRIRSrAGI Bl garious
time Yohit ireepedingdethestepefingsredibe prosesilinventnimdo4a3 Egoregs of
h gA'gnf%qga%tﬁbPOd insulin (Figure 9A) and glucose levels (Figure 913) in
© Rhgiviadale Witk type 2 diabetes mellitus after administration of 14 IlU SC
roodimsulin pigd&4) 7H-merpidingdonbarteachingssofithecpreseationvéfigore 7A) and
insufOABLIgHTE 40 ARRICHE e MRIOVRARRRIA0 Yo iSO BXBORMI NS ot

sim sulin'exposure i individuals with type 2 diabetes mellitus after
aifegRTRRNBR oF HAT0 SO TAIRFT IS B EEr GRS (e RERngecsron
the present invention. [0044] Figure 11 depicts maintenance of the effects
of inhaled insulin on postprandial glucose levels after three months of
insulin therapy in individuals with type 2 diabetes mellitus with TI or
placebo (PL) according to the teachings of the present invention. [0045]
Figures 12A-B depict total (Figure 12A) and maximum (Figure 12B)
postprandial glucose excursion in individuals with type 2 diabetes mellitus
after administration of Tl or PL according to the teachings of the present
invention. [0046] Figure 13 depicts the dose effect on maximal
postprandial glucose excursions after administration of Tl compared to
the assumed dose in a control group (Control) in individuals with type 2
diabetes mellitus according to the teachings of the present invention.
[0047] Figures 14A-B depict the insulin appearance rate over time for Tl
and endogenous insulin after administration of Tl in patients with type 2
diabetes according to the teachings of the present invention [0048] Figure
15 depicts the relationship between insulin concentration and glucose
elimination rate in individuals with type 2 diabetes mellitus after
administration of intravenous ()V, 5 1U), SC (10 IU) or inhaled (TI, 100 U)
insulin according to the teachings of the present invention. [0049] Figure
16 depicts the levels of C-peptide after administration of Tl or SC insulin
in individuals with type 2 diabetes mellitus according to the teachings of
the present invention. [0050] Figure 17 depicts the change in mean
glycosylated hemoglobin (HbAIc) levels after 12 weeks of administration
of Tl or placebo in individuals with type 2 diabetes mellitus

7a



according to the teachings of the present invention. [0051] Figure 18
depicts weight levels in individuals with type 2 diabetes mellitus

W%dm‘i'%jst&red Tl or placebo (PL) according to the teachings of the 9&(}9&%@% .

invention-8 WO 2006/105501 PCT/US2006/012366 [0052] Filifés
A-B it TelgM) d.as.f expiratory volume

e B P R R ot gl nation
rate {5 Dk MRV FG D Mo SRRt NG R CRATERISTalg AL of Ti
accaadicgriintetizthbitgaching prebdhearpeesient invention. [0053] Figure 20
00 pictséhe stug schema for the clinical trial disclosed in Example 6.
1004 554) ERHIRS S SR Rt B ELED e 2P lbtsesgnirsbe (Flaure 98) n
indivigiiede miitatipeve diake tim ottt afiererdrgrestpetifte badmibistatieaipf 3 48 U TI

accoMifl PrisPealerisine ) (hiowe ke, ypercaloric meal (Figure 21 B)

according to the teachings of the present invention. [0055] Figures 22A-B
1004dkpict e Faskliriekislcbrdnsempedinmsipraoticbiration \rsssrdimetbysimilar
snsuzlreagmaeutegrmma:ﬁearadm&n?%gﬁ%ﬁé%aﬁé’li&g‘aﬁ@@éﬁrﬁﬂ%ﬁ%ﬁﬂ%ﬁﬁ U SC
- r ric me igure according tq the teachings o
insutfé: 43 @TMB@J%%{S[@S%%?&%% S0 é%;iggaa%%i

the present inventio es ‘¥fiean blood
[C04dlucosEitpvels (FRignices 23 ondbepeptiie devels ?Fiigna@ead%%)m%{%ﬂm@tpmndia;
iucadten inkRtFaien.0 Cor Tl insulin.according to the |
- eaclﬁ?rgg %ﬁﬁe pres@rl?té 'idr%e%ﬁig;% lrggg%%%ﬁe? %’,&%@isdé“gfgtqg\fﬁ?cgsg‘abetes
el PRSP B R T A RE G T e )
[oo4eyer timguwaien Alminisiation o (rS e i Ingsdl rding 10 «
lucéélg éeg&ﬁsgn s af Hne 3 %%lse t il?/el-lé{t'ir n, g&%ﬁﬁ%ﬁ%@%@ﬁéﬁ%ﬁ) randial
S fior to Setting forth &aesiwggrﬁ'i%%, it RRRFS5mRHE AEep AS\RERistAtion of T1 or PL
accoyfinefethsdrghbscitiin peersstivaeniitibe used hereinafter: [0059] Dry
wdeg: As. U in,"'dry powder' refers to a fine particulate )
mMEQmpq@iﬁﬁ ?ﬁe?’gl %%3 gﬁs%jegﬁ ed {gr%isrggf\(}@(% ir?%ﬁglrSBgﬁéﬁf%%?ﬁ&’f%‘Fs'ons
after FHEIMgREON & AdtGeeasrem tmibsy a5 eumeslelesabisencwutielignaterControl) in
indiviteeculiesty[@0BOlabarly phangs Azoiarg hefieineaaiigehas srlsssieViBGion,
4@? m{p,lood insulin_ concentration induced in response to a meal. This
[004£L 1y i8Rt FEBEONEE tinaUife APRE SEMRInTS referreime d&r T! and
endofiiequidiseifoeBd] dexunistiationss Tsechhasats Wi es D RIS BAAY to the

teacll4EasarROREE Bt that fall either above or below a pre-meal baseline
or other starting point. Excursions are generally expressed as the area

[0048hder theticurie ¢anics) dicapletoishiodskgrecosipmiier timeentdsiChcanibgiucose
elmisapessrdrim aivalias Al 2|6 Aame RSiAeSRINEi kRN Allbnous
'{JV, % mvé?a% r{?ﬁ 00% S{%\\I/ ﬁle%a(sﬁ I%%?%éﬂﬁnaaggg;d%% faonthe? tee%%f%\ilnegsa [)ef?he presert
INVErion,

[0049] Figure 16 depicts the levels of C-peptide after administration of 1 or SC insulin
in individuais with type 2 diabetes mellitus according to the teachings of the present
invention.

(0050} Figure 17 depicts the change in mean glycosyiated hemoglobin (HbA1ic) levels
after 12 weeks of administration of TI 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.



subtract the negative AUC from the positive, while others will add their
absolute values. The positive and negative AUCs can also be considered

wiSPRLaely,More sophisticated statistical evaluations can R%%ﬁg& I
some instances it can also refer to blood glucose 9 WO 2006/105501

[005BICT/LIS2Q66/0523660g0nConiration thaltiss, osfalboutside af&%eg‘aéx iratory
volufidnge; A norm%l E 9? g_Jucos ncentration Is usually between 7 and

_ T%ﬂ mgrdL from \Eas ind%’&\%%%gﬁr\%g%r?ﬁgn‘” %@aﬁ?ﬁ}&(%\xg'%ﬁ?@a?@) over
time dafrigrasnieaipia deke-thainclled shiral iy willing 40062 FirstRhesenings of

the phssusaehaarein, "first-phase” refers to the spike in insulin levels as
induced by a bolus intravenous injection of glucose. A first-phase insulin

[0058d e as & gHIfAaPIEIS BIRE WP RAGE MR Tinheorinerst tibo Hithis st dnrEpathple 6.

ak whi d tively. guickly. JO lucose Eliminatign
e e R e TR Sy kR on versue
fime g FGaaeh B SRS ARSI AG TS ardernfneaisyietineaiibimre21A) or a
nypegtatosenaHiuSignrestiiiect dordimajniain stablerlootgusesenaiiammipund

0 mg/dL duyj study period. This glucose elimination rate is equal
100558 o gfa%?ﬁe%gﬁ%&ﬁ}eaB%%%l{nﬁfa%rf'ggt%merfmmmm?@qayr@r@ﬁﬂa:versus
time Ry trsatnestaimuhyiergigodnsisttisradiighendhansncarmad fastingriglend24) or a
pstiRaRa N apifalas) usialli b0 Mt ARBohand D SOme LIRS

hyperglycemic episodes were defined as blood glucose concentrations
{{ms@icee iHYreBEghatepis. tinmpa00es] Biisosty EuatialFAmiesesiherepeptide
levelShiimgly ceB)iales trevsatthamineiraabhleos), Aucase GRRERAY 1AM according
to thé‘%@%'ﬁ‘ééf%&%%éﬂgl%ééan)'- Clinically relevant hypoglycemia is

defined as blood glucose concentration below 63 mgldL or causing patient
[0058) mptéigsrsuch/dsthypmtiohigiutiush aidsivealkaessrigatarerecegnizash insulin
concay e I | | i opriate.calori¢ .
niak %“2&%%;%*? e e B D I i i
accofe'&ﬁi?% ﬁlﬁégaﬁhﬁrﬁ?% dHESYItByER M fusions, or help by another party.
[0066] In proximity: As used herein, "in proximity," as used in relation to a
meal, refers to a period ned ERjéginning of a meal. [0067]
005% sulin Composition: As used herein, "insulin composition” refersto any
E rm of 1RstiRCSUI L e He ISt dtiBiYPa AiRfhigl RAWdA@0 dweerstanding
of ceffinlierise iaed ovilbm usethiwralsafircombinant insulin, insulin associated
1005 ith ot@er rgog%({:,ulﬁg gn% %Iso,in,p udes insulin_administered by any route
including pulmonary, Subcutanecté, FRYSE, SPEF bl AnamarigusiiRgaaposition
that if,8pliRUSERTIESIM NisEalMagdarmiakakrhhsamjepowdérsr daiuédsisiot meant to
implysohtinpistiosb Hnatation; Radelafsoikiions for subcutaneous, sublingual,
buccal, nasal or oral administration and solid dosage forms for oral and
[oos@ublingﬁglﬁ’éﬁ}?ﬁﬁistl%i(yﬁ.ed herein “early phase” refers fo the rise in blood insulin

concentration induced in response to a meal. This early rise in insulin in response to a meal

is sometimes referred to as first-phase.

[00661] Excursion: As used herein, "excursion” 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 wili 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 considersd separately. More sophisticated

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



[0068] Insulin-Related Disorder: As used herein, "insulin-related disorders"
refers to disorders involving production, regulation, metabolism, and

cti f insulin in a mammal. Insulin related disorders incl g % r
“ﬁ}oit(ﬁ?ﬁﬁlééﬂ 0, type | diabetes mellitus, type 2 10 WO 2006/¥ E’g %80%/%2366

concBirbldR2 QP8 0ke365 @éﬁbeiﬁédé"?ﬂi“ﬁ%r%P%Wg&mi% h1¥§r|

. . : %&lygﬁ%@.a’giumse
insulin re5|stan?e loss of 6;7)ancreat|c beta cell function an of

concREAn ih HMIC BV RSR6H) MR e ks TRE st ey heskelnge than 120

mg/dinfverdpartcits” sathgdeseaic rocdpsutesn hatingan efieestiell composed

eith iketopiperazine algne, or a combination of a diketopiperazine
L S S e e R e A
indued hargdWitar duitve tewAdnigsiiencolutictes df firsiquiaseshapie; aiehse generates
a sphariiclepd Wikghh therdes e aake Gl thesuriacR (ShRhthe-RaEHE ergluﬁveiy
quic%?.'ds therein. [0070] Periprandial: As used herein, "periprandial” refers to
a period of time starting shortly before and ending shortly after the

[006Hgestiomaise measheﬁcsnaal@:[%wgddaqﬁwf ANelRlcdss @ﬁ%%@%ﬁifbte” s the rate
“pastprandial.r 0.4 perio time after . ingestion of a meal or snack.
?t W&@u?&%giﬁaﬁgg rp%o@.p%a{ﬁ iS5 e?g(?dsa%eeiﬁ]gn n&%%g%,aq\’ogpw&%iucose
Infusion RILFRS i GElnisin stabieblsrsralvrsk, RT3 PESHtRRIDH Gaheraithe study
periogot@ntiagipnaefertrtinatoonslision @uartiomthaludasensasothexeffeptivensss: as
@GR, Or activity of some agent over the level that the agent would otherwise
attain. Similarly it may refer directly to the increased effect or activity. As
[0084ised HepeilygsorentidtionpaeienldHypeteysdmittdsabiithef elevateshal fasting
blood OEbERSHERCEARSRENT AL0RE, tBoRsHETRGtiKRDE DS o
By MABESH %Bmébiﬁooa;%wggﬁgfmm

o isol ggl’% to,go][. exam Iie, r i?e the glucose elimination, ate.
PSR S 4B1S RETBRY SBrAR- AR SBRTRBLS: S CReRiRg Eioymp/cL. (15 0,
[poesecondypbngesia: Ug‘%ﬂ dé@l&?ﬂbrléﬁﬁloﬂwlé’c%@é§ﬁéiafef§ £ _F&Jgﬁeﬂtﬁ%‘r’]‘hgﬁﬁgb’ blood
va ood insulin leyels bac aseline after the
gluc%%:%z%)%ﬁi%lﬁa%?ﬁagséa%s(%88n?j}%%aég C%?F?] 91‘550%r'%fe]?q Jthe rToRIEYIKing'evant
hypogbieeiais &t (RlimRY iferaiope becas e RONatS o beducos enwdtlor [ROEEL patient
sympi@esnasphere (fboguia; %Qsaddhw@_@mégﬁﬁﬁf%?@eﬁ@&l{m%i%ﬁﬁé}ﬁ&s of
rising regular human insulin an o

T e T G Bk R by
defingd @D BRISY Eamip Feis Y ailetbmperagiskicagsacifieatipns, glucose infusions, or
help ByGxaithamaatl-4-aminobutyl)-2,5-diketopiperazine (fumaryl

iketopiperazine, FDKP). Specifically, Technosphere(r)/Insulin comprises
1005 K0 BRH YindtiH°E8MF6LioR PTRGTEY AsuseRs Herglation to a meal, refers
to a pefiRetoprpbrdiziads the BagPhimchidesatiketopiperazines and salts,

erivagiy alogs. and modifications thereof falling within the scope of .
L08R R ey ootts M 3 HEa R AQorm o
insuiip syipbied @igrepipigrationrie ammammal and includes insulin isolated from mammals,

recombinant insulin, insulin associated with other molecules and also includes insulin

administered by any route including pulmonary, subcutaneous, nasal, oral, buccal and
sublingual. Insulin compositions can be formulated as dry powders or agueous solufions for
inhalation; aqueous solutions for subcutansous, subiingual, buccal, nasal or oral

administration and sclid dosage forms for oral and sublingua! administration.

[0068] Insulin-Related Disorder: As used herein, “insuiin-related disorders” refers to
disorders involving production, regulation, metaboiism, and action of insuiin in a mammal.
Insufin related disorders include, but are not limited to, type 1 diabetes melfitus, type 2
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least one of the side-chains R1 and R2 located at positions 3 and 6
respectively contains a carboxylic acid (carboxylate) group. Compounds

waCkREdingpto Formula 1 include, without limitation, diketopiRraekdass 012366
diketomorpholines and diketodioxanes and their substitution analogs. 11

diabalé® ROGHK AhpOdIREHiL) PLEEBI0IA386iH I RAdRAEZ IR P Rktic beta

cell ARQLA B{'g?igggi (?Fr I%ipe% .,Cige%\dgeiaﬁ'ﬂcs)n to making aerodynamically suitable
microparticles, also facilitate ?ransport across cell layers, further speeding

[OOGQbSQrMKJdehe: Ch:@@l@dibﬁeréﬂikﬂi@lﬂiﬁﬁ"&ﬁiﬂ%&?}@i% ﬁgﬁm@@ mfﬁocapsules

; C r ficles aonto, wni a drug can pe
e e SR P A A s b
dikeHNIBRETEREIRIY SRty PR S Bartid cissalngladesnmiviserbersy verianig drug
disparsattiolighdniitiistsatiors; Asrieponless:theseparicasArbadaliversd drug
is co%dnﬂﬁ%@t&ﬁéee%%e&'ﬂ% Béﬁﬂ:?eqrmﬁ (ori r{?ée(}r | system, depending on

particle size. Additionally, the particles can be made small enough for
[007@hcorpBratornitind ahsintsadermeis,sirepiersidialiostge formpddeal oekiveMarting

shorts séserpessiblaMgtbHb PR IREAIRA'BISAALY & SHspension, tablets

or capsules. Diketopiperazines may also facilitate absorption of an
[007YssocReansip{odve] areanstaisy pobitmeiat offaes preseptrindesttitne after

ingesite: BIPriva deBVaiiveoiad: itdranataoRidi)a? Padi keloPIREIAZIR of time 3
4, or WBieh, can Qﬁeﬁq}ﬁeeg%‘ 8}/ O(Ttger%qlérconggnsation of the amino acid lysine. ’
E ivativ ,6- ;

xemplary derivatives include 5RguccinyI-4-aminobutyI)-, 3,6-
Iﬂﬂ'?g;(@r:;l‘]%ytemmﬁcjnobL@dﬁr&i@;dﬁ@é&ﬁ@ﬂbﬁ-&@l@ﬁ@b@tyﬁ,colndition or action that
. digm l-4-ami - di(o -4-aminobutyl)-,. an
e se e Sl L R R B G Brsery voue
et W&ITery TR RASWIAY R Eiisaly i BieainpRatss efiegont ARSYitS, As used
hereig52A611aBB0BBHIB]D 7a3H9 To HredabiB3 LiBdBYaearbefNRithi Soncentrations

to bdBsoRRAlRGOereln byyeforence iof,allthat i%ot,e?cﬁh%%ﬁ%fd}%%ﬁlg Slycose

eiin‘irgi 950.91; erazines and diketopiperazine-mediated drug delivery
M5Bk Ralts is described in co-pending U.S. Patent Application No.

[007341/2168h0ifil etk Auausb sy, 2005awPichds hereby inspsngrated by

reference for all it teaches regarding diketopiperazine salts. Pulmonary
(0074 rug RarRAS TS DRP HiRddpsiinideaectideioass] irefelsSioPtaterbNaiecay of
modfﬁmstiél(/Eied/\kbﬂﬁh/i imhe&mb&'@@%@@(ﬂéﬁﬂd@w@eﬁﬁe%ﬁ@ fﬁ%gﬂﬁggwgég%%ked.
X r : sed herein, Techposphere(r)/Placebo”
i R LU -
lood 8BRS measure: Subcutaneous and intravenous insulin dosages

[oo75e eXREasseshiktdydigh i&ﬁ%@&ﬂ%@m@‘%@é}vﬁ%@@%@fﬁﬁ%ﬁ or “TI" refers to

an ménEasuremept. Amounts of insulin formulated umary o .
RS BPTHEFASRE YRESY rEBBiRE M7 'asubipeand Technosphere® microparticles,

a drug delivery system. Technosphere® microparticles comprise a diketopiperazine,
specifically 3,6-di(fumaryl-4-aminobutyl)-2, 5-diketopiperazine (fumaryl diketopiperazine,
FDKP). Specifically, Technosphere®/insulin comprises a FDKP/human insufin compasition.

[0078] As used herein, "diketopiperazine” or “DKP" includes diketopiperazines and
salts, derivatives, analogs and modifications thereof falling within the scope of the general
Formula 1, wherein the ring atoms E; and 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 coniains a
carboxylic acid (carboxylate) group. Compounds according to Formula 1 include, without
limitation, diketopiperazines, diketomorphoiines and diketodioxanes and their substitution
analogs.

11



measurements of insulin in the blood. Technosphere(r)/Insulin dosages

are expressed in arbitrary units (U) which are numerically equivalent to

the amount of insulin formulated in the dosage. 12 WO 2006/105501

WB2YhiE5086/012366 DETAILED DESCRIPTION OF THE MVERH IR

[0081] A common problem with insulin therapy for the treatment of

diabetes is that insulin do suffigient toRepntrol prandial glucose loads

produce elevated glucose eliminationYates for extended intervals that can

persist after the meal, Ieading to postgrandial hypoglycemia. The

increase in blood levels o a cutaneous administration, is

significantly slower in diabetics thanzthe physiologic response to prandial

glucose seen in normal individualsmdikerefore insulin compositions and

methods which result in a more rapid rise in serum insulin levels, which
[007#ien dédtriepiresatinasim ramwoplﬁymngmmeammummeuﬁm@m@pamcies
also GH4G09E %E@tﬂ%@@%T%Q@Sfmeﬁﬁ%ﬁnﬁ%ﬂ%ﬁﬁ%ﬂ%@ Ik O ation.

Dske{he effect of t nistered insulin to the periprandial fime mterva
RS ISEUEM e Eié’sdoﬂ?ogﬁﬁ&%??d .@Ph;}ﬁ%ﬁ%@?ﬁlé &R HOr SELRAHIFIRS 2onto
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impdﬁﬁﬁrﬁﬂﬁ@cgﬁﬂ@’ alypaspumegsth ﬁﬁmﬁe@%m!ﬁ' %ﬁ;@%@%ﬂ%%@y@ut@s of

tln t| afun |on'%f msulﬁ?ﬂconcentratlon at that point in time. In

adm% St CPfact DoRiCEEEse C‘%ﬁ&%‘%fﬁ@\%”@%%pﬁﬁﬂfﬁ I9F s RRcific
afea%cﬂﬁéawr%anifﬁmmmedawwm fspiirticko azentidibiorEtiustotucasieles can

be n%“mmﬂm@rf@ﬁ@ﬁwot@ﬁt@i@ﬁ&ywmmmnda@@uea@mb% LRIl
deliv ga ECOU| &Q%@%ct?\nﬁ_?ntratlorgé Sth Iucoste c? ination rate is greater
when the subject has experlencea hlg RSHIR S Seﬁtr%LfF(E’ﬁnﬁ , tablets or

caDSB}%%eBIF@QWHéfﬁ%@RWaTﬁ@%Fé%@ﬁﬁﬁ@éﬁft@h@rh@f\@mpg@kpdugmly
[DO?Q]SCOVE{%Q&!P@F %BQ‘%QW&QB?’&%@%@N G%SFT‘ e“B(]J(rFLa; Ionéeri yaive of 3,6-

mum much more QUIC y In response toa ar e an

d‘(4'ﬁ’f§’t’i'ﬁ’ﬁ%ﬂ?1g&ﬁﬁﬁ@ﬁ'ﬂ?ﬁ?\%éﬁhﬁ?ﬁ@mW%@ﬁc@’n{tﬁ%ﬁrﬁl@fﬂscapfﬁﬁ?@aﬁh@dﬁ the
aminmoreidghesduelly. m@%]dwhearmzmhaiwumsuBmaﬁawmtypm%hh%utyi) 3,6-

di mﬂl‘a@fﬁ@@ﬂm{%‘i&ﬁp gl '&%?JU{HPJIKEE&}H RagINe mict ﬁr?z! f)%ﬁ-ci-ammabutyz) 3,6-

i$ administered at or s

dil x%‘!’ chnos o/Insulln
L ATNECS W b%o%a Gmf%%é“lé’\/”é&oaﬂ@} tﬁéﬂE%FPBiféefﬁ%iF@tugTﬁm/U% of
DKPedntréisdigiaerif sakieaws attémptridseenvoktheintisedsePefitht Nos. 5, 352,461,

5 50@@99uwmw'wl6 oo8ak ”é%@!?@%'%éh[%oﬁélar\%@t&w@!%m IRskacting, o

ah thayq uta, eous nlstered insulin, maximal insulin concentrations

gan be achiex (ﬁdfnga 58 O SRR GIRP RS caf e ria A i diivery)-
The §§9érfapﬁ5’uﬁéftﬂgLﬁészylbWergR@c@%@@@nﬁr&tlﬁaimteb@pHawmw@mmmO 710

filed glugaseinhmipnyvraie IH&BHWH&Y;?&Q@@W%%%H%%M&V@%@E%@gat‘dmg
d.ketBb%S?a%Ré‘%%ﬁs(F'B“( r)é:?/eoa kln%g Q/ry using DKP microparticles is disclosed in

U.S. Patent No. 6,428,771, which is hereby incorporated by reference in its entirety.

[0079] Technosphere®/Placebo:  As used herein, “Technosphere®/Placebo” refers to

Technosphere® particles which are not associated with insuiin,

{0080} Units of measure: Suboutaneous and intravenous insulin dosages are
expressed in IU which is defined by a standardized biologic measurement. Amounts of
insulin formulated with fumaryl diketopiperazine are aisc reported in 1U as are
measurements of insulin in the blood. Technosphere®finsuiin dosages are exprassad in
arbitrary units (U) which are numerically equivalent o the amount of insulin formulated in the
dosage.



as insulin concentration begins to decay (Figure 4). In contrast, with an
administration that mimics a physiological first-phase insulin release,
|nsuI|n concentratlon peaks at a much higher level and begins to fall

et Minutes (Figure 1). The GIR, however, continues ?8?@323%(?/2366

the peak in msuhw&%r&#geﬁEwigﬁﬁgpﬁétﬁ“mammum in less than an
hour and then fal (Figure 4), By
[uasti]ree h@%@n%%@mlﬁlw @132.@96(14@55"9]?0? G Y= ﬁQ%Q(P&?ﬁ% etes is that

msuﬁ%ucéose eI| rgn to be h%f é)ij?hed by this insulin has occurre

e susgcutsanéé% RsGiA Bl %'é%gﬁ?aﬁoécfﬁlrBr%‘F‘i‘féeeﬁEé‘?tﬂg@éC%e
elimigptiig08BleBy ftikrrgeadedntaigevelbtibaotentiating st ffaftts dha napid, spikéing to
POSthﬁ@H"%YQQ@9€éIH@t'OWh@n MR thermpysmarbedolagy | Raté??é"r“ heutaneous

adm :g'%rgt ase kinet T)ffer several advanta rggs Such insulin

formulations e aaerﬁ SIREERINERSSS WRiNg RIWSRiRsifdespense to prandial
glucessimtRendihgarmaedidivisilaismoFbeskiony inbstrbednipsiliosswdnicmastods which
resuitlS»h@Wndaé(%bﬂt Gief lﬁﬁgdﬁﬁﬂQﬂ&ﬁfp@/élén%lcﬂ-h%W@&ﬂlés 980 dNan more

g %épgg edr;}geeded 'ggmg eve marlmal insulin concentration on
t\ﬁa{n g

oL AR U TR T RY8 (€SP Rundih BArBGIRTect of

ucose elimina
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therdhgreaseitigreneg sk &@p&@@ﬁd@ilﬂ@@b@lmﬁ@nyﬁl%m%@ Yfore normal
physwgtﬁégiﬁqggpﬁgjam%sg#% f[lg)m exceeding the normal range pose a

risk’that the res gse eIemlnatlon rate hours after the meal
[008%ill leald hesthgzngipoeria. dSwiertedtiiaibteniatngiefieetenhratos irny pomt in

time F?éeepﬂfﬁém CRYURINEh acﬁﬂgﬁi’?&ﬁ:'ﬁ IB:SREY %IH? Wig,co nﬁeﬁgﬁ{' rALCAR Pﬁ;cose

I 1_:8 e read coordlnate with a meal. The QUICk acqws tion of maxima
elimig E’Hs"@t& ﬁ&%ﬁ@%ga\%w@aﬁ@&%%@%ﬁﬂt@%ﬁﬂ%ﬁaﬁ%bbp@%wsmm
concgptiatian rﬁwsm@mmmng samdalpdibetisedond pedsesdegayinbuiin levels

suchlﬁﬁé'd'rfcﬁoé\%@'ﬂﬁ'@rﬁgﬁﬂ %ﬂﬁﬁscm&lﬁl‘a%ﬁn%&g@mogﬁmg%@w Uy, greater

wh eq 2! Sd% mtera}I Further advan %es are realize diabetics who retain
LOMeE ARy 1 BrogiR fstIMeh iRl hein eiGendue Seerfingrigeg interval.
The arpeasivedeIn WeiRalsw beurptsinglia@esanershsimg thie effestiztinessiots the

giucdbatdimiteddnstiintandFadusingRancisat g‘méﬁﬁ?% Mpthedsotreducing rapid

peakp n%rseﬁtr{ccsétr eﬁc‘rr\évt'lth tq%aagxo enous ministered insulin compositions
the-presentinvenion e HJ Sclb&Eq Hn&)‘ e RATE 28 (3 \REiRgaFhed more
grad‘F-‘%fbént Application No. 60/704,295 entitled "Methods of Preserving the

pogguNction,af Ingulinkraducing, Cells in Digbetes, - (W |ch IS incorporate by
! }ﬁéerence herein for all it teaches reégnlpcfﬁb me lod2%r PEgRRN i g'rventior,  an

insulig/ e laniReGrSs BTG e TRPIRERbBIBEMaSHiB/indulirs cﬁﬁmn}s”ﬁ@ds at or
Shorwnmdmmmm‘mmaﬁmmphbdﬂs@hﬂo&@%ﬁﬁﬂp@@ﬁﬁellﬁﬁé&l%ﬁ@%@ﬂ@ﬂghﬂy

contrt5 40 thenPRPSTEARS. Jiengul B@nﬁﬁﬁpfﬁépd?%sa%% ;%CQUEVS%P{%%B a tapig c?ér oral

mediget?kmg insulin allows for earlier reassertion o pancrea IC secretion an
8 &5¢blishment of homeostatic control of blood glucose levels, further

[oos4pducingithe rigk @i Rﬂﬁé@ﬁgﬂ&rﬁd&%}%’a{&e@@ %l?:‘%‘mﬁ?é%ifédol?x% bb'%%%mal
msui%llégrqggn%%yt%lgs ?a'nmbgra% z\é%g g&ea%oi%t%rsnm%tﬁgsfra%rg I%?’nn;lnl 21? this plateau
for several hours (Figure 2). The glucose elimination rate (measured as the glucose infusion
rate [GIR]) however continues to rise throughout this plateau phase {Figure 5}, peaking only
as insulin concentration begins fo decay (Figure 4). In conirast, with an administration that
mimics a physiologicat first-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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treatment with rapid-peaking and long acting exogenous insulin for
diabetics who do not produce significant levels of insulin. [0086] As used
herein, mimicking physiologic mealtime or first-phase insulin release (or

Wihaithatsinetics) does not necessarily indicate exact replid4tioH 812366

| features of the ph siologpg:_response., It can refer to methodologies

SHCBRE UGG YPB k&0 F ORI BT RS ith tid ity A8 e e b iR auboutanecus
insutip hetteteddsotsatheradvialy qliickefise: (Bigsrthan about 15 minutes from

minigfration or first departure from baseline) and fall (descent through

o b S P NGBS G anndl 5780 e, s
congsiiraraplyas0 inslititdeeramoransibsiaibly 36amimines Sfiternheak) kinetics can offer
sevetaneantiatigas THirts baentasi iR iprthals prRduangamaiedradial, 2 feow

min {gg g{ Q n%}]/grﬁc%o ranirrl%m S tgﬁﬁgveral h§ urTg%h%%g{%Zﬁ??ﬁégﬁ%& are usually

concentration ac evedeghdja proig?wr&e ©
takep g disfifredioagodt kelprararatel e ntstivade|oghesaily ket thehspike imeeded o
achibmuﬂmﬂﬁmemmiQﬁr@éﬂti?ﬁdﬁliﬂb{b%%ﬁ%&ﬁﬁb%ﬁﬁﬁé? gﬁtﬁ%ﬁéf iAol rate
; o . Jeler, | acnieving maxima cose elimination,
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: , raining 1n intravenaus injecton. ecla

S o e T e g o
of an, BN Y RRASAIRR SRHENEA kI PERKiMTeRP LSRN BN D ERSSASIRHE alecRDDE More
readityestiondipatie ssibratsahSThsegibe reinuisiteals; megals'slaesH9klimination rate is
well SRR iR REMAR FAIHoGRLRGAlS Andhmed] cﬁ'ﬁ%?%éa PiEREg INeSe! The

alg.o include the ingestion of any sustenance regardless of size an fr ‘
S@C‘%ﬁ‘m“.%‘zfﬁ%c%effé&bg?ﬁﬂ"b|88%F§fﬁ@5§>é‘ dBAtSICHEEkPritang dypoglycemia
hourreakiRicicexset (e e (eleaataghsgine osaizah ceditias R syALIEE dme ability to

prod(RAUGRGISVElSiaf Hpérlce(:%}éﬁg%l%teﬁeclaﬁﬁl%ggi%c}eﬁ%?é]e?\mp?%iﬁl also be

risk) pr.incidence of hypoglycemia, reduced variability of response to _
oo SR e ST A i AR, e e Pt
stressy e fARtHIs AOf lRco ST dramoleatier siiespasitithiree exnorehsusGentridiytone insulin
comBOSNPALES! PIUGREBES: Qﬁ@ﬁiﬁf@%t(@r&_@@i@@é@?@tééllﬂyﬁﬁs\@.l§.q$!%5g%§%rl%atent
uli (%I Qr vari ime intervals. Glucose exposure and risk
Appi()% ﬁ%&&ycem@%?ﬁf;ﬁg?%y“%@%g‘ﬁé %SH%WWQH BRI GS misiR Fapaucing
C‘“’“ﬁﬁét\é}‘&e@%dﬁ@%aﬁ BoeremEd his isfeanowiiereineie pldi geathssnrtiaarding
mettghiapecof thelirsig |1p Wtzﬁaﬁgﬁ?e%gfwl?ﬁ?@%]m§%%p'Mi@&ﬁ%é‘_é%ﬁ’xe[finsuﬁn
e - | and fall of insulin concentration typical of
com e 0T (B A RURE e g Seoretion
from dfihiPRiRERtEnD Brishendrgit R ERSEINTCUSEIvER ertlbsir stmist irsephing ensuiin
allovisrfeticsadian leasbtiined thaoughtibepibnanany aseipisteatemobaiMeostatic
tRPWASE ARSI ti ining insuli lexed to 3 .6- ,
b G0 LR g com an
excua'ﬂ?&%&pgwr%%me levels. Similar advantages are contemplated from combined
treatment with rapid-peaking and long acting exogenous insulin for diabetics who do not

produce significant levels of insulin.

[00886] As used herein, mimicking physiologic mealtime or first-phase insulin release {or
pharmacokinetics) 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 adminisiration or first departure from baseline) and fall {descent through half
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FDKP). The use of diketopiperazines for drug delivery is known in the art

(see for example U.S. Patent Nos. 5,352,461 entitled "Self Assembling

Diketopiperazine Drug Delivery System; 5,503,852 entitled Method for
Widakiitg ‘S&H-Assembling Diketopiperazine Drug Delivery Systéfi2006/012366

71,497 entitled Migroparticles for,Lung Delivery Comprising '
e SoPIIG: Sh 6ot 10 R R SO R BT tes ster poak) i
conogsikeipiperhiziife Dedvieryt Bysrihedearhdicibietnisringorpuahtie Keseirover 20
mindﬁyirﬁfei’_@&&ﬁi fﬁétﬂﬂ)tlfgﬂﬁﬁ Wéﬁﬁ%ﬂ?ﬁ@%ﬁl@)ré%ﬂgleﬂ%ﬁ%pdg&ﬂ@fﬁl%érg proionged
Iperazine-mediate ru elivery). Fuimonary drug delivery using
e A R pin B R B A G IBHER I Wi
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oo Provisionalﬁgg%gﬁ? %%?%%%%@%o%%@%z%ﬁgﬁ%@? Pﬁ(ﬁﬂ%& ‘of Drug
Eﬂﬂgﬁbrmu&ﬂ@ﬂ@a@@ddo_gEHms@asmgmh@ﬁfmtﬁpbnécﬁvajﬁaﬁmésitfﬁed exposure to
(eleveRsiadineMiclopaEitieshyfagess WhicR ds pgorpauateg: hﬁ@ﬁ]cbi'(g lycosylated

reference for allit teaches regarding manufacture of complexes of =~
e RS ARG PhAE N Eh ATagEB QEEesraprabily of
respefsiR épy eFatieepoverier theedisclddechry Bt PatemiovpplieatiorcoNelate with the
overam/sagoa@mgéal%%ﬁ%@ilt%@fs%@a&%i%i@ad rPthﬁsngféd%ﬂ!ﬁGrgn%AHﬁpares
t : entitled "Inhalation ratus”, each of which
oo O A R S s [ i or vrius
time JRfGanFHeRsersepmse R RtpPsivong!vIBoss ulidraisistatismefon how wel
. gEUC{M. immaph@feétylmuihhs@{u%w@ 0‘%@-@%@ Sﬁfgﬁﬂ] mulﬁtall@(l;'!:lf @é’r%%a;gaﬁepend
. n 1eously administered insulin (Eigure :

o e o e T e Bl S e thoer e
cuNVey|udde RPIfoFisfalangiial Rl dnsiulit ersteamy ae st iinisal excbigiipiaast first-phase
respgiaedseeredimitedradtenily guntisistmtinatisnthecnogramesl Petied 162,

eater_extent than with SC administered insulin (Figure 10). In controlled

1008 inical tHaiS SR8 Y5tdI SkPRR KORHRS RatferaioRialine idhvRedarie puimonary
admipyisgitien the patientdvederbisenlindimimisteied ddrwiSE; hewkvebthglexed to 3,8-

difupesi-neal ior loggkels ! resaignifi
F;;,g%gkgbodtg}aéi witrr.!?1 ﬁ%ﬂ&\?ﬁ?ﬁ g%: %%%ﬁ?ur?%?ﬁrhﬂég%@ %tﬂ%{”e o

dBliVETy of Mstilin T BIRANRR thar Shprow At st 3EdpBRde Srample
U.S. haaieh{ hegivigsak4ailowstibateifielivitssiabbtes Dikaciewamgreatdrug Delivery
Syst@anteoe s tNeiiiOUBIHEO SR r el duSBE ARSI SRk BSHRrazine Drug
Delivery System; 6,071,497 entitled Microparticies for Lung Delivery Comprising
Diketopiperazine; and 6,331,318 enfitied Carbon-Substituted Diketopiperazine Delivery
System, each of which is incorporated herein by reference for all that they teache regarding
diketopiperazines and diketopiperazine-mediated drug delivery). Pulmonary drug delivery
using diketopiperazine 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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[0090] In patients with moderately severe elevations of HbAlc (a marker of
control of blood glucose levels over a three month time period), treatment

with Tl resulted in a reduction of HbAlc levels compared to control-treated
WREAAEER tFigure 17) demonstrating superior control of biSGd/gREBYR!2366
rth rmore, addition of Tl to
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om exatlon of large polymers, such as proteins an |de
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et DL 1 BT AL T RELA AL P ggsiions
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e e oA oo S K RS T RUraughe mor
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Addabdmedyfqibﬁymgaadmm&ﬁrml@ﬂgﬂﬁd&@f@f@lﬂﬁt@é@‘té@@%?ﬁ%%@%ﬁﬁrﬁz% post-

deli h
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o lution during or after self-assem nce ese oparti

the §RShe SH DB c%rﬂ}?&@ﬁfoﬁ‘?ér%lﬂfﬂ’émﬁ%@ﬁ%ew%ﬁw@%%@@n@f healthy
indivigiveldatiions\witentadriiniSebrees by shiiqvelmeaasy dantte, JeehRasBRRYE (Hlcose

levelPAIFIES-issQIVER g%%qﬁ neutral environment of the deep lung and
facilitate the rapid and efficient absorption of the peptide into systemic

[009@]rculatiopetFhts POK Mpdefeinifesearecexieratonia nfmibtiatbo iz eckirdher wing ol of
bloodvighiboBOUE S BIRISHRUOonth time period), treatment with T! resulted in a
reduction of HbA1c levels compared fo control-treated individuals (Figure 17) demonstrating
superior controt of blood glucose levels over time with T1 treatment.

[0061] Furthermore, addition of T1 o regular basal insulin administration produces a
statistically significant, dose-dependent reduction in HbA1c levels and a dose dependent
effect on post-meal giucose excursions.

[00s2] The ability of T1 to substantially mimic normal insulin responses to glucose and
substantially reduced post-meal glucose excursions may have additional benefits to the
generai health of diabetics, Excessive post-meal giucose excursions are linked 1o
atherosclerosis ang diabetic vascular disease, & complication of diabetes that affects the
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[0095] Additionally, salts of diketopiperazines can be used in the
compositions of the present invention as disclosed in co-pending U.S.
Patent Application No. 11/210,710 entitled "Diketopiperazine Salts for
WY DEREry and Related Methods" which is incorporated B TrEfapaite366
herein for all it teaches regarding diketopiperazine salts and their use to in
Yoy RRFSKA)HRRUBRY S ALARAMIEOURY IHE RS2 o ly pRPHR SvataITieratival of T
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<R&lfRYN vitro. Natural and recombinant human insulin in aqueous
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diket&e(l:oerpabgp}%gtcgls Iénugrg poopco(\)/alently associated in a hexameric cpo plex

Bn dissolvad m water h e P SUHEE ST SRR MBI THER @SaglA ings or
othen giaiprgietésrbéte |Alsrgeirirrzesnatinastierhath ibs diabitzbeand enhance
delivelysofbrd intnplokéd R AR/ 1065 QRZONG/0 12366 JratispLs fegiltate

irculagion,the hexameric form.must first disassociate into dimeric and/or
tr?nsg%&r?oérl}heér%%rrﬁgeg% ofS the MASHS s:a'?‘ﬁw %”ﬁﬁo?ﬁ@ﬁo%ﬁ%ﬁﬂs include
micropBdiFiee JpExemdl) it aciiveceseie dvrich imavlivecamatzsdaliveratlao ahe (i) a
trandpuog mzmmmw_ikgmiwa&iagt@éﬁm@@@tenf %ﬁmﬁ %B?%rﬁ&oﬁ?ﬁj rogen bonds
; sy -10. minutes. In contrast,.hexamerijc insulin ,
T b e b L SR er e ik o eftamton o
aeive AReaty e dehinbenns o riaion el ibaderpeiaiidiood
[009@})nceﬁ’fééﬂ%b%hw@?é?@%%@%%i&%%‘iﬁb@‘%%&%gégg mluestoreach - i
ea bloogl ve" when administered by subcutaneous Irfjection. ﬁﬁs e
o P AL BT RPL e P Aim B e A SR et fumary
diketmﬁ@@m,_ Fe0SBHRenmiingzimofadividesutin dypieallyipradscesabout 2
micréHEStaRigdnstRYINaR dMRdsali,sRo ANt liges L&gﬂéﬁ:ﬁso%ég[i%e,@t%\égnt in

the S2|ﬂj%b%tafgbll|zat|on nd eq?_anced delivery of insulin has

" ‘demonstratéd UsFigdi SR Yine Whict oA iciieSE JeRaRB e fbecome a
suitaftie gpmeestisie Xercbulitte ham aisihiveto pip enaamsioverataiond 10/inen stabigistered

by thansli@aanoarceriamesphetifsaMeasHiementPtib e, aine (&%t vironment of
the ﬁ%% nstrgrt]g%hug ht%n a washi tep was included the zinc had been

_ arg]e y emoveafguﬁng%hrgpéo %&ﬁﬁﬁﬁtﬁgﬁg@g?w@ngﬁ%ﬁ&%?i@yﬂemm
circuigligilin Tine SRiBleRitvdps fimRiettsd [0098boézmbiitheamiposifibinsholirs of

admitigrpiiesent invention can be administered to patients in need of insulin

therapy. The compositions preferably are administered in the form of
[0{}9%icro&frﬁ'@@?}%kﬁ@ﬁ%ﬁ%%ﬁﬁoﬁjﬁﬁﬂtﬁ@w&éﬁ feprider pulitrsargpositions of the

presegd rinireisﬁzati_@ssm mCasas@ended_dnm apprmt@ﬁemmmﬂuﬂpﬁ&amﬁm entitled
“DikeRbiiPeAs-AlIagI0LP 4 1 hermics Qﬁ‘d‘:l@aé%g%f‘?\ﬁ%'g?%’?ewﬂ%ﬁe% ngr Sated by
referé%"gh"'zedf rm Ent” immediately before administration. The .
Micropanieiey e cEAPESdrsmidisredigirniagradng salts and their use fo in
pulmonary deiivery of insuliin.
[0096] Insulin, a polypeptide with a nominal molecular weight of 6,000 dalions,
traditionally has been produced by processing pig and cow pancreas to isolate the natural
product. More recently, however, recombinant technology has been used to produce human
insulin in vitro. Natural and recombinant human insulin in aqueous solution is in & hexameric
confarmation, that is, six molecules of recombinant insulin are noncovaiently associated in a
hexameric complex when dissolved in water in the presence of zinc ions. Hexameric insulin

is not rapidly absorbed. In order for recombinant human insulin to be absorbed info a
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dry powder, such as by inhalation using, for example, dry powder inhalers
known in the art. Alternatively, the microparticles can be suspended in a

sufficient_ volume of pharmaceutical carrier, for example, as an aqueous
VO RIEBH S administration as an aerosol. The microparticle$%&igo> &4/ Ha366
|r1|st red V|a or% subcutaneous, and intravenous routes. [0101] The

m
o eI b ORTANG doF b e fFRC R AP el anicr
mOﬂ@Wﬂg“‘mﬂrméﬁﬂwaﬁie pesfizbtAy aovedusdheeimisireraf a patient. In one

bodiment, th tient is,a human suffering from an insulin-related
[009 orddgrrnsuc dla da% A erec{l Py @Peﬁ%’oﬁﬁn%'tvetﬁéil%érﬁb@@ in

fum%wémﬂﬁ%@wwnm Eénvé@ﬁqnsuﬁﬁqwrmOm&amoactmenctemmt@mhewnthm 3-10
mlﬂuwlwbwﬁﬁﬁ? ﬂ%ﬂ@ﬁﬁrﬁﬂkﬁé@frﬁﬁfﬁ@ﬂe@%@fﬁ@%ﬂh '%ﬁ@mgtﬁout fumaryl
e narmal re nse 1l n another odiment,
e B R e SORs R AhiSa 2 eonions conconvatons,
while RRxBRITTORSHIEh RS- 28 MAgiadas ingerah Prekddseddarehdhenistriitricoéd by

subcthendong-agitigrhambinestinds estabisbesdvitheRatiertSRYSICIARes and in
Seve%%g@@g ﬁﬂoﬁﬂéﬂu%ﬁ&m% 8,WO 2006/105501 PCT/ US2006/012366

cal practice. The In alable insulin composition is administered
[009§leri-preacialiycacdondifgnthedetching sl theqresentinyeBlionnsulin_ with an

unde‘Q p&ﬂﬁwg%‘ﬁf lH%e Mﬁﬂ@éﬁgﬁtﬂg W@%@ r%tgHE%hQr?%%'%%ﬁgﬂc?d delivery

of %forg)for the purposes of this disclosure "in combination™ rere
""%‘ét?

NIRRT UEE thes it Akpienneirncomisssatises thEpradafiens of
insulipvemtipaxed dvéith ofupract nikbasidreilin rewetemndhe the fostis ohinsidie an

acce@f&)%dé‘ﬂlélfsﬁ%r GM@AQSMW%J% é%@@e‘ﬁ%ﬁ%@ﬁ Nhes R 3¢ ¥hing

invention ap armaceiut comﬁosmon IS provi ded comprising INsulin In

step s LR tbidFor BUIRRS AT AR FRHENER LN/ caammimigtisroampress.
Y*@idiﬁﬂmﬂﬁh@wm'ﬁﬂﬁ@lﬂm thea Istginriniyofydameahtionuces a lower coefficient of

009 riati t, 5% confi ence rval of insulin e osure, INS-A000,
[ la ﬁ;ﬂr?a U Sgﬁta%éno%ssly a&mlnéﬁeré’éﬁ%"t’sﬁhﬁpv\% %lﬁ%téﬁngﬂﬁﬂmﬁemd to
Paffe@?@ﬁﬁélw RIgsAlTODSram< s cRmppstean tutiesiilars[8d0ifsierarotitbe form
of rrmaipedufmntmlﬂnew@wﬁnnae@mﬁo@d@ﬁﬁﬁﬂﬁcﬁ#t iahempostitRideation or

SUSDQﬁ%Wﬁdaﬁ%BEHL@e'?ﬁH Jn.adorm erétragIL%f‘or Spulrnonary administration

which, when ‘administered In prOX|m y In‘time 13 the Beglnnlng of a meal,
[0100hduceste loweopeekierenirefraalation atdhel 95odpniidanssnintesvabim unti

mmélﬂé@@?%&g@Q@Hﬂﬂs%f&ﬁuﬁ%’ﬁ@%%ﬂﬁ%e@qﬁgﬁ Igéﬁrgg ég%éli%% thaﬁé?’é%’g(y as a

ose ellmlnatlon is measured as glucose Infusion rate

o O e L o e .
Alteragipysigntil ) gindaiciEE1 O5] e yebaeraibe irembartimental the cﬁrsis@mﬁaceutmal

c:arnéHVﬁﬂU@ﬂarﬁ;ﬁ@aH@%@%%o@@@@@ﬁgwqéﬁ QWH&%QQ@BQSW syl i The
m.suitable f plélmong?re%? ministration which, when administere

Croygromm?y |?1Otlcr%ré EPE ot e rﬁ‘étéciuﬁqﬁfi’b’éegnéj iigaypnous Foues.

[0101] The inhalable insulin compositions can be administered to any targeted
biological membrane, preferably a mucosal membrane of a patient. In one embodiment, the
patient is @& human suffering from an insulin-related disorder such as diabetes meliitus. In
another embodiment, the inhalable insulin composition delivers insulin in biologically active
form to the patient, which provides a spike of serum insulin concentration which simulates
the normal response to eating.

[0102] In another embodiment, the inhalable insulin composition is administered to 2
patient in combination with long-acting basal insulin. The dose and adminisiration of the
long-acting basal insulin is established by the patient's physician according io standard
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glucose excursion that is less than subcutaneous administration of a dose
of insulin providing substantially similar insulin exposure wherein the

WS dlkgQse excursion is at least about 28%, particularly gtleashabnytss

25%, less than for the subcutaneous administration_. [0106] In an
medieAbRABENTBE tRRRISSRS Y DHPRs AR FRARSYISE) RMBAAHAN Sccording
the t@ra\]’i'dg%d g%rg%[lsslg Lln%’[g; in a form U'ttff‘m% {or %Jlmonarﬁdmlnlstratlon

Wi |CH_, When: admmisterad i 'd?gﬁeﬁri@efﬁ iet8 A0 BiATARg B RS Of the
basapipgiites Bhateregiacdte raxpesssroitias idikdsstinariisubmubdmeions refers to a
patieatlEtiniBisasien bm desamphinsylinspvidingosubs BN SILIREIRSHIRN and 4

herein the mea,{rgl gql\lfj\(cc];se exposure is at least about 35% less

long et betalinein hoWwelcr e e Iame 0 mSHin i o N aleEeb nRse piaR Y

n-for cutaneous al

[otofpr thetrgubﬁtémdwﬁeﬁdlaﬁﬂﬂifd@_rﬁi@lﬁnt[m?&ﬂ:!h,aﬁ%Hﬂn@%@ﬁ@@@&%ﬁééhﬁn is
nLes i armaceutical.composition is prqvided comprisi
oo B ST D e
admini§iRRL R R@ITEIGRIATG 9 thecrsiminB&iammplointrseala dsibieosfficient of
variatighio aif HieAlSafteorfaaNE 200612025 0hJMT /bipaone/0 eS8 dreatiaentan
bel@ . . ' n_for.subcutane i .

el AT U R
subsiaiBly PEMB1.08] In an embodiment of the present invention, a

[otoPharmacerisal GoRRBEsHINR i3 t%%@é@qtqm{iﬁjﬁ% iﬁﬁépma%&']é%ﬁ@omposiﬁon

s rsui able forrpulmona. admi%i{strati_on which, when admln'lsvtereéi in
Prproximity in tine T HE Bediffiig G micaIPBYPRORE PHABIFYRe ddieh, when
admipigirisd e, OXOTY i iHmeineri diegtoning uifreexpeb undyddd GildSen @idffalent of

variatioat & less e thenfalindorisdhaiianegus-adMinisHasian ¢l dasQhneously
admillS! !jg provi ‘j‘ngﬁubstanpau similar gsulm ex osure.¥109 In another
e

iment of the presant mvention A phSriTEESHIRA o AiRsRokygion rate

mbodiment of
(GIRpffdedcd iprsing eroinitoia! dneairdsyreassoedibfe Ao, s Sty fosubstantially
simii@dministration to an ambulatory patient which, when administered in
. roximity in time to the beginning of a meal, exhibits a ratio of glucose
101 Gglxposd‘?e,yﬂbé@l"_@’in&?ﬁiﬁgﬁi@}%ﬂ, 3 ifliRrespidsireemOCING fharmaceutical
compuisitiol ishavisdessdhanidingnissuembedishenseie RresaRidRMENEORIES ration
whickﬁwgﬁa&ﬂ%ﬁ?ﬁérgﬁ’@ﬂ%m%ﬁﬁ%@%@ tf\%rtp lmr%rr?@% %ell\ég!’y. r[tg)alulol, IQ mean

an embodiment of the present invention, a pﬁ rmateutica co’rﬁpog 1on'is

glucast, FatiReldh the/TRsulliets BhRpRIGY Vi BiRikEbpipefazisiese of insuiin

proviﬁmtgr@p_mtarl@a%wrefemblywsﬁmmamo_zﬁkr@t@mpmtaziﬁ@._n[@éa;lj_mmcw@o&sa@ﬁrsmn is at

leastCBHRREIMEN! Qidhe RiRFeat invention, & mehod.of Improving the ¢ voianeous
re rq%tg}ubﬂﬂy of insulin therapy is provided comprising administering tha

administranon, . . L
phafmaceutical composition in proximity in time to beginning meals.

{0166} In an 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, produces a mean giucose
exposure that is less than subcutaneous administration of a dose of insulin providing
substantially similar insufin exposure wherein the mean glucose exposure is at ieasi about
35% less than for the subcutaneous administration, preferably about 50% less than for the
subcutaneous administration.

10107] 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 HoAlc after
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[0112] In one embodiment of the present invention, a method of treating
an insulin- related disorder is provided comprising administering to a
“Patient having an insulin-related disorder an exogenously-administered

&)?‘ﬁ?flﬁgﬁﬁ% such that the exogenously-administered insuliﬁ%ﬂﬁﬁ%@ﬁ%?“

ImiGs first- ' in.kinetics. and wherein the expgenously- . . )
trea%%ﬁ?sftrﬁédﬁjnsu Irﬁmﬁré%ﬂé%gﬁ%@agsng Sag‘r%ri}n% esr%%f?f#ﬁ?@ﬁcﬁ%ﬂwlféﬂ%ﬁ‘ of a
dosgpiiAsHe PEitoe FHERHESH M sheltidasuitresagn insulin-related

- [o1080rden ok, e REaRROLIYRE Q. g Sxogsnously administared Insulin v on
composition comprises a complex between a diketopiperazine arid
Provigith TSI TRCH b tReR dRIBLAHIRNE, TiePaierssiperminatigtimmunh, when
adnﬁilﬁﬁtq:ﬂpieradxjmmitbn ivietian oth e miandime rl; Hﬂ@@épmm@t@hﬁ ratio of glucose
inistered.inskui POSHIQN, IS. . 4] In ather.
o o T A Lo e g e
"at'opf%séweﬁwi%'ﬁﬂsﬁ,%@lm%mwe%ﬁ@d el thapetddingemitbstastialy similar
insulipmxdoswraype 2 diabetes mellitus. [0115] In one embodiment of the
[010@ esenmnveragioné aquejthod o; maintaining blood glucose levels in a B
H patient With an InSuy: DS S LIe8 RIEPTRANE AT e R 3henigRiraposition
IS ProydezoBNPOs B0 INPUT /0 S2608/Y K286 B abeniprisingtpbbyidingdannistration to an
ammm@@@ugﬁy@mﬁim{@ﬁe&htﬁﬂiﬂt@r@@%%ﬁ%%(y’mﬁwé'Eﬁ&B@Sﬁ%EH&%‘H'%eaL
. exh;&@agn;gt%)kpqgcssgrexogtalrneqxwgh|n 2 out 3 gllrlnutes of. admlnlstratloné _
M Slternatively Within about 15’ mint s Of AT ratoM St whRrEHeH_UCKs in
HUmaoiehisUeRs- dininisteran rEbRAmaingosrionesenbiradniiisteragharmaceutical
cominisiivenosstyb ko kolutmansthesigsmpodiment of the method of maintaining
. blood ﬁlucose levels of the ﬁéﬁsent invention, the
10118] o gerB RN SRARHHRESr < ieURFRERTh TOSHIERD coniasascedirapherposition is
providetiveserairdiketinpifier azinenplstdiumianeinmdiopirerpaiberiemhadineblererably

fumgmd@%%%gﬁgjne is fumaryl diketopiperazine. [0117] In another
embodiment of the method of maintaining blood glucose levels of the
[011plesentrirarsitiemetheodikegnuusly administevetin s utineampostionpiswng the
reprétRiBRE S hs QRCURERSH @p%&%@d“_@or{%i]smgl %_9%%@@99&'_mg_%ﬁwgf'r%%euticaf
ent invention, a. method of restoring normal insulin kinétics in a

comgtgeﬁ?lo i proxamiLy’in time 1o |
Atient inmeed {Hereo is pPS\‘-’/IH"éBgc ?ising administering to a patient

[011BRving talrbhysuﬁweiai@et @isméi@ﬁ@éﬂxlﬂ@&%st{]ﬂﬁ%imﬁpgifﬁt{%wgéhﬂéusin_
A 0] itlon mimics first-phase Insylin kjnetics, In
R e, TN LI B onea o A RAS et
disorder SRSHRICERBYRMBRIS Piehrampasiivtheydoimribes adaTinisipringinistered
insulloncpattisgidrasaiiisulins EXad4PhESnExastRle knd wherein the exogenousiy-

administered insulin composition is not adminisiered intravenously.

101131 In another embodiment of the method of treating an insulin-related disorder of
the present invention, the exogenously-administered insulin composition comprises a
complex between a diketopiperazine and human insufin. |n another embodiment, the
diketopiperazine is fumary! diketopiperazine. In yet another embodiment, the exogenously-
administered insulin composition is inhaled,

[0114] In yet another embodiment of the method of freating an insulin-related disorder
of the present inventign, the insulin-related disorder is diabetes meilitus, such as type 1 or
type 2 diabsetes meliitus.

j0115} In one embodiment of the present invention, a method of maintaining blood

glucose ievels in a patient with an insulin-related disorder in a normal range is provided
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Insulin Concentration at Different Dose Levels Indicates Linear Absorption

[0119] Various dosages of Technosphereo/Insulin (TI, MannKind
“%0{(9)9%%10 ) were administered to human subjects and ins -

concentrat(ﬂ)n in the blood was measured (Figure 7A). Insu?‘4 SS%(}rﬁ(/OIZS(ﬁ

com@ﬁsﬁwb’ %rWﬂ%HWéX&@@M@%%J\%ﬁHAQ&R }Esq: ue JB); Jirst-phase

insul %lp {S\illm cry of the Early Phase Insulin Respo se |n umans w
neu Ee‘a%] U BiesUELTES RREag L AR I8 RS PRt ASRINFPEcGanatively
wﬁhlmmgélmmﬁw@(ﬂ adrhirgefiativtla Bl ovieereiBitavaitagitinuiL 28 heered insulin

Comb@m@nmgféQ@M@g@@m%ﬁm%%ncentrmlon and glucose elimination
rate in a group of 12 subjects with type 2 diabetes, during an isoglycemic

[011€lamp Weznstheiembebprrs et metedveel Rthitiznibg btaoe gusiesidines of the
preséACirapitdiohlove dergkisk)iop- %Mn%@@%@ﬂhﬁr@%B%QtlﬁBr(wrﬂﬂrégg%r%Enplex

e B R T e e e
dikeippiRfiarnst i BIb diaRRRssINE20 mg/dL during the 540 min study 21
[o11¥YO 209»%9@1@9%%95[ MRE9PH/012366, QF{W% 'fégpur ioh gt%%/?g?(q%'eis of the

units Tl provided a mean maximum concentration o
presgny '%V%i’ﬁ“(rﬁ@aﬁxgﬁj‘%'ﬂﬂ@&ﬁm%@ sl ﬂﬁﬁ@awlmlmmnon -naturally
OCCUme@nmnaﬂm&('ﬁmax) of 15 min, whereas 24 |U subcutaneous insulin
101 1@ d a Cmax %63 =10.1 mIU/L with a Tmax of 150 min. _

chnosp%ere?”ﬂﬂ% (i A hEdHsSRIh AN SRR al Ge@edned af ggstoring normal
nsuiimdginaiord ategantim neatbthertitmepidint, SEmamealifE8edngIeadatient

havirianolsignaklaRadRahYAMEINE 3 ﬂ‘léﬁlp&t% o%égr@'&rqﬁﬁ SPHE A9 insuiin

com gﬁ%ﬁn“n%‘éhﬂ& ?'entratl ns.. The data for IR and insu
concentration for T1'are &%%]BIBWSB%dm&”&WBVWQ%WFn S dueliprelated
disorgicis fiakrieal MRl effectalasotec edhatienenhcertratitiod éffdetr comprises

admiredasimshipnyvagitiesaangdannl | and SC (Figure 4). At 180 min, glucose
disposal was 326 119 mg/kg or 61 % of total for Tl and 330 153 mg/kg

(27% of total) for SC. [0122] A fasty spagsincrease in insulin
concentration, similar to the early phase insulin response, provided
maximal glucose elimination raté&xgoiedight units Tl achieved maximal

effe@ﬁgﬂfitﬂi\iDoﬁEéﬁiﬂﬁtiW@%ﬂéF@%@Qe@@ e PABE ”af

ggfect This thenor%%no E‘Ot cause erences in |
lationship for thedwohsuifi §BES Hi é"i’f@cgla Mﬁf@?@‘?&fe%%%fﬁmewere
adm'WPF@Ff*ﬁwéOuHl%ﬁfbﬁﬁmﬁmguﬁﬁdcm@ntmmﬁnyanmremtbdestbowewamezassured

(Figuoppasethtoliheisereisapisk bioayailablarasulnrridsd BY east up to 100 U T
Flgu;l'eeggposphere(r)llnsulln This can have consequences for postprandial

glucose control. [0123] Additionally, three hours after dosing, 48 U Tl and
241U SC had exerted the samecghsasise2lowering effect. However, less

MirdRANP s i, @hthe I0RliI eSS Bhans with Rapidly Bioavailable Inhaled
Insulin Accelerates Post Prandial Glucose Disposal Compared to Insulin with Slower
Bioavailability
[0120] The refationship between time, insulin concentration and giucose elimination
rate in a group of 12 subjects with type 2 diabetes, during an isoglycemic clamp was studied.
Each subject received 24 U subcutaneous insulin (Actrapid®, Novo Nordisk} or 48 U

Technosphere®/Insulin (T1) on separate study days in a cross-over design.

[0121] The glucose elimination rate (GIR) was determined by the amount of giucose
infusion required to maintain stabie blood glucose of 120 mg/dL during the 540 min study
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effect for the SC dose had been obtained. The percent of total glucose
lowering activity provided within 180 minutes after a meal was 74% for Tl

and 29% for SC insulin (Figure 5). If the prandial insulin dose is titrated
Wt%\ﬁ!fﬂﬂg'g’(bloal of normoglycemia at three hours after a me&£THEFApgE12366

nmg lucose Iow ri ect of SC insulin may increase the risk of
P AR 4050 garel FBRITHY ARG gton of nsuin
(Cma@@fﬁﬁﬁﬁlé Wtﬂu%@@@h@@ééﬂW\Wérid@%{tavrtycttaratMmaqoem@mmomncentratnon

Tmaglmw Fﬁiﬁ%t@é%%%%%@%%@é!s%&ﬂﬂ 3G #%E'rj]e ics exhibited by T! 1 miuL

also allowed for the reassertlon®o endogenous Insu secration sooner,

With @\ dires Gly BB RoABRINRSRERIFAASY AGRAEHSEh Tt Bah SR YRS, 1133 + 1.35
mg/”ﬁim’@gp@miﬁ @&5(?11&%&&% ﬂih%f)@ihtn FTSWEY Qﬁgﬁqrﬁ@ﬂoﬂdg%@t‘%ﬁmﬁﬁ reach
ou e e decay rate seen at earlier
mam}?{r%gfélgm‘t Qﬁ]ls cia%)le e%ﬂ% 8rsioo d a§ ’fﬁ%ag TBElPRpBERdRsy RfRRGentrations.
éﬁ@gfé’ﬁ&ig risLins i AeTRyriimd aising Térde giatopisting utidiiEiglivevetd)s time in
F;gur[@E@E&ﬁ%ﬁ%ﬁd@@ﬁ'@f@%@@é@ﬂeﬁbﬁéﬂd e 8GLURPaRisd. @ﬁé@?r@iatlonsh;p
was %roductlo 2{; 2?;335 {geptlde concentrations over time
of in |nje E%ﬁép HIHACsFe YRR RRiIA A gute® markg
or 51%9%@&%@@@@0@%&1@%3@!@6{%@%% funskianged during SC
[012 eatm%ng byt rose with TI treatment with a timing consistent with the

odel AeRiaddaR FSHEL L DS YsEI D80 S Piet o §50tw)n Poaes insulin
respepsSs)OidesfiRimB siianseredintinating ofidriptiverpy inijsalientsisvisd maximal

eﬁectyWEhawd;ﬂ&bﬁﬁﬁS mlﬁetﬁéé@ﬁi%l@[?ﬁbrﬁmﬁlﬁﬁ e flfsé@m%sfegéﬁr@mfftar effect. This
ted.i spanse which is lost_early in the course o
phenglﬁ' e%gs%rﬁe |tiaug HL‘?%eg ré’%? ronget & an§ HSO?F idf %tf%f‘%f%ftﬂ%‘éff%”s”h“
typesy i SaflecitaReliteinas v Recrepreceirmiss rndientisilisube cmtientation is
morepatieeis with ﬁrfbe&esmwb@usm%%rgﬁ@é %\&ﬁ%%maiﬁbﬁplh%ﬁf%&%d by
i t might be feare t the lar

o SRR Ve bR R o
[012%ffect, W@iyett;#aedmrelmﬂmaﬁ@@r@tes wﬁlgﬂdh@d RhﬁE@lﬂﬂlﬂeﬁéﬁ@d the
sam@ Janger EQW%QVWQVV&%F'?es'é'%%VSﬁéqﬁrf Qop.ihe £as u&')gg Fo%ering
stioc M %} r%%g Cts ynder a eﬂg ycemlcTc amp were given IRtravero

sifictia SEr HAMRBHARP feHin é‘r?dﬁ‘?f@@iF@ ﬁ?b%W%MWQ activity
provigsoaiinsUiBP conctastattion starting:204tinotay afieroadronistraionn Wigure 5),

If theNEM@hSHRIAGIa IR slRiesis e L
me;gg nounced than thr%?for tyge 2 dlabgﬁgg ngf g?SC géﬁggé{ﬁ% Q'hj{?éfé fours after a

Ve THE Tor RofiaP SUBIERIS IS Tiitires R TR RS ish o lte
post-grr GAWERPIhES?Elatica betweesd GIR amdaddiidintcanednirgtine bulk of giucose

loweBRPERXIMAtR S fHte pRas N eRoAli Gk G aR. IbW@&Q bseqvedHaat M%é\ﬁ the

tion appeared linear, consideration of
kmetll(%Wg)E 'ﬁ?}ﬁ Hn OJFFe%tcgaaq orx)vseéh%tt%ﬂg reass%?t%n of endogenous insulin secretion

sooner tha’t is glycemic control is retumned o homeostatic mechanisms. At late time points
(>150 minutes), the fall in insulin concentration lags behind what would have been expected
based on the decay rate seen at earlier time points. This can be understood as the
superimposition of faliing exogenous insulin {from T1) and rising endogenous insulin (Figure
14),

[0124] Endogenous insulin secretion should be accompanied by the production of G-
peptide. Mean serum C-peptide concentrations over time for inhaled T1 and injectable SC
regular insulin are presented in Figure 16. C-peptide concenirations were essentially
unchanged during SC treatment but rose with T} freatment with a timing consistent with the
model depicied in Figure 14.
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concentrations showed that the relationship was actually logarithmic; as
insulin concentration rose, ever smaller increases in GIR were obtained

Thus glucose elimination did not reach catastr hi
g(gnjééga]ppeared unable to do so. Example 4 The Vanab%%@%%mﬁzs%

[0 2§]me AgHerPrfilgdaf hﬂBét%%Ta%%@%Pu@Eﬁé?Ebﬁ Inst% ?%gf}ﬁ%e 2 diabetes

avorab to th tof ubcutaneous Human Re

'S 1o RH s RO RGP BTSRIReP ShSEBSTE EREE 102 o AsePaERBbiSh s los
eariyrieethme@mae gtﬁb@séctmméan@tmenamie patients etrchdl eBtoT Sl ieafoaks! action

of mﬁa@aonr?atartpﬁek@dd WSHBSB R T té@ﬂﬁeﬁ?ﬂ?ﬂr%ﬂfﬁﬁﬁﬁ#ﬁé%?rwn in patients

tra t variability in insulin absorption and insulin effe
with é] cij” %é‘és of 48 U inhaled Technosphere/Insulin (TI) and 24 1U
subcutaneous injected human r%a&;gs;ulm (SC) was compared. [0128]
Technospg\egegr)(lnsph%a ddSC wer n three separate occasions
1] aes No Gre | ta
each on separa qay aay ¢

[o128)sulinraagee salkigets m@ha@e@ed&aﬁﬁ%&m%ﬂ e@&%%?ai@ﬂ%%@med
on 14.4 (3-29) years, HbA1 c 6

6 s, diabetes durat
e N iR 5 (e e oboiear AT ey would
POSenPe R i riMAINING diviepal wisgh etisieayiecdve alamp feacapeetiebkBY human
subjm’g/dih)iezpbﬁﬂ@r@mhﬂﬂﬁﬂﬁz@@@ﬁvf/bﬂgﬁg m@”&g§§%§%/ﬁ B%rélonary
r Qver
insully %ﬁ?ﬁ&f’?{;ﬁﬁgg%ac% arn Inlga lns . ﬁISrl)ng rﬁr QL EBIH%/%]f minutas after
admi&%@?ﬁtbd%ﬁ@*@tﬁé&%%%@@d m@‘fewa dh AleONsentas ideténninetiiah less
prondi2@;eti8b=anitl 546 yire AftgbcloRiINgs @é@@s}éﬁﬂﬁ@b&?ﬁ@@m@%ﬁéuﬁﬁus for normal

subjéﬁg%qﬂmgeaﬁé?'%gﬂﬁeé%%@ﬁ SndTrrarr]t%tl {42 ¥Sfa?ﬁ3§3§%§r§)§g‘ GTEIR and

SC 001) and higher peak insulin concentrations
'”S”'%ﬁﬂns@ﬁ*ﬁu@aemr@&ttﬁ%aotﬁ%%ﬂ@teawteauﬁeaﬂﬁwrmasgm@@yed that while
at lawkusiopuiatect@iR)ivaliues tizeadytain’ Spadamnin, iate therRadiaidm of hrgher
cenc@ﬁft%%ﬁd?;sth@ré@e‘étosﬁétc%ge‘ﬂe@haggh 1;?)3 o (gfuaﬁ’oop g hetﬁAeU]gs sulin

INS and GIR curves were higher for TI compare

cone AR (e B RO AN AR AR VABIBRLS PAG iy b Hucoss
eimingdafivicontesrhtetesaouhicsivingotiors was ippesriar H-eenmpatashto SC
in the first three hours after administration. Specifically, for Tl the
varlablllty in insulin effect (GIR) \MM, 22% and 26% at 120, 180 and

0,
nOSS fr SC . (|ure

pattern (19038943

01270 Miny GiR Iéﬁ%&stﬂé%t&mmem%%éﬂg -

asma.insuli 40 min was comparable {0 the variaio
e S CRUED 8 A B a9 FERs ) RS DB S0 dose
adjusimants s, me%gtcE@mawpﬂteemmsphere(a)ﬂmath\sm@wag o NG &pishrption
and iRORRE SisLEThREST FiyaHen Mses of 48 U inhaied Technosphere®insulin (Th and

241U subcutaneous injected human regular insulin (8C) was compared.

[6128] 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 femaies, age 56 (range 40-65) years, diabetes duration 14.4 {3-29)
years, HbA1c 8.9 + 0.9% (mean * SD}, all normal tung function (FVC, FEV1 and VC = 80%
of predicted normal)}. Using a euglycemic giucose clamp (clamp ievel 120 mg/dL),
pharmacokinetic (PK) and pharmacodynamic (PD) time-action profiles were measured over
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action than subcutaneous regular human insulin which can make it
suitable for replacement of prandial insulin secretion in patients with type

2 diabetes. In particular, Tl can provide a lower risk of late gostgrandial

WO Hi6/HIS501 2366

hypogly¢emia as, in contrast to SC, most of its glucose loweling e

' f - int. . . the intra-patient
540 ﬁﬁiﬁ%ﬁ‘%’“&%ﬁ%ﬂﬁéﬂr%%@%@“@iﬂﬁ%&@?ﬁéﬁ%&@% SRR e o,

SXPIRTEH Pt PotrS arPSRSERTEAAcH E3h fRNIRRMS48 seniatiotosy WO
[012??06/ 10880 bRFIUIHRANR/HREE, ?E%Péer—%asﬁ’ Bﬁé@?%?%%ﬁ&‘?ztﬁ%@fam @Se vs.

L%er Pulmonary Administration of T| Inhaled Technospheré(r) Insulifi

1554 ﬁqaﬁnf;n&g\(ﬁa ST O ARSI ERP 95 PH KB 5 R I POS UNSHC rer) than

SC (089 )] Périrmacoepidmiti{PEiRatanseters, dasec omfgida0se:inBIRPalues

alred@fes {0 R G ALK 4 49 tal, .
[336% ) {‘*@W; totiif[é*’é%@%zj@%ﬁ%ﬁa%%%Eoséézﬁcg}?%g/éféé%%‘_%3

(P<O430e .%]% b5, 65 B YE B4R 34195 W&Q@%@@f@t T SRR EBSC in

the firpigineg/mia)lar s IO FiersHnit B3 (00 [10tBe2dadhbility in both insulin

condBhdnasAdnatis iR k- IRe i8R L8584 aemagnsdlin (INS) t7 ‘diree hours

concentrations_ INS:AUCQq-2h(pU/ml) 69652233 19.1 55091094
=t/ B (P50 S DGR P8 1051 IR g B 22%
and g6%oskL 180 @Bl 24 mmspemincl ottotiiat8 2 A61:(38% ahtotaly for SC
(Figd?@ﬁﬁ&% *mm?gﬁ(waiﬂiﬁé%ﬁ}fﬁﬁ QQ%QH%%%E%H%%\%%%] sirgiléeir pattern
o . I n * S. , . O VS.
O RN e EHaCIE M SdbI EST s & Rerkiomh 220, I B o
returped &b PrssiRfol 8adsthay Variahlite file dopasnies afdasod lisaliedat 540 min was
comarehiecsftheredrjtioaubnSs FarmmntsmIRUEYRE miRiabeles (03414 vs. sc); INs-
Aucleshiosehere’ sy powder pulmonary insulin delivered via the small

MannKindTM inhalér has a bioavailability that mimics normal,

{013Meal-r§@bm;?€fmwﬁﬁqamlm piavesims ot elepseorbaisamuIcaREr duration of
actiorPihdAMRiEeteHbie-Rling. RiacePACARTRAN csértf'%(a%gq s%ﬂ%ﬁllejacfg?dre.glﬁcement

type 2 diabetes mellitus patients inadequately controlled on diet or or
of o R A RR S BB TNV, A AR 6P 193 PRGENES bren provide =
lowep il of lafed nadpdmeiial hypoglycemia as, in contrast to SC, most of its giucose
iowering effect occurred before the three hour point. Furthermore, the intra-patient variability
of repeated inhalations of Tl was superior to SC insulin during the first three hours after

dosing which can facilitate dose titration.
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intention-to-treat population (ITT), were randomized in a 1:1 ratio to
receive prandial inhaled Tech nosphere/insulin (TI) from unit dose
cartrldges containing between 6 to 48 units of human insulin

W&r?é’?ﬂ Srithaled Technosphere/placebo for 12 weeks. Tl W %(rr T el

ti fthe firs ful of food h main or antive meal of
Tab D AR R e M a Aty AR ARG 23 T
week trial. Subjects mmmmmum@mﬁahdmbetmgﬁzﬁmgwy Bsulin

using prior to entering-taenstedy. Differepegs in HPAIG Bgradhe Tifst afg\g %)
final treatment visits, and between thejfisst @nd twp intermediate wst%% c

PhamiRidlRtRIRREteas sas:18changrdPBINRA GIYSRS §e A6 AUT atvarious

GIRUARE ROIRRK&Nd CMaX siidsEmaxy after grmeat chatienge, j0t32] aueébt;é
were given a stanc ar@@ggfrg%@ eve[qgl él@?ﬁﬁ durln%g}/eos‘ftgdg)s and 21519%5 2]

o a, 2 mne"s TUg Was & SIereu—=at LII
GiRstudy gli}é%lﬂré%5 WO gg%%qg%%m qulvzgy%%()&(] 12@ bH%éanthhgvglgfn/ 1
GiR%a?&%Q}ﬂw edbr dKIdL?%Lk‘thLIU l:'llb }\Iabl. owr blgl Lllcu. W
prepared at the sne Fasting plasmaggu&gﬁ was measureé imme at%lgu

P dtE e TERPb RN aR I “%E'I‘d:ﬁfnffﬁiﬁ) B AR et it

NsIE prady o “'é B 1 27.
é’@ se%?g‘hcrs perforrh’ 9%9,%: g éf;e ?Elrorﬂe iSthTc{%qﬁfgﬁJg?g}ﬂrf %E)% ;8 .

O e Sty o Bhedl. Onc@l%e mehl W25 MBleted, the-0
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SNS"A C %’ 4n eatin
- gg@% lofe) ?Qm:d .’%8352

NSt , 60 and 128 thinutes afteP36&inning the?? -2
aflnan rnr\m\llnﬂ QIH’?D ﬁ]r nI qr‘ehn hload (1| 1(‘55@ 41 2

mnql [n1’2’.21 Eor
e, but si nlflcant Iessforthe TI group and

I .I.\J\J.I. T

54‘? Y chaIIe

ci g
re%uvr?wes 1’ BA e s gh%@?ﬁfbﬁiéeff)ﬁe%ﬁf@%‘ﬁil glucose exposure,

expressed as AUC0-120, (Figure 12A) and maximal glucose excursion

(Cmax; Figure 12B) were reduc%g( ﬁ:ggrg 13 shows the observed

dlfference |n maX|maI Iucosee

between the patlents receiving
A Raugdamized 2 Ge l9d Siadyp E Safely £f Inhaled

dose of 30 uaaerm@nma%giumase E&ﬁ@ﬁ&!@ﬂ&wf@({ﬁBQ riﬂb@ét@ents were
50% of the level for the patients in the control group. Also note that the

[013Hveragteghiessbeexcursionpwadeab putrasreng/ dibausins Galigédidwhien the Témall
Manmﬁﬁmsm@%sﬂéetﬁé‘é@%ia%ﬂ:t?’i%f%ﬁi% QRiyned e/l lré?%i’é’cﬁthﬂ?sw%r eariy—
has ]tha %Sae g lgsoztr! | Il{wclggfertreat erllt glﬁ%t] [ﬁT%cosylated hemog|
P il bATC) Tesults were analyzdd 5y ot Rl B\%‘EE?R:&?%%{]I% gtudy
was BeRfYeieths Mnﬁéer@eﬁ%e%w%mmﬁww FRddefirtety priviretedinsblirding oral
agenaththase Mﬁm&dﬂf&ﬁ&ﬁt@ﬁi?%’)t rgﬂ %f?memﬁiag{%@@%%%gg@ﬂyge%ﬁg 2 the
mitan ete s)..for.a u
e R R A R S A
Tech r\emllt{lgé{gbgﬁ[é i:m|§rgf gPeetGabigusy, containing between 6 to 48 units of

human insulin (rDNA origin) or inhaled Technosphere®/placebo for 12 weeks. Tl was

inhaled at the time of the first mouthful of food at each main or substantive meal of the day,
amounting to 3 or 4 administrations per day throughout the 12 week trial. Subjects
continued whatever oral diabetes drugs they were using prior to entering the 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 paints, and Cyax and T, 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

25



as well as for the ITT. These results are summarized in Table 2, and for
PEP Sub-group B in Figure 17. In this "individualized dose" study, the
mean dose of Tl used before each meal in the active treatment group |
WeRHASF6%mately 30 units, with 28 units used in PEP Sub-F§rolS2a0eAt366
.33.5 units used in PEP Sub-group B. Table 2. HbAlc Pharmacokinetics
CO”’%"?‘I‘?H&@ R PSP PIREE S PR RRASIRG SR Bt pat Bavid fakwaspiggared
at thrteitin Ao Béaselingloeces 5%, TibMean Arfranidasediser<ud2nipa0. 0928 hetry

was HerOrtRsOHRN Jire AMPEKISBHIISE I%?QQSEOOQQ%L%S\E; EIZBI\%.SUQGQA’&?HQ Ben inhaled

= = =17 M HbA| c Baseline (%) 8.52 & ean A from o
e R8N S SOt PR B 61 "l A eI IBESBEure. Vit
90 585070007 16 WOI200&/ 1058810 CTHUSRO0BLOLABE SePERS Uhegsabipd began
eatintthb RS2ART 3DAean HRAIG/RasSINR M 1S ﬂa@%gﬁ%&f@%g%ﬁ‘al Wcose

-0.1 :O.129% :O.4i%pzo.0%_%%%0@arlson to Placebo <?0.05 [T A
et R S el T AT BasEm @, 78 785 Fies afer
begifiRg BgdaRak %) -0.31 (p=0.0020) -0.72 (p<0.0001) Comparison to |

be =0, 0 | of severe hypoglycemia occurred in

R e o el R A
challgDaddit eitificanihtieseirdan Thess rapf i msctivinasplaestsorandrigure 1),
Thushiote phaeisingxpbs(Fableqkstables3AlTidancei@lynagermimafiRl glucose
EXCUP%W?@%W ﬁgﬂ?&n "5@"}“\9@1’9 fi‘ g&rgeeac hrﬁ)@&ge{g(%ﬁ(ﬁ?g I%EE 8%%‘%?g%ifference in

Technosphere/Placebo Hypo ycemia (% of patients
X Gl R 0B B0 Yo RS 10 13T Wi TP e BReLeBE, versus
thosgnipl tikiregridietertlifflstin thebqpacitysefdheol Ungdan=caraog Bea0Xida)s(dabie: the

T peleMENL SRR O YO HIELARS SO AN IR B, et tre
forced vital ca i%%/%FV ) showed no significant differences

| .
e LB UM BV AR R bRBE VHIETeh CoRyaRIapieres
the stilyeshitsottioion obcsiviRg praddbds (Fithuneti®)range that is a goal of clinical

treatment.

[6134] Glycosylated hemoglobin Alc (HbA1c) results were analyzed by a pre-
determined siatistical analysis plan for the Primary Efficacy Population (PEP, defined prior to
un-blinding as those who adhered to study requirements including minimal dosing and no
adjustments of concomitant diabetes drugs), for a PEP Sub-group A (those with baseline
HbA1c of 6.6 to 7.9%), for a PEP Sub-group B (those with baseline HbA1ce of 8.0 o 10.5%),
as well as for the {TT. These resuits are summarized in Table 2, and for PEP Sub-group B
in Figure 17. In this “individualized dose” study, the mean dose of Ti used before each meal
in the active treatment group was approximately 30 units, with 28 units used in PEP Sub-
group A and 33.5 units used in PEP Sub-group B.

Table 2. HbA1c Pharmacokinetics

Technosphere®/Placebo | Technosphere®/Insulin

PEP n=90 n=42 n=48

Mean HbAic Baseiine (%) 7.75 7.74

Mean A from baseline -0.32 (p=0.0028) -0.76 {p<0.0001)
Comparison to Placebo p=0.0018

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

Mean HoAic Baseline (%) 8.52 8.72

Mean A from hassline -0.51 (p=0.0084) -1.37 (p=<0.0001)
Comparison to Piacebo =0.0007
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Table 4. Pulmonary Function After Pulmonary Administration of Tl DLco
Technosphere(r)/insulin Tech nosphere'/Placebo 0 weeks 24.94.8 26.5
wor Bobddougeks 25.0 4.5 25.7 5.2[0137] There was no evid](;:é'LKC/%%;mﬁmm66

induction of insulin antibodies with Tl (Table 5) or of weight gain (Figure
PEP Bhdgriie NeIg5WeEK period of gxposure. Tabi;:ﬁ:?. tncidenceof;
MeanMiifoodbesdindnsulin gfter PUlmonany Administration of T+ Tech g
Meamogphérsiiiinsulin Technosphere(p)/RlacehasNegative at VISt lTNegati@o
CompgrigegifodtiegePg Negative at Visit 1/Positive at Visit 9 2 3_Posiivesat Visit
—]élﬁiw 10 Pgsitive-at-Visit 1/Negative at Visit 9 2 4 27 WO
e D G T02006/032347 (0138) I cofclusion, i Sfkly has
MearPERIATBIEIGE GIat Tecnmospherety primenaty; 1St ifb?ﬁ"fé"éﬁ?'tﬁg ﬁf
Compasskinetessiothe early phase of insulin retease; when uat:dpL_Lb.Mﬁ ents |

with inadequate glycemic control previously on only diet and EXErcIiSe

one qr on_.oral agent therapy, safely and significantly improved glycemic
ol i A SNSRI CRAEHEE Do, Here was o
statigherlvtriendcaid dlifeapnisonicte roeeh depoytomaittewelybbesananssaaubjects

rece@Viglereemf avemdkinpastng wulrﬁ%\@@?.function- Example 6
FDKP/Insulin Provides Glycemic Control When Administered From 10

Tablg/d, insdsars efisutr divpemia after Redminndminis i {0139] A

— x - :
clinical trial was conducted to-?élc Hg_ g]l;ge% Iﬁ% : [geflelg ;n s%rhereﬁlgljacebo

.. . L
I AP
JUIIIIUIIalé], administration-ef-an-BKP-tasulin-compl Ly - pow

(ERREDRTRIRN /K538 Red to_as Teéﬁr@gSDhere(r;/Insulin, TI).38@ects

tigrediyperiadmlsatiosedip were not receiging any drug, other thangnsulin,

for treatment of their diabetes, nor-any otherdrug affecting carbohydrate

metabolism. The trial was a Prospective, single-center, randomized,
10134} ossobEIMBRN. x5aiefuiRFint BakAig DireatfiBivsirsitananbanistitsidom for
carb;n;jmmm@ﬁmmdaawzedfm &Q:miﬂézrbef@(r@@l@)oh@rs@@ﬁa&,ly?nd total
alvaddsfar i@t , 8 in_after (A30).eating.an isocaloric

i ﬁg a %ﬁgf?rrzlﬁfle H;g(t)g(kgéé or ’y*?é’r%g oHrEl)cw ?%{ %z{sl)pf)I XM %e@%ﬁ?ﬂ%%%l stween

bate %ag. Eaﬁ:ﬁogﬁiﬁy%e& F@c@%opéﬁ%%‘%f‘ﬂéeéig?ﬁ FOSEmIRALAINGR 6Psults of those
recelgifenitdseriaeidribureal Yombinations (i.e., B10I, BIOH, CDI, COH, A151,

Al15H, A301, and A30H), on separate occasions and in random order, with
Tabig> ?ﬂ%&’\‘/‘s&'&%‘&%&%e‘%\%&‘ésﬁe‘{mfﬁ?@hﬁ%ifﬁ%@@%Q’GrE_20). Blood
samplled.taken before angoriRisaipgaftherst Ak meake/piacebo

0 weeks 248+ 48 285+586
12 weeks 250458 2574582
[0M137] There was no evidence of induction of insulin antibodies with TI {Table 5) or of

weight gain (Figure 18) during the 12 week period of exposure.

Table 5. Incidence of Antibodies to Insulin after Pulmonary Administration of T!

Technosphere®finsulin | Technosphere®Placebo
Negative at Visit 1/Negative at Visit 38 34
9
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 2 | 4
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consumption were used to determine pharmacokinetic parameters for
glucose and insulin. [0140] The dose of Tl was individualized for each

WQJ&(}}H%I;JE]? individualized dose was based on the carboh%@}gsggﬁgﬁg“

of the meal to be consumed during the treatment visit, a correction factor
[0138]r TI bieavaitakiliy, ane m@d_@uaﬁct@@mm@a"izragy!'rﬁe@ﬂ@gsr(g.%@vg}jﬁhonaw
sl ag,nd?et@[g%%d during.a irellr%}lqﬁ\éyew it bﬁfore the first treatment visit. _

“The method of dose individuanization Was CarculitdFdibaRareatifent ussd in

ratispGvyBCBIRARGHES I fEMBR R AR EioUsld @secaly Bt &Y &:80dB8441dne or on
oral wméﬁmzwa@ thes TR WG BOAARIUSIEE A no signifoanty
: Ot~ | unit) was 1/1 e carbohydrate content (in grams
s %%ei meglé%ao @%ggﬁ | u%@ﬁ"(ﬁ%’ﬁﬁ‘é’%‘o%%’%%’ ﬁﬁﬁ‘g@ﬁr ﬂ‘ﬂagen ency toward
WeighY pRifc AtfibmesidrNcrefpaembinast WO H0Bs D558 on.

PCT/US2006/012366 Fi was the individual insulin factor, equivalent to the

units of insulin required to cover EarenB&6 0.30 was the correction factor

FDKe/HEnioRMsiabilty, k2t Aier aaleH atinn.iths dose of i wasLownded . 5,
to the nearest dose Egat ?Om?j bet a%mlr_us,tered uSIing muftiples ortne T1
cartridges, which co e ; ; f . [0143] During

[013¢ratmenkivisis riaswia Wasinfused INAYanQHs YAl Jat eotfir%i%U/Ql g%imonary

pifiary

and glucose was infused at a rate adjusted to achieve a stable ¢
adm o L O R SR T e Fah G0 T A e e to

as T?ﬁ’@ﬁ%@?ﬁ@?ﬁpﬁéiﬁ‘,aﬂd/@qm@iﬁhwati@ftb(pﬁﬂsdiahﬁimWmmatimﬂeéceiving any

drugWiiteut AdiSIaAR! wIBedheRudy tVaN A RI00d SAINCE NG @ir, affecting

carb glgd atvarying intervals, starting at 45 min prior to meal consumption
R 4 aHEP cndlTBIBNoT e ARt drciomiz=c,

and continuing until four Rours rc
Crosyeyen Ricddabamifition"dranb e fserarmpyluisise lambsesubjeitsitiled a single

indivicanianirasiensn [ikAddFherimanetisey vasableyashlogd alierss, o 5

. entratio Il roviding a profile of the blood glucose
i %g%ge{rﬁﬁgﬁio%fﬁqovée% aﬁécﬁ?&c#%%%)%%%ﬁn% i |g?ra’ffcﬂ3, file Brpstpaioric (H;
ApProYfifRIEly dfdsh e Aiaes sweiect sasine ¢ atechanb tisecighbmangible timings of
admithﬁMM@MﬁTﬁMQﬁ%.IFBdSE?@II@@I,@DP@&@_&XW?&?@E&M%H@@?OH)
' minimal (Cm: se concentrations, after the start o
O,ﬂ _Sén%ﬁ%?ggg%n’?“ ﬁo%a?cﬁﬁ%h?é f%?%gs%ﬁﬁeﬁghfgsg m%%%W@ PRY5ID S aiment
Vislts g S UaeentRiRBRS 2B T IHRAIREGH: cortefidonbterenhéha/dlues meai
consrmpotov@raes<d maieietimiestorGrmacokmen), ardrisns deoagt BHERSR! insulin.

xcursion above. haseline levels after start of meal (Tx).
{014tﬁ Sl[%e %ose of PI was individualized for each subject.(Th)e individualized dose was

based on the carbohydrate content of the meal fo be consumed during the treatment visit, a

correction factor for Ti bioavailability, and the subject’s individual “insulin factor” (Fi}, which
was determined during a preliminary visit before the first reatmeant visit. The method of dose
individualization was calculated at each freatment visit according to the following formula;

IUdose = (BE * Fi)/0.30
[0141] where:
IUdose was the number of 1U 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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Area under the blood glucose concentration curve (AUC) was calculated

using trapezoidal method for three separate time periods: AUC: from 10

min before to 240 min after start of meal AUC1: from 10 min before to Tx,
B0 From Tx to 240 min after start of meal. Blood gluBG&8752006/012366

co ion) hour (BGJ1) and 2 hours (BG2) after start of meal.
[01 HOREH IR COMPAPRLIS BRtWakh I st R GRS cover

glUe¥sEB=Nd serum insulin baselines were computed based on the

average,of the s4mard and.:29. /jn, pre-meal measurements. [0146] The

secondary efficacy variable was serum msu ifY concentration. Insulin
[0148bsorphdencasastumibe tiobe ontdeperdenhaidhe tiaaieastorelativetiRid be

admime@lRdlig Pharpreekingts prafile.for M%Hg%%g%%?é%lf ggé%%‘sﬁp Phhsuiin.

serum insulin values 29 WO 2006/105501
[0143brmalRedhbirelggwrindsiisintsdisingstinfesas Trafonalbigaiaseiss Meri/hour

and GM@sPRAK insidkin &%Q@@rggﬂﬁie@%ca@ﬁg%qgdﬁéﬁ@eé%ﬁﬂg@ blood glucose
ConC%%Q%ggrt]rat!%ril tlﬁgg Furvee)é T@ax (time fro!m dosing to pea ]
> Concentration), time from Hoin{Ptd T L 8o BPE rsel cansHstion, adpr T
inhalgies. fFiR MHsRtVsDvpRfinsibsevifiOn adilatears ofy g teccaladifatéshous blood
samleboustogesenal weliofidoriomuRoUISHFR) 4 0 th 9P WAL o and
intra- rzindividual variation was determined as the CV% for the
e O e Ao 5 F e By WREAey amapleston o
bloog {sempbalitaed dadcwedrinsiBreonrend@éenef timing of administration of
ont RiRaselipe-corrected .blood glucose concentrations
[mﬁgaforehzjrll%ngﬁt@égn isocg oggr grghéyb%%:ﬁgﬁgd r#eua? ?seiIFl?sri?g?eggfm:iéﬁréN ell as

Proviging 7 (REPHRNTARNB AR BbisaRRiGRNeREriinthestompmatiker T and meal
admigiediatiion$iiniitoo ighssesmnyeniteime atenaftesibeduprr caleniad®al following

pharfRRibRRISQRAIPAGINGE s iare StlaL INRLOTle for; the two meal types but

were dependent upon the timing of administration o Tl (Figure 21).
NOYEBi Al erT 1avasTiinirae d Q6. mirobefokeceithepnaealiere wWas & start of

initiad flesreanpion Riere-alucesslsyrlsAfiss reaching a nadir about 10
min after the start of the meal, blood glucose levels rose above baseline

leVAIRIEB Y oximtiesR derash JanserBptisnm pheisShinhdieivnT borassiah e taseline
15vaiu@8.min after the start of the meal, glucose levels rose above

baseline approximately 10-15 min after starting meal consumption (Figure
213."[51%%3]‘%6&:&%3&@8% 8§ PrarfTacbkirgtitprriantsicatmosleadirsion above
gliresstrlyaingfeachrttgpmedifeal and for each timing of administration

of Tleig %pxgwn in Tﬁlﬁble 6 for the primary efficacy population. As indicated
bypff'ue SR niRimaRT LTBEE3RUCYRE AR GHAYS, eE@Y §YGHRIAGeUsing
frofansaekim el fivitihh peserboftthierareeriodder the glucose
concentration curve (AUC1), th test reduction in blood glucose
ocCurre d%v% r&wﬁg(gazn%e?bre ?ogggg min after stari of maeal

AUC1: from 10 min before to Ty, and

AUC2: from Ty to 240 min after start of meal.
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 measuremants.

[0146] The secondary efficacy variable was serum insulin concentration. insulin
absorption was assumed to be independent of the time of dose relative to meais. The
pharmacokinetic profile for insulin was determined based on serum insulin valties
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inhaled 10 min before subjects started eating either the isocaloric or
hypercaloric meal (Cmin -21 mg/dL and -27 mg/dL, respectively; AUC1

% % (,?07 min*mg/dL, respectively) (Table 6). When T!P\(I,V?‘/%ézpm/?us ”
"15"in before or immediately before meal consumption,

tely. D (
nom%ﬁ%i%d?@%éﬁﬁggﬁgna%ﬁ‘n Il’t,}ﬂaag or?ﬁsgcla" g%ove éase me%?fe(l%eﬁ Erﬁﬁnsmm

concsgtglisn) F&t@re(%élﬂﬁ‘aic%\%dr“ﬁy'%&?ﬂéﬁﬂé’ﬁ?m {rebrigy) BYMax (time from
dosing nparaorgnereraflinydsniate diesthg td Fatinsos:36F min, adente.stashafime
fromMeal GoBsyTRLAR, Pductinns in b'y%% R YLBrS-SMRHE! (G ?;dza]aog o

/dL: AUC1 -141 10 -176 min*m ey occurred sooner
L s e e e
as ihar@‘é% fodividuabretindtishsic hloat glucbse were in subjects who

hale | immediat g{@before |% calorlc or hy ercaloric meal

[o14 nsumpfe of (CaH, P58 g file AR d 57 t?jr?&?ng e chleRyTdigWae effect of
trmingo(g@/ EOSR0SIRETYUS20( 1870 1R366=Tab(EB) DanuitaryoiBioodiBGilut]agecose

con@h@éﬂﬁﬁ%%ﬂﬁﬁ%ﬁ’@mﬁr@&iéIM%@%J&QTH?& mé%pi'g‘lnﬁifﬁé‘amphgure 21
Technos (;{g/lnsulm% cal I\éﬁ&% @ercalorlc Meal Timing of Dosing

for ttiﬁrﬂﬂrr‘@% osing B8 rAl Vﬁ 5%@%%5"%?%@%%%”00%
while \qrepssr fter dhgNpagrreiqea mea\ thep) te<aoualpricapal ménénatyid) iR grofile for
the tvlBrrikhi- a@e%miﬁwéﬂe l@;(elrﬂv)eﬁt@p&@hg )n&%élﬁ)a@r}na(@t&r&mo@"ﬂ g9 21).

A SRR A I

sigeRy %‘55&\ ?(Fﬁﬁ?ﬂﬁg/amaweb@&g O1ip affs 100 tastle thagnaed1blood
gIucc@@éﬂ})v@d@:)s(d&ﬂ&:\(é_Eﬁ&dﬁﬂb@%@dﬂ:ﬁﬁﬁfﬁéﬁ%;ﬁligfdf@%é&%g@i%&é@%hen
o o SaaLy (D0 a0k, AU e ATy T s Eobiine
appr§ E@Q’s&i 8 %ﬁf@ﬁ%@é@’ ?B@%@TR?@M@Q #E39))(4895) (5840)
000 ISR S AL R 000 ) b
v (337 3 3304 ) TIRCRLED $6.6 Sookariniobias oy dne prmary
efficacy 4ppgiation. As indicated by the mean minimum blood glucose levels (G,
expressed as change from baseiine) and initial period of the area under the giucese
concentration curve (AUC1), the greatest reduction in blood giucose occurred when T was
inhaled 10 min before subjects started eating either the isocaloric or hypercaloric meal (Cmin
-21 mg/dl and -27 mg/dL, respectively; AUCT ~722 and —-907 min*mg/dL, respectively)
(Table 6). When T! was inhaied either 10 min before or immediately before meal
consumption, biood glucose levels reached a nadir in approximately 10 to 13 min {as
indicated by the median T}, and did not rise above baseline levels until 20 to 30 min later
(as indicated by the median Ty) (Table 6). By comparison, when Tl was inhaled either 15
min or 30 min after the start of meal consumption, reductions in blood glucose were smaller
(Cuin =10 to ~13 mg/dL; AUCT -141 i0 -176 min*mg/dL), they occurred sconer (Try, 3 10 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 TI immediately before isocaloric or
hypercaloric meal consumption (Cpy, -58 mg/dL and -57 mg/dL, respectively).
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All values are presented as mean (SD) except for Tmjn, Tmax and Tx,
which are median. [0149] Mean Cmax values (expressed as change from

“}?]aﬁ)%l )F UC and AUC2 were generally comparable Wh%@]elij'sl'm\(v 2366
given b ore or after a particular type of meal, though all were {Ower a%

TabiE, issalnE BealdbaLine Qy@mmg&gafé 8ol L T T
Timiy@MAdn il anaedd €938 min € isodaloric

ore manl Mean bload

and-between—156-to J.O ||qur0 the-hyperealo#
3\

glucose levels-ere-hour Bl andtwe hours (BG2) after bReepigiceal
meal showed-no-co ch}@M%BﬁB‘?ﬁ'ﬁﬁh pta time! of inhalati®fo Pi Pefnive

to either meal (FHhle 6) Bthdugh'BG1 wABlowesBithen TI®0as givets 10| A30

Paraffighefore théNstédt of BiTheal dhdiBighdsEnten @iver) 30 minaftentke) | (N=12)

Cmin (staitLof @ meal-30150] Free comparative effects of different imes of .k 10
inhalation on sélécted dgitidose pharmacadkinetic p@ametersayasg  (7) (7)

T (EPriessed as atatio:of the value &t the cogresponding CO (e, B1I0/g01 3

Crax NB4CG0, and A3 CO) fogLach mgal ty pe.ghhese rajps, alo%_wi h e 113
95% confidendesintervais)(Cl), queysummeadized indgble 7 (gjmary (sq) (47)
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than that of inhakation 18umyin) bqﬁggge me@{ fggnsunfgqqg)n O 38y (148) | (149)

AUCPIRIMAGAKINENC, BATAMEIEE (1.6 J&O T3y '51‘75@%" O®2 T 1ad0z
the 95% cl? 3148 20@5@9%%%91 /L(J;%ggpe l04erS6. RGP aﬁﬁéﬁ{ _ (8968)
AuC WRIRJRET TRNgS), MOt Lomparisprs alsay ”“‘r‘ab differs! L AR, | 18261
TI |mmed|at(=ly5§§jpre @9@5 coq‘wt @4 15 r@g mi ?6 3’ .+;€8§ 7"| (8982)
nsonfor S P Iarmacogmetcarameters 1<eiattve-to
oet nh':allg)zon of Tt?%nospkgr)e(r /Inégiln m %%Sjlatelyag;fore V\igel?l (if) {gi)
BG2 mpIIO TSEIE d.l(.lll., lt:cu torigivte IRat.GG T\,SL to o5

Ster enceP ete ocfjg§ o Re re”‘eﬁ%ﬁra,” ‘?3?&,9/&% (48)

I {m’“ﬂ' S ﬁbjéﬁ 8 005 abe B 4a1 1. 345 0 bod Beah 103
All =P oD (7565 51 oy (rer A9 1 997/ 9B #Feaned)
(O 470 2112) AUCl 0.608 0.300 0.214 1.995 0.381 0.334 (0.133, 2.775)

[01490.067 Me334),(0:9h R0 8630803, AR &%%s@inﬁzé?)ﬁ(gggggaoi\%)wem

848.0.778.0.814
o i B Ak SN s
all werpdewer afiep egosE 0 De! (Garpthel yeeyo@orie Imesb (B e 809The median
time 1065:4), (0. A 7rabgt2bh¢va86,120 98¢ (B5Minkisi8hr AMGIdnd0Rsdi 2R between

150 &-448 Ql%z%roﬁ?esﬁﬂég:&oric meai.l Mean biood glucose ievels one hour (BG1) and

two hours (BG2) after the start of meal showad no consistent relationship to fime of
inhalation of TI relative to either meai (Table 6), although BG1 was lowest when T! was

given 10 min before the start of a meal and highest when given 30 min after the start of a
meal.

{01501 The comparative effects of different times of T inhalation on selected glucose
pharmacokinetic parameters was expressed as a ratio of the vaiue at the corresponding CO
{i.e, B10/CO, A15/CO, and A30/C0) for each meal type. These ratios, along with their 95%
confidence intervals (Cl), are summarized in Table 7 (primary efficacy population). These
resulis indicated that the comparative effects of inhaiation of T! immediately before meal
consumption were no different than that of inhalation 10 min bafore meal consumption an

any pharmacokinetic parameter (t.e, most B10/C0Q ratios were close to 1 and the 95% Ci
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(0.555, 2.200) (0.378, 1.380) (0.671, 2.310) (0.426, 1.238) (0.448, 1.266)
(0.553, 1.500) 3G1 0.833 1.203 7.932 0.768 1.256 1.985 (0.451, 1.536)
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All vasliardPprasaTdes ks et Peidmnetdrs ye Mesalaind Timing of

Administration of Technosphere(r)/Insulin Isocaloric Meal Hypercaloric

Meal Timing of Dosing Timing of Dosing BID CO A15 A30 B10 CO J Al15
[015¢]a30 PhgapraedaNSIDRON Y20 (R ) em2NgMnl@nies i N=TI2) profile of
the (ﬁéﬂﬂ:z)sﬁm%@ﬁﬂé[%@&ieygég& 2h50kA LobAdeh3ibA3 MRt atation is

) 0 1 114 163 T tes) 1515151020 15
s A P e e vos doelisbperease in

seruq]lgggm lmmed;atey after inhalation of Tl, which was independent of dosing time and
meal fype. Serum insulin concentrations peaked approximately 15 min after dosing and
thereafter rapidly declined until 60 min after administration, after which there was a slower

decline, consistent with first-order elimination.

10152}
of administration of Ti relative to each type of meal is shown in Table 8 for the primary
efficacy population. Overall, the mean Cp.. (expressed as change from baseline) and AUC
values for serum insulin were generally comparable, irrespective of meal type and whether
Tl was given before or after the meal (Table 8). Irrespective of meal type and time of dosing
relative to the meal, serum insulin concenirations rose rapidly after T inhalation, with the
early Tsoy, ranging between three and five min and peak concentrations being observed 10 to
20 min after administration. Thereafter, serum insufin concentrations deciined, with the late

Tson ranging between 33 and 43 min, and again showed no consistent variation with time of
inhalation of Tl or meal type (Table 8).

A comparison of pharmacokinetic parameters for serum insulin for each timing
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(15681) (17449) (18373) (14838) (7623) (7313) (16785) (13210)
EarlyTsO% (min) 4 433454 3 Late 150 (min) 40 40 33 43 43 42 39 39
w%llz}{&ng_%(ﬁre presented as mean (SD) except forT,max an%gﬁﬁm\g}v&iﬁ% o

are median. (0153] Thus inhalation of an individualized dose 0
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Late ¥QIUM®)IN one ggcond). gXCIUSIOgLCriteTia were didg tes m%itus typi}l o s
Al v aYSEeEn T MESHTeBUges, NEgR,of (YRarspiRiiyty o the

U
study medication or to drugs with similar chemical Structures, history or
severe or multiple allergies, treatment with any other investigational drug

[01530 the testshreiBiontas BefMesieY-EAtHsSY Qﬁr%%}/&/ﬁé@%@i Ceonirol in
subidBIRR L9 RBIEO R ARNIRC LTSI ud INErapy with ORS GHLgs

_history fgnificant Cardiovascarar resplraf'c?r%,rgggﬁr RIRESHRERh stz were no

differrsises RlporbgiERCasiRisRmi dnantindrasesarologitaind seaseioisgeiiog relative

to theespiatohe ractinfestism A Tsubireis qi@ﬂmadt@eg 3@?&%@ %ﬁ@%@g\({)ﬁf first bite of

, or nicatine use.

foor B L By e e B o e Rl e e
POSISFRARIRERAdays, the subjects came to the hospital (fasting, except for
water, from midnight onward) at 7:30 a.m. The subjects were restricted
from excessive physical activitié&andeh intake of alcohol for 24 hours

before siggtutreatrentnsiay i REYeWBIS-FaRHo B AS IR ;@&ﬁ%&'ﬂ&]"f the

three treatment arms. The subjects received a constant intfravenous
[0154kgulaBubiatémans Methinfission, which was kept at 0.15 mU min™ kg' so
{015%16“ se!rﬁén %nguu%scggcgnt{géi%% \g%re %sg/tablished at 10-15 pU/mL during

perio st% 0 hours'be ore time p A THE WRlHaEEEsi R BiRwkeria were

good hsatihs YAsSH gy i rartinstippress éRdogeneasinsglimsesretior. 18 o
26 kdAoodgloonyewaskepleeanstptbaia IRVEbOL 4 | /sec measured by a computer
assisied spirometry and a FEV1 equal to or greater than 80% of predicted normal (FEV1 =
forced expiratory volume in one second). Exclusion criteria were diabetes mellitus type 1 or
2, prevalence of human insulin antibodies, history of hypersensitivity to the study medication
or to drugs with similar chemical structures, history or severe or mutitiple allergies, freatment
with any other investigationa! drug in the last three months before study entry, progressive
fatal disease, history of drug or alecohol abuse, current drug therapy with other drugs, history
significant cardiovascular, respiratory, gastrointestinal, hepatic, renal, neurological,
psychiatric and/or hematological disease, ongoing respiratory fract infection or subjects
defined as being smokers with evidence or history of tobacco or nicotine use.
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90 mgfdL throughout the glucose clamp by a glucose controlled infusion
system (BiostatorN). The glucose clamp algorithm was based on the

waf Eﬂ(ﬁ" m%ﬁl;ured blood glucose concentration and the gradg @r(;g\(%{%( p

in the minutes before to calculate the glucose infusion rates fo eepl
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self-assembles into an ordered lattice array at "particular pHs, typically a
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insufiatsgt -pendidioatesprasiekt 1] Results [0162] The pharmacokinetic

sults are llustrated in FIGS. 23 and 24 and in Table 9. 34 WO
ot YA et Oses [0163] Efficacy Results [0164]
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[0160] In this clamp study, inhalation of 100 U of Technosphere®insulin was well
tolerated and was demonstrated to have a substantial blood glucose lowering effect with a
relative bicavailability of 25.8% for the first three hours as caiculated from the achieved
serum insulin concentrations, Technospheres® are micropariicles (also referred to herein as
microspheres) formed of diketopiperazine that seif-assembles into an ordered lattice array at

particular pHs, typically a low pH. They typically are produced to have a mean diamster
between about 1 and about 5 um.

[0161]  Results

i0162] The pharmacokinstic resulis are illustrated in FIGS. 23 and 24 and in Table &
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three hours and 16.4 7.9% for the first six hours. Table 9.

Pharmacokinetic Parameters after Pulmonary Administration of Ti
wahahpasakinetic Parameters Intravenous Inhaled Tl SubcuigiegtSos/o12366
Administration Administration Parameter Calculated on Glucose Infusion

[016Rate TEEERypBsLBsmin 60 min Tmax 14 min 39 min 163 min T-50% 82

min 240 min 240 min T to baseline 240 min >360 min >360 min
[0166]  amétbaletione abifd shahsLipveded|s P« insnlD. SangerRtatiom aend? min
(intrdvenbud 3wnirs 1240, mimifﬂ-ﬁaﬁl@ﬁwéﬁm 3§Gﬁimhﬁ5g)m%@1Tn{|91)b§§§'H1?aﬁ9n of the
: [ i ing *ti rom baseline to - imal values **time _
s el i e iR s, B S e o s
meafyighPYrBtRAtR BiieTes/ IAkunRaked AfitoWh TR safeinaf BatiéhsinDar lasted
for npatiehhinvas) eanghingdduring S nfsalation %&u%idwafwgﬁasﬁi@y@m%m%m fo
i terigrationof reathing system. 0 sion § .

v ag&%%ﬁ%%?%ﬁ%%%%@%i‘#ﬁt{i%@%%ﬁﬁﬁgﬁﬁegﬁgﬂﬁ%&% ot s
houg, REGHvE LopQirRIY srRBePgTtRatse BarRtrairwash2S Fetalil@ % for the first
threchimanadabifibdof 23B%Yofdndiesfisst Hbwee hours as calculated from the

ieyed insulin concentrations. [0169] Summary [0170] In this
Tt RIS AP S S A6 CH R AR HIPAER SHBfocs t

have a time-action profile; With a rapid Pggak O ISt IC L,Ull'llfﬂiiUll (frmax:
. . ersS
13 min) and rapid 35 WO-2006/105564 R I PARE S ot of

action (Tm.: 39 min) and @ sug -ri égﬂ%ﬁﬁgn over motgitham six hggggp?ﬁﬁéggi
tota i naSARGEE

B 1 Cfd.llfh_“b effect-measure ater ‘ARalat A-of 100-U-of T
aregcter (Rl URIS, o, FIUeRSa AR 880, 1) of insulin. The relative

L
CAoUITU At TrTrraratcr

Tsowhioefficacy of TI was calculated t®15irn9.0%, while tRenislative 60 min

Tmax bioavailability was determined to Her@5.8% in the firsd three hours. [087 i

T.so2, The data also show that inhalatiogp @hif | resulted in aewgh more rapidh min

T o BASEHQT action t.ha.n b(,_ NSulin i@jﬁqmn thatwas giggﬁ)n[%nlile unae;égo e

Parat B A T S Y B

Tago™ ] 2 min 2.5 min 27 min
T e 5 min 13 min 121 min
a0 8 min 35 min 250 min
T to baseline 80 min 180 min 360 min

*time from baseline to hali-maximal values
**time from baseline to half-maximal after passing Tmax

[0165]  Safety Results

[0166] Technosphere®/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 iclerated and was demonstrated to have a
substantial biood glucose iowering effect with a relative bicavailability of 25.8% for the first

three hours as calculated from the achieved serum insulin concentrations.

[3169] Summary

[0170] In this study, the inhalation of Tt was demonstrated in healthy human subjects to
have a time-action profile with a rapid peak of insulin concentration (Taax: 13 min) and rapid

35




while duration of action of Tl was comparable to that of SC insulin
injection. [0172] The drug was well tolerated and no serious adverse

@Vﬁmg Mgﬁ? reported during the entire trial. Example 8 Pra 8 1S2006/012366
echnosphere(r)/Insulin Provides Significantly Better Control 0

onsdVgLRBlA QWQQ% 5&@%8&%&&%&[&%@@%@ ﬁQﬁ%HﬁﬁQ&z’ushnfh@ total

meta{Ol??’% Technosphere/ nsulln (T1) 1s a dry powder formulation o

Ralf ﬁ%ﬁrﬂﬁﬁémﬁduﬁétﬁw%ﬁ{ﬁ%ﬁé&% W phdlyYeikateRibaAler subcutaneous
injeciiiorop#itities indidichbsphetddrisiubfiiveap oieTiveraddhicpatatonasy 19.0%, while
the rRARVDISHRAORMNID RadRERAWARE IRNaleSs Vied Tans() 4nkalpn),.

accomplishing a rapid onset of action and a duration of action ong
[0178houghTte celepimesiaw| Htadgiaedse abbomgtidiedThe priviaryobjeciveafet of
actidhihaugy:. WaSiFPinpRseRs s Asanekefirary (SHS@E%‘F&%W IV insulin injection,

whild ﬁﬂpél%lster act'llg)lncc%r%npared to sub tan Ouéﬁ(%% uIar insulin on blood
LY DR Ao B P T RARY H PR AR ofs! Tﬂ?ﬁ?@mteen
[017@PN-SMIdNgrsy st salithol¥prsd diaBetessarin S 2diange SR68) WES: reported
durﬁ% 2&@&% § -34.9) kg/m2; mean diabetes duration 12.3 yrs; with normal
monary unctlon (forced expiratory volume in 1 sec and forced vital
capacity >80 % of predicted normalgg and treated with intensified insulin
therapy were enrolled in thls ran 8open Iabel two perlod

mhaled Tl 0@?0((:@5% @@u@;&aéefhaﬁr%mnsaemgn%egﬁmak

respectively, while contlnumg their usual basal insulin therapy. The doses
[0178} T1 ankeSOorRIfIA Wesdiididinied dringveden fnriatiouse pered insulin

comptigngo randamizaiemplksenosphereglinesin WatsiBhNed 48N ariddd ficies,
Tecr%‘ﬁfs @%%H%S;M' gs%qger d{:!ckg hﬁl%{rméfterd?mmst{t a}!%{ perlo%%#&?gahaier

sub ectsa ministere aSSI ne pre-mea erapyw

W%?O*ﬁ da%%@&waeﬁﬁhm@drg%ﬁ@%mm@mm@@rawpafrmm long
enolbkitousival activitiescantldebiabototidnlasiss Qmmﬁj@i’cb@@ﬂﬂgﬂlﬂgﬁ? was 1o

2ssRBd SEHThNSHAR( N@r%%é@ly a%ﬁﬁls%%%r ]rge'% Lérll é? kca\E%‘f gheous (SC)

conditions after ingestion of a sta ize rea ast

reguial BSHiPAREPE SHARRP RAPPERRIEIONP ST (b 5AY EERIDESE FRERIA 5 IU of
[017%C 'nsgikﬁbe%Gn%Qr%QQﬁélQéﬁQétsPﬁF/ %@@@/M%JQ%@{FWBS%? -69) yrs;
BMltrg%é?g#\%hﬁ%ms in, sub ects demonstrated insulin median Tmax o

I CIRGR of B4R TP Borkbaritan WiAePPEat Ryimonary
funcmth(fnrogdb%@@i@em@lnmmdi insalinhédian TimdcataehniBane of predicted
nomBgPiaa Geaas ofik0Rdnek (FiaarRledtal sl RXROsIY SofRastl, open-

ol oL A o M S e St
inhaigdcdisiin bt %%@a%@ﬁrweb@séwmntswm goang/dieethdrApetialy. while
contWa@isdl QA2 oimMgsedl. IAsuiin therapy. The doses of T1 and SC insulin were
determined during a 24 hour in-house period prior to randomization. Technosphere®/insulin
was inhaled using & 12 U or 24 U cariridge via a hand-heid inhaler. After an out-patient
period during which subjects administered the assigned pre-meal therapy with either SC or
Tl, performed 4-point blood glucose self-measurements, and pursued their usual activities
and diet for 5 to 7 days, postprandial blood glucose and serum insulin {INS) excursions were
determined under in-house conditions after ingestion of a standardized breakfast (496 kcal,
55% carbohydrates) covered with either 48 = 8 (mean = SD) U of Tl or 14 = 5 IU of SC
insulin.
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comparison, mean excursion of glucose from baseline for Tl was 59
mg/dL and AUCGLU was 6969 min*mg/dL (Figure 10). Thus the ratio of

“gj%g)é%%gursmn to insulin exposure in the above units, a'ﬁd‘“l%%%l%rbﬁse

the effectiveness of the absorbed insulin dose, was only about 0.76

[0178prsus\aRentbaAcpnith 8adRtid esngetveldmbnedala ACMANREAE 2 310t 100
%.reduction (%B =0 0852) C‘r ean glucose excursion and a 36% reduction

min e i gfticos8e VT HRSRG i TRB ASERERT fovth) Jdiagifaiscts
dem@@@@tefbwel]rvmﬁﬁi@a rﬁmﬁélﬂl@ BRpoRd reeianstiin ¢hs0n gblgutedFiguth®). Total

insulpaspesur® me@écﬂlt?éﬁﬁ{e@né&/%m%l somposiionoprendiah Threstied mean

AUCln S n%mflcaratlgtlg]%ré)veg 59 roI ) ost ndlal % eak glucose and total
fucose exposure compare gr'g J%? Ve iy ditrare flgan excursion of

glucessniicsh Haepiprefovsie m@urﬁﬁjlmq@m@mmmm megasdsiofmg/dL.  In

comnﬂautﬁ agan RigtRion oﬁ@i%@&ﬁhﬁdﬂ%&%ﬁ?ﬁﬁh@é%ﬁ‘iﬁﬁ%ﬂ féﬁl} -ROBSE was
in ich. occurred at a time w enlwou
6969 R‘égjto h%l}l? Efo Ds tW ratic 0 { 88% atieen] %ﬂﬁw&mgre in the

exp ect ve ane Ct on ep a'[IC
abov%ﬁl 1fr R dIEiIGRSRD Rf bR ﬁﬁiﬁ@rwsrpﬁmmjvm&eamsLmosiq@eamwonty about

0.76 perind atisLnorduhibibaidenrepeakivay dichd liaRdsamensitaied 4 alaWion (p
= 0. db‘%%)tgf FH@Q%W&EQ %&S#l"&{%“oéhdtg %é‘@ oeretguc? 1%» %(@g?t%sca?ﬁﬁg%:%g%%%gsure

lucose release but sufficient to represent a ris

over ﬁ)gﬁwmaﬁﬁﬁﬁfﬁ@brﬁ)ﬁfﬁmﬁﬁeduced Postprandial Glucose
lo17&pXCUTSioRs SdpRaibRaled fechnasRherel s CoPals “50%“’ o meal

cted R?gular Insulin in Subjlects With Type Didbetes

q“a“?tba% RNy SRR KR OVt 7171 feaém@a%wgtwwowafhponml of
posifRildias naleXpostr @rtiNSiA UIGe2d @ mis)iwamroparantabladaral sendries oniy

diforSRA8 1ikubgH Nes BRI A2 THINAMI o BRI 7% H%S%HQ&@P% fbuin
adm@ f/ﬁfand'f,loa @fg excll 3150 ?%BG -AUCo 240 mtl__n ) for T was on

69% ot th 088 B0 YB3 Ak T e e B 151588 WﬁH“HwQ?k?ESE Kinetics
and whigo@rerrag fiea rime vihgudbswechesiomeotistdirhexpasursiinithe hepatic
glucaakondstRils, subhdication pkthe rilastiveness of the.absubed WH] the early

mos O L ] G o L R A T o X & sl ise o

unlt or unit of a nsll As
maxifiRL GG YHTeERR i t#ie obel. enaest®d, inechaimdnbetiatit gacasaselecase but

suffickiranieribsestl Asrisr; (PeibO03kand medighdemax was higher (100 vs
54 pU/mL p=0.001) than with SC Accordingly, postprandial maximum

wasthe numperéﬁdi@%atﬁmﬁﬁmmg ﬁ!@&ﬁaﬁ%@%ﬁfﬁ}%@ﬂverse events

5vs. 4 episodes). Hyperglycemia (BG >280 mg/dL) occurred more often
[017 ith TIB@.%%@ gc&ﬁé%@g;,tprandlai total insuiin exposure (INS-AUCq.z40 min) was

comparable for T! and for SC (8187 + 4269 vs 8302 + 4025 min *uU/dL; ns) whereas
baseline adjusted postprandial glucose excursion {BG-AUCq.240 min) for TI was only about
50% of that of SC (5095 + 5823 min*mg/dL vs 9851 + 5593 min*mg/dL; p <0.008). Thus the
ratio of glucose excursion to insulin exposure in the above units, an indication of the
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, Tl was nearly twice as efficient in
removing glucose from the blood. With Tl, median insulin Tmax was shorter {15 vs 120 min;
p <0.001) and median Cmax was higher (100 vs 54 uU/mlL; p=0.001) than with SC.

Accordingly, postprandial maximum adjusted blood glucose excursions were 28% lower with
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- with two patients alone accounting for 8 episodes. [0178]
Technosphere(r)/Insulin markedly improved post-prandial glucose control
wePIRARd o prandial SC while total serum insulin concentratQRS eI | 534
comparable between both treatments. This was attributed to a rapid onset
T1 chheEaN@EE {BonRich ingiin Efﬂeée@semg'%fé@&h%#&ﬁ@%ﬁéefﬁé <63

" jdlﬁll’cl)e ICS. Ir? contrast S%%lnsulln levels were much lower tha during the
9k Sy BRI &Y PR RSN F P R ER R elea FrehROBE MR EdaRiRRdes)
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bio-available equivalent dose of subcutaneous insulin (SC) given before
meals. In another multi-center e 2 patients taking prandial TI
: fy ebfivng 2opafiz ‘ ieicTicy afi prospetiyeyiting,

ZWe egRSneran

onit . poglycem awasl thal % of the frequency historically
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regulgbUbEElinasWiacey oPebRdrEITe dtataiast theintortechtivertoreliipraindial) have
indicﬁeﬁhﬁ%@h&m@)ﬂﬂsmmiﬂiwﬁti@ﬂ{%\ﬁfdﬁﬂiaﬁjﬁa% @@B@%ﬁ?@@@glﬁ@%@&@iﬁ@#sabout
regel ' S e(r}/Insulin osed prandiaiiy, in addition
s S
The zdmigisiatiam) cbmepittients RisrbishivisePerbsicigewdasts: D themiidtory
patiedigvetksiigatientswere folovwedsin:thein @N@tiﬁgﬁlﬂ!@ﬁyaﬂ@@éh@fwin systems.
. i< ' y._a laced.on  fixe :
sl QUL o YR AL S DA PR (16 v

gluca RESHEIRRIVEL U FRRRRIRSr L rRaRip KRB R SagaHYaRAL Hesg GE Gacutansous
insulirey@le) agidestalsfiire dratathis toseoffbe rpaiiestsaveredinen fardorpRARD taking

prandptindled dasesmiad W#Sﬁa@m %Q”fé@;ﬁgn@%ﬁ%ﬁéé@c@ﬁ}g

Tl .
m : d
containing 14, 28, 42 or 56 U of re%ular human insulin taken at the lgnqngrggore

hypoglyCMIsa RS8P 10K D P ReTTERYSHE% TS HeR Y FRRRT R S oF thia aapwatory

useé. a forced titration scenario over 4 weeks. Specifically, the subjects, divided
) : e : icroparticl
101 3%&3{% PharSsinUially fecsivedPiache (fsshapspnerel mictoparicles .

forced titration of prandial Technosphere®/insulin in patients with type 2 diabetes mellitus

N ap-ggnmlilately © 5

subjects received inhaled Technosphere®/insulin (T1), dosed prandiafly, in additicn to basal
administration of SC insulin glargine (Lantus®; a form of long acting insulin), 227 patients
were studied over 18 weeks. During the initial 4 weeks, patients were foliowed on their
existing therapy and then removed from all oral anti-hyperglycemic therapy and placed on
fixed doses of SC insulin glargine taken once daily, in a dose sufficient to repiicate their
documented pre-manipulation fasting plasma glucose ievels and stabilized at this dose. The
patients were then randomized to blinded doses of added inhaled placebo or blinded doses
of inhaled T1 containing 14, 28, 42 or 56 U of regutar human insuiin taken at the time of each
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any insulin) along with the SC long acting insulin. After a week one cohort

continued to receive placebo and four cohorts were switched to a Tl dose
wof 2hdsoeddnsulin. After another week three cohorts were switghedoR g 33s¢

dose of 28 U, and so on until a final cohort reached a Tl dose of 56 U. All

maincobelrts therlapiiauecbed thetisamenasedostheremaitpac i, Wrekshiects,

tg H| | llenges, (309 mi
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eightpeekstsftiieatesal.for eight weeks at 56 units, the mean reduction was

79% ter than that observed in the insulin glargine /placebo group
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prove emic control of patients e 2 diabetes
0. 795/"3@@&@ iR PH Qseg/¥§ e 'm gm?ﬂ ﬂaf%g E8H# (p=0.0002).

thout igcreasing the rnsk o h pog I Cemia.
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ne
of long-term control in at|ents with t |a Yes c

epﬁc’f‘&éﬁ\‘ﬁ%ﬁﬂ%@ﬁﬁﬁ%ﬁ?% "Rﬁtﬁfh%ﬁiﬁ?ia&m@ﬂﬁ%m|@i8aa@|%@w9(mhanges
weremv_ei!@g(rjboas iaaeehnparrat@tw@eewmusﬁlgdtﬁ&agﬁﬁ W@@gﬁxﬁb@\ﬂkﬁlmonary function.
Thussi'%fé%aﬂlyw%gﬁre ROSIRRL Bl ConHahiD %%vg% I§>a tpe man,in utél/g)e?%eétabetes

e min in patients with type 2 diabetes. [ nts Wi y
WO dﬁ%@'(fﬁf%ﬂﬁfﬁt y‘i@l&?%'%ars of age; HbAlc 7.0% and <_ 11.5%)
were enrolled in a randomized, epen-lghel study to receive Tl or RAA as

Basal |nsu||n (Lantus(r)) for 12 weeks.
ad lechnpephere®lnsulin to SC

ealt t ere ¢ nd ct sess u ose ursions over 300 min
3 6 P 3 aﬁ.aﬁgaﬂgn%mncaﬂwf%ﬁam
type E@@Fmscwm@a” ﬂ«ﬁﬁm@@mﬁgswm@ rméikim uapidrdttagahgliioaselogue
(Rasexauvrsisg™s were elspavadrin FOIMQ 208R4 055A1HBE TR QRAIRLLH0Bstter
postprandial control than regular human insulin over 240 min in patients with type 2
diabetes.

[0183] Patients with type 1 diabetes (111 subjects, 18 to 80 vears of age; HbAlc =
7.0% and = 11.5%) were envolled in a randomized, open label study 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 lavels and iung function (FEV, and DLco) was

evaiuated in both groups. Lower maximum and total glucose excursions were observed in
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the first two hours following a standard meal in the group receiving Tl
insulin compared to those who were dosed with SC insulin. Over the

nglig Ing3+4 hours, glycemia was maintained close to basej&e[@ﬁe}%ﬁ%m

the Tl group but fell below baseline in the patients receiving rapid acting
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SimigE el

HRBESHPER), ﬁ%‘@rﬁﬁ?ﬁ%ﬁéaﬁ?é\%fé?@sbge?‘ﬁtﬁ‘M\W}éo RAA while
postfptswiniexpesificatiercanghiittactedsslaims are approximations that may

ry depending upaon the desweagpropertles sought to be obtained by the

fmaﬁ?esenPfH%%ﬁ RSt dnNGiRTefe Lt AP RISt 85PEpPaiRBrapRRGtiRRipTHRgredients,
propafiiglication ehthredentianevafigtuivaeiis todhditeeapesraf the gaimsiseach the

: sped?lém%rﬁcﬂlooéﬁﬁl,e%é %‘9@'9@%@%@5% 58[?1%}%%%@&'%5 Jntagnr&g fhe term

aboy{f reRorte ?Tnlfl antdl its and by applying ordinary rounding technigues.

ot EREIEREI 3? {h ﬁﬂ?ﬁ'etr% P B a it puraRACR RALERFR Tithorth in
the fﬂﬂe%maﬁwgebwm thel ialiesithorciies sup rppnaiionisthéhaumsrical depending

upoﬂlﬂ{éﬂﬁew&f%m;ﬂ@rﬂé@ §B@§W"QC¢}S§VBB’§§§&@ SYERErSd2s: HESEEl 2%t the very
eas noe Xnt!f'mert'?allz E%hlﬂwe ho[ A ?/ ergﬁtl\écont{alns ce}rtaln errors
hecessarlfy feaulting from the s?gﬁcfar d8 BRI iHaR FaL diescope
of thepglRHYS RS NHEMRERDS PRU2BS]ST badras Ieashhel canstared ttHighhnbthe number
of repirBarsigfgremsdusecintbe @rﬁiﬂ@%&%nﬁ@?%ﬁﬂ&@%&%ﬁﬂ@n Notwithstanding
that gﬁé RG @HXaﬂéH lﬁﬁ a?éngpe% fOIIO fc lr?hn%%] re L s?:% <ol ruegygﬂji;on are

cover oth the ng the p ura Iess oth&ra e In
appre?:@@tégﬁe the numerical values set forth in the spacific examples are reported as

precisely as possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in their respective testing
measurements.

[0185] The terms “&" and "an” and “the” and similar referents used in the context of
describing the invention {especially in the contaxt 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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40 WO 2006/105501 PCT/US2006/012366 contradicted by context.
Recitation of ranges of values herein is merely intended to serve as a

winihand pethod of referring individually to each separate y, g{y&%ﬁm 1366

within the range. Unless otherwise indicated herein, each individua va

contisdiResy I@Q@ﬁ@l@)dﬂtﬁélaﬁa‘ﬁﬁﬁ@f'%{é‘é@ A% déWﬁé%fH@%@Uyr{%ﬁﬁegt serve as
a Shlggég;% AII BPeE ec'i_;ggc(wf i‘u wem can be performed in any sutable

er umess ot erW|sé hiieehelRFPSE stRarmie vk Repmidindhedrange.
Unlepg offistivdse. nesifskherelnyeant iatldstoahpiiiss triecempliey latghiagedei@ation

as if ﬁ%@&dzﬂﬂ@ﬁl@ﬂ@cﬁ%%@r@dmﬁﬁ%@&%@¥§&@@@%@@%§ﬁtﬁet Erformed in
any QY%B%O& nrduorl1 es not fgos% a gmt tion on the scope of the invention
otherwise claite 208 T i SR a il YR Id5EY cemdiRgisted by

contgyg- |n&@a{ﬁﬁgaaﬁ@ym@am@mm@mmemudat@mhgqomgtmaﬁ #) provided

hereimwmﬁl@iuecﬂ%&@]ﬁé%&tﬁgﬁ@ﬁlﬂﬁﬁ ﬂ;ﬂ'%@@*ﬁéﬂe&}{é Qge%rﬂppgtﬁgt@gtﬁ@atl n on
0 S erein ., are no e constryead as limitations

the SBEIYPIK E’gr‘g ﬁwﬁé\% §e AT ST e }%Qﬁﬁgﬁ%i\?ﬁﬁ%W%‘?‘?ﬁaﬁW should be

roup mem
COﬂsgf ﬁﬂﬁﬁé%%ﬂﬂn%@?mﬁb@%m@ Qﬁ*é@ﬁiiéﬁgﬂhi@rp@@fmnwﬁ@mdnt:on
rotsgerein. dFdﬁpﬁﬁHéCWéﬂgrmtf@%?eﬂ{em‘% "5 MEIDhers 0 aogr%u %lﬁn&/(silxsciosed

h included in, or deleted from, a group for réasons of corventent
er@‘Ba%%{}%|TR>PE\/9H%?V”§rﬂ*ya§difﬂftﬁ¢au%|o%%h EHRFORBEaFSNEebe referred to and
claimsdedifivédiaisdnereinryeeonedriaticonistin ttRegroupBsMedified s or other

eiem@ﬂfﬂ“ﬂ&gr{@%é\‘ﬂﬂenIg‘f‘ss%rﬁlﬂgfﬁgtgé HMarkusp {gtzgg#% Used n the Sroup may be

mclu%g %nd gﬁﬁ?qﬁ %18 Preferred embodimen |s Inventio
escribed Aerain e RSy e BERICRS I CRMGRIS e BT aRiriality. When
any geghyingusinntie wrletitiorncofreotsepeaifiatitors snhrese dpeatemres! contain the

grougrabediim sl orararanRAIER!do-lipss PLELIRYEH IR Aled in he
appehBOR 16 d|ng the foregoing description. The inventor expects s led

artlsans o employ such variations as appropriate, and the inventors
j018Mtend mm,@maamm@mgnwm@w@sm $REGHIGAIY ding the pest

e T e

eguivalents 0 e SU ect ma e? recl Ed |n
Prefeﬂéﬂxﬁﬂf?&%ve&ﬁpm& 8YANE NMBPEEREr tatiyosenebinetivanofstiié in the art upon

readinpdive-ttesgribg dieterneiots inad mr&&%libbey@étﬁg%giéﬁeéﬁaﬁs to empioy such
t therwise indicated herein o
variafSRORRASRGH DY tEJBY, (?cte(ﬂ)gg THEEna 1S %gﬁvl?urﬁ] nporgre?ﬁffﬁ?grgw;r\mse

otherwise clearly contra context.

than Rl SRSRA %%Eﬁrﬁﬁ%dé‘CEBOﬁ%{i@H’tst@ﬁdﬂﬁﬁfr‘ﬁ@ﬂ insisliesaeibmsodifications and
equsvaieowgnbmamsm@amemﬁmnmmefahwa@mé@fﬂ@a@egsaﬁgmmed by

apphﬁ%@%P%%U@P%%Bﬁ@H&ﬂBH'Ml‘qH@uﬁ'}mgoégggﬁb rg’seefn A Dossible

variathelr entirety. [0189] In clo it is to be understoo
embo rrﬁjgnfg SPHERR7ER OW &%%I@@Hﬁ%r‘é’i}?%ﬁémﬁwaﬁvg%qm herein or
otherpisrdiisiedy soriegntedhy ioveation. Other modifications that may be

mplo r W|th|n the scope of the invention. Thus, by way of example,
[0188§ut no)fga n%ta? o, ﬁ?é?ﬁgtlvéeé%%?ﬁuPé’%ngegﬂtﬁ'%aﬁ?eé%rﬂq%ﬁ@ printed

DUbi!qﬁfggﬂﬁéhlﬁHﬁ%&Jiﬁ%@@mﬁw@@on Each of the above cited references and printed

publications are herein individually incarporated by reference in their entirety.

[0189] in closing, it is to be understood that the embodiments of the invention disclosad
herein are Hlustrative of the principles of the present invention. Other modifications that may
be empioyed are within 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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with the teachings herein. Accordingly, the present invention is not limited
to that precisely as shown and described. 41 CLAIMS 1. The use of an
insulin composition in the manufacture of a medicament for use in the
treatment of a patient with an insulin-related disorder wherein the
Ckddgbsition is suitable for pulmonary administration and is used in
combination with a long acting basal insulin for reducing postprandial
! gAEcose excursions in a patient with an insulin-related disorder wherein
e IFG QBB BHRIRORany ierivhe maswastnraridialdiypoglycemis: i the
tregoieoed. 2palibe wik ackeiine:la aAih LW hsein sald.nsulin.compositi
pufd '@%ﬁéﬁ%{f Rroximity_to be%i%nnin ofar%rfg% %@%ﬁ%@é&&?&%ﬁh
claim 1 wherein Said msulin compoSATEL e dng abmhase. resnliader a
redhiR B pRpEraisk vt arrmsinsuling datfhewisesacsanding i @M @ wherein
thavh el Said GiketoRi ine.i Taly iketopiperazine. .5. The use
according to cIai?nﬂ% Wﬁﬁ%ﬁiﬁ%aﬁi%f |nsu%?]a?g%(?ré)ﬁ%%?el%rﬁ%u?ﬁ alation as
a dry powder. 6. The use according to claim 2 wherein said insulin
2. dbAipositoriissaduianisterau:ironia pricimaighs BT NAMESIRERA 19 proximity
to Qg@mgg@l@gal to approximately 30 minutes after beginning a meal. 7.
The use according to claim 1 wherein said insulin-related disorder is
diabetes mellitus. 8. The use according to claim 7 wherein said insulin
3. lettedisoftienic:iyipe | Adiaeries el oS T 6138 AGERIING Lo claim
bethy A 8L S lgge}na‘%%g%r%@ted disorder is type 1 diabetes” mellitus. fb.XT he
use according to claim 1 wherein satd postprandial glucose excursions are
less that the postprandial glucose excursions resulting from a dose of
4, ’Sh@ﬁ&&@&@@ﬁﬁ@&@@lgﬁﬂ@@t@ﬁg@ﬂ@gﬁimtg}ggép&%g%s%ﬂaqy iGrpiI?r ins,ulir}
exposure and wherein the mean glucose” excursion Is at feas ABOUT 5%
less than for subcutaneous administration. 42 11, The use according to
3. Ehsirelaqonsioiiceitpdsthearidial diucaseiexaursionsa69 1aduesd rom,
poese produced by treatment with an appropriate subcutaneous dose of
insulin alone. 12. The use according to claim 1 wherein the frequency of
episodes of said clinically relevant late postprandial hypoglycemia are
6. Feclusstcodipa mml?amme?&waﬁaﬁi@em'ﬁ% SUBGHE %@&Q&Jﬁrggse
skl Jhe use of an insulin composition in the manufacture
e o e Pt B e 6 PO B ek s ai

begeiinrardled disorder wherein the composition is suitable for

7. The use according to claim 1 wherein said insulin-related disorder is diabetes mellitus,

8. The use according to claim 7 wherein said insulin related disorder is type 2 diabetes
mellitus,

9. The use according to claim 7 wherein sajd insulin-related disorder is iype 1 diabetes

mellitus.

10. The use according to claim 1 wherein said postprandiai 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.
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pulmonary administration and is used in combination With a.long acting
basal insulin for reducing postprandial glucose excursions in a patlgnt
with an insulin-related disorder, and wherein the patient'; total insulin
exposure (INS-AUCo_y, 3=y=6 hours) does not supstan_tlally exceed_that
produced by an appropriate subcutaneous dose of insulin, and wherein

POk OSSO S RGBS RSN Gl

' ' late tprandial hypoglycemia is not increase
fro]ﬂ§t Ol‘slg {3%'3 &gﬁ stf kﬁ(l‘gaftment %?t gn appropngtg s%b}c/:utaneous dose of insulin alone.

12. The use according to claim 1 wherein the frequency of episodes of said clinically relevant
late postprandial hypoglycemia are reduced compared to treatment with an appropriate

subcutaneous dose of insulin alone.

13. The use of an insulin composition in the manufacture of 2 medicament for use in the
treatment of 2 patient with an insulin-related disorder wherein the compeosition is suitable for
pulmenary administration and is used in combination with a long acting basal insulin for
reducing postprandial glucose excursions in a patient with an insulin-related disorder, and
wherein the patient's total insulin exposure (INS-AUC,.,, 3=y=6 hours) does not substantially
exceed that produced by an appropriate subcutaneous dose of insulin, and wherein

postprandial glucose excursion is reduced.

14. The use according to claim 13 wherein the risk of late postprandial hypogiycemia is not

increased.
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