WO 2013/ 017494PCT/ EP2012/ 064576 1 TI TLE Phar maceuti cal conposition
of oxidised avidin suitable for inhalation FIELD OF | NVENTION The

i nventi onwdescwiibed herein relates to a new phar naceut i eal/dresmmebaté on of
an oxidized avidin or biotinylated therjapeutic agent/oxidized avidin
conplex for use by inhalation. It further relates to biotinylated
therapeutics for targeting preconditioned |lungs of manmal s af fected by

i noper abl e and/ or diffuse di seases. BKEKE?CIJND OF THE | NVENTI ON | nhal ati on
of nebulised era euti.cs has beco JA t dr.u fl i vg ?/ met hod for

t he treat nment ﬁuH? é’ﬁg’é@s"&%‘w &8t ’6%8‘}115?9?6 FrBEHMAWE and ot her
respirat eryLPGRANSENTIRYRVer, such node of admi nistration usually requires
repeati ng the treatment several tinmes per day, which however, may not be

al ways chhphneention déscpdef drerein tedafles Ho caonelv‘vmhammaa@p@mifngngbttdmeofdars ease
he suffers .fr e sever it 88 L tsel Fr eguent

i nhal at i del ﬁ atvtlfgielF1 aoﬁgol}%mﬁggen‘fher%Peum%:/%%entt}ofi uqlzeds%wsev (f'mpllelef - }lfemg}’l ng
stress. ﬁﬂﬁﬂaﬂwpusltnefhuthe‘iatﬂedﬁteé hebamiowhyldledgohéebsutias provedgtiingde a
useful alter natl ve therapy for patients_sufferi glge from severe asthma (Raabe

0.G, etbxgcondifioned hppgs ofymapiits affastgA by inoneygble guloudiffjise disgasass, even

in thls BATKGROE NP AR SNVEINTIO ' consum ng and renders the patient's
life u Wﬁ%ﬂmﬁ?ases such as lung cancer or cystic
fibrosi sIrd’rséamnywﬁylebnhkéd thaargpdewtmrham belcolm;e syfst@rant d:rlugr@ﬁnvesy widthbd ar e
unf ort unat er assoc ate L.gnificant si effects. S anatony and
physi ol ogxy ?rpelafdaﬂﬂ 3o é‘)?d%fzh’a’lﬁ‘s% B TEERY Sub S drnbeTt o

cl ear ancgyg ?&a%@erdlgegs&r olRGlviNes@¥aiodd tofi 8dRhSitheeRINLEAY, tRghibso in
the case of vol Unteer treatnent exposure through inhalation of therapeutic
agents, rdmeatiagtthe ta«raérrf@étsewr@érteue& hexr édwrvehichfhayeaver, ngame@atbe\ﬁéwyand

t her eby L4 11arr1]cgw1tﬂ al% e RE) con?&ioaf{[slcf%n e}lcrﬁenr aoory theI (51 ellassef o tur}Fers\fveo

known t h&t™ %nzymas didved” &t det'oxXi ans of rom ext et na aggression are
al so preseme ighaddref b@mltySﬁ’n@leoalsédi@sﬁsmlElhaqpbay Ll h f1P0Y bAkhera@betit N t he
| ung belong to the super famly of proteins (i.e., AKR).. AKR and

short - chagsntaeplpar expshidates/ @eaewasg& fmigng  spees Gpw 1%@4%}%11@%5}%3

t hat cat an o r t [ t

car bonyl 1 AEn G R ERRSEARTbRRITBRK. b NSO KNG, AR IR ficnte ;¢
br oad subsﬂfermi@ fimpe ceddarei dsyhinar (Radbe 20.G3/ &17494ARCTAEPZO1 2410640 Tk nurwdr, bony |
bearing x otics (Matsunaga T., .et al ug Metab. Phar macoki net

2006, 211085 %0; 4943 Pt of qnoleaﬁhlﬁ%ﬁlﬁevé%%ﬁfgem%weﬁl@ﬁéﬁaww%a%%roso|
have beep./RESMd Yath GRAIEIncOmPELa5k] Ni cal nodels of lung cancer show ng
reduced toxicity conpared to system c admnistration (Fulzele, S V., et

al ., J. Phacws lPigadiseaseb sucR@edung8an@r @2 Fptic fibrosis are anyway still 1arge1y

treated by systemic therapies which are unfortunately associated to significant side

effects.

Lung’s anatomy and physiology are well adapted to process exogenous nebulised
substances for clearance in order to protect the organ. It is also recognized that also
in the case of volunteer treatment exposure through inhalation of therapeutic
agents, the latter are fast cleared therefore influencing negatively and thereby
limiting the benefit of inhalation therapy.

It is further well known that enzymes aimed at detoxifying organs from external
aggression are also present in the lung. Some of those which play an important role
in the lung belong to the super family of proteins (i.e., AKR). AKR and short-chain
dehydrogenases/reductases (1.e., SDRs) are the main enzymes that catalyze
oxidation-reduction reactions involving a xenobiotic carbonyl. Among SDR

superfamily, carbonyl reductases (i.e., CBRs) exhibit broad substrate specificity for



A dry powder formulation for inhalation of tenpzol om de has recently been
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, 7 a targeting agent such as an antibody, a | ow nol ecul ar wei ght conpound
or a protein (preferably covalently linked to the linker), ,7 a drug. Such
nanopart iwbesidmadioa nean size of 150 to 180 nm Accor di rgTiEP261h@645nyent or s,
such delivery systemtook advantage of sthe nol ecul ar |inker having a

| i pophilic portion which non-covalently anchors to the particle's polyneric
matrix and a WO 2013/017494PCT/ EP2012/ 064576 4 second portion conprising a
mal ei m d&nfotmoatety, t webathisation t shear pfosesbhedt mefﬁicrilehtaptlhnaymxiyngpia@enand Still
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distribution in the lung tissue. In fact ntention of Medina' s work
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needed to be f or mul at ed sone t ro ar na
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i ssues, {1 5)@5509% Z_ffect), and/or other system c drug delivery routes
whi ch can be correlated to severe if not conprom sing toxic side effects
and/ or hWVghouklgagrafied naspesticlandlesigned for aerosol administration to target the

lungs and which can entrapped different anti-cancer drugs have also been described
lately, but were reported to present some inflammatory disadvantages (Dailey L.A.,
et al., Toxicol. Appl. Pharmacol., 2006, 215, 1, 100).
A polymer-based nanoparticle delivery system for inhalation has been disclosed
recently (W0O2009121631), wherein particles were administered by endotracheal
instillation to mice.
Borlak J., et al. (EP2106806), described an improved drug delivery system to the
lung consisting of:

v' a polymer-based nanoparticle,

v" a maleimide-based molecular linker,

v' a targeting agent such as an antibody, a low molecular weight compound or

a protein (preferably covalently linked to the linker),

v' a drug.
Such nanoparticles had a mean size of 150 to 180 nm. According to the inventors,
such delivery system took advantage of the molecular linker having a lipophilic

portion which non-covalently anchors to the particle's polymeric matrix and a



instability of the therapeutic according to its admnistration route and/or
nmet abol i ¢ process; and/or nultiple adm nistrations of the therapeutic
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adm ni stered by inhalation, link to the surface of lung epithelial cells
uniformy down to the alveoli, and that it does not surprisingly bind to
the respiratory upper track (e.g., trachea). WO

2013/ 017424RCTHoER2D LampPeuHVH a Sndlkeimide cuonprgindat wbimhl etielppssihbxpebineda si nce
The oxidj zed .avidin did not bjnd to. tissue surfaces |ike skin, e or

bl adder (HIEENRE &g lmgallBEORlBE P odhe BVERITSs G Seweting agead cgrid) be a

sur pri si p@nifiat osugh b'fﬂ)(ﬁﬁg()fco%@ RULEK T ab | QdRE-BRRMY €3I JWiR B hakCabecific
integrity of the protein. DESCRI PTION OF THE | NVENTION The present

i nvent i ofmpedjarald amvplyangravehnibgetin iwarahabdesatedowi ahomabbimgr inghngr am

oxi di zedt al\slidgiunmgrr1 a biotinylated therapeutic agent/oxidized avidin

conpl ex, }%or ‘farge "ed delivery of biotinylated therapeutics by inhalation
to the | Bolgandlt bAddedt hginuleabss Mdve bbén aaeooklydebporesd tof bansuardble zeg
avidin as a tool faor conditioning the lung to accept a stable _|inkage of

bi ot i nyl BeEHIeRenHeuetietns Wbfuplogisal %Cﬁé’l?}f wsluBng eBrymemg-RANE S, e 84t hma,
t uber cul gsi s, ranj t i I Y HRwsase I

al veol i t?ﬁ%éczy@'i %Bﬁz(?'b%é’i gygiridy(gl %(?:’a- | - a?n't It rygglls’n\’%gﬂ? Q}téegc%&g)sure to

Bi ot i nyl athaterl efhqrodtiei disclosel (1. ard muutes) cimei bnigsr anlalatihenperald can
procedure well .known in the art. It can be perfornmed by a nunber of

di f f er enP™ @8 fam%OYé{\ﬁﬁ? ﬁ%‘i’cés'r eagents reacting with different groups

(i .e. prirABfefordNthrve CANGa AN dUe SherSHH- BEKA! Ytheangh Fadd 0% MlesSsOURBerel C ko
Biotinylation reagents are designed to be very flexible (long spacers to
reduce shebulssationdceavieled tortheofopmationedsabiege( ausaf ofeairaratiey antasiasei es) and
have bee xtensiyel e aQr. target.ing functional biotinylated noieties
to prot e?%sga%ﬁlzgﬁ%gaé\%l tlsur]{gfogrr%llﬁny.p]{%ﬁeuﬁséirti cular, protein biotinylation has
been ext gnsintelydiappld [eehTcpbivaiekpaoal esarinibodiasorattdoaghehe bloaehl @uaé
proteins (Bayer E. A, et _al., Methods Enzynol, 1990b, 184, 138). Suitable
bi ot i nyl BieBeentlisclogert 8nd preyadhioue & detrbTode texdargntduns saehastinghnodes gr oup
conpri si i tha jn bt peal | 05t h

R A R e e o
(Hama Y. Hosfevett,.ipjeChnoen tRespleu@0QAvit§7imi886%9n ikwsitreprdeedtionyhdtiedot
anti-cancer therapeutics are for,ex | e biotinylated gdducts of anti c-Met
B0t | body sty 1 Ebtgre fiapogrno By SRRt et Bdte Tirtigs ot Etian " 17
1381); apt iMEERalOREIE OndY | tettadbet, MBiastERAICaymbAemoded0Moredwerd 0the785) ;
anti-CTLA4 (DI G acomb A.M, Cancer |mmunol. |munother., 2009, 58, 8,
1297); aradiolbaied Féiatar a neededt tal .be BfayshdatedBi bphyipostRes. tCommpyoyve 2005,
333, 2, X ti- ur J. E. . al ., Expert. Opin. Biol. Ther.,
2010, 10%%‘?%‘%’%)‘?“5&%1@/' b dcbadndnic @hules, TXPEL (Smith B.L., et al., Br.
J. CanceThe@6}4, tlitle ia slb9Q)mediddl HdBalik \wirb¥iding sp¥aific igyvof £anestral?®®9, 9,

5 361), TRAIL (KimT.H , et al., Bioconjug. Chem, 2011, ); or other
cyt oki net® firgely delpvepep ﬁbﬁ_éyssqseddaapgﬁrﬁﬁjéeqwma@?en%omérwrﬁa@w ITancer

| nvest ., 1889 afoidhe BhBlcd@kEecholbed Gyl - . Cytokine, 2003, 24, 3, 57);
G CSF (Cavalloni G, et aef., Anti cancer Drugs, 2008, 19, 7, 689); GV CSF
(He Q, et al., oCamglkdeliveny(og., diwgneamtdednlity 12046k, {169, padss eftedt); ard/exd 2
(Penichet ML., et al., J. | noJ .. Met hods, 2001 48, 1-2, 91; Adri.s S.,
G al Ccancer | Re@tentylimisg BB G e s o B PO i
Mol . Bi ot her., 199%0t3omprorhbie toRiCidb REEARMIIETigh eldanone ikQudal kot umur
cell replication, induce tunour cell death and/or stinulate an anti-cancer
i nmune response© Nastabtlig| elsshe tthrrapeytideacsprdingstoatte admoubtapaantwuttei r
system c use. Thergf; remeéanogﬁ%%réc%gsalainﬁ%tri on within the lung of the
bi oti nyl at ed t herapeutic agent “upon:’

o multiple administrations of the therapeutic every day

It has now been surprisingly found that The oxidized avidin, administered by
inhalation, link to the surface of lung epithelial cells uniformly down to the alveoli,

and that it does not surprisingly bind to the respiratory upper track (e.g., trachea).
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wi dely diffusé and/ or Tnoperable ['ung di seases, notab because’ of

pecul i ar TRAIbf (Kilve L ldngettals sBecemyag. (demot 2688k ); yort mt@ar edtdiiynmmjlketlilefh and
because of the inadequacy of surgical procedures in reaching difficultly
accessi bl e areas of the diseased tissue. In particular, bronchiol oal veol ar

cancer (BAC), also known as lepidic lung cancer is a formof WO
2013/ 017494PCT/ EP2012/ 064576 8



neopl asia affecting the surface of bronchus and al veoli that m ght benefit
froma topical therapy delivered by aerosol (Anam Y., et al., J. Thorac.
Oncol ., 290201301784 951). As nentioned above, it has nowchawpoowsds t hat
oxi di zed avidin can efficiently reach gnhd link to the lung tissue through
aerosol admnistration. This result was not predictable based on the data
of W)2009016031 and further investigation showed that the intra-tissue

i nj ecti oHevdsraandyuiCoamenindest., 1989, dXixdi52 g KawmdiI W], iehkdg€takibh 2@03ssues.
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was conf (paegl TePa@C@&{nc@rnUMn%h&l' SRR REE m1ﬁxm8@d71t5»j slurgePénaihee in
the pig bl adder ure 2). Moreover, nebulised oxidized avidin was found
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orp "Avi d%ﬁ@é@w 2% %%??3 g%inn ﬁ:e \)9 me{;aﬁl el\é[ng ]éla Fy OX|dc;r[Bzé§ ggéls)dl n

accor di ngutlo tkxapphiticsl aed k\&@&ﬁo&oﬂlw&;umﬁhe cel pre@EsAtioh, "iadued z@doay el n”

refers to a chemcally oxidized avidin as clainmed in W2009016031 (i.e., an
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avidin contalnsa yde noi eties an er ma stalllty
equal orhgreedtthe budtatylatﬁe@ thardapeanataigent yport: he expression "oxidized avidin"

al so refers to a ntﬁoun hat was ,obt ai ned. 1o%<i dation of avidin in the
presence®of Star?éoﬁqgl i teidy OV radized gv ng%}alinﬂ)’rﬁrd}@o&ati on tryptophan
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"anti cancer agent" neans an_agent capable of fighting tunours.
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"aerosolised", "inhalable" and "nebulised" all refer to the sane concept of
breaki ng i ARRAl8RAN aerosol droplets, nedical sol utions/suspensions to
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interact wi,th biotinylated. thera eut tsth hOX|d|ze Vldl
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adm ni stered, the oxidized avidin can be detected in at | east 95% of the
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biotinylated therapeutics. Suitable anti-inflammatory biotinylated therapeutics
includes for example biotinylated adducts of anti-TNF, anti-Tweak, anti-IL-6, anti-
IL-23, ant1 IL-17 monoclonal antibodies; IL-10 or other anti-inflammatory cytokines
Marchi E., et al., Chest, 2011) or chemokines (Farberman M.M., et al., Am. .
Respir. Cell Mol. Biol., 2010; Tauler J., et al., Curr. Opin. Pharmacol., 2009, 9, 4,
384; Hartl D., et al., Curr. Opin. Allergy Clin. Immunol., 2009, 9, 1, 60; Brennan S.,
et al., Eur. Respir. J., 2009, 34, 3, 655) for the treatment of asthma or lung alveolitis
or other forms of lung chronic inflammation. Delivery of biotinylated enzymes like
alpha-1-antitrypsin to the lungs via oxidized avidin nebulisation 1s also envisaged to
cure primary genetic deficiency (Brand P., et al., Eur. Respir. J., 2009, 34, 2, 354;
Geller D.E., et al., J. Aerosol Med. Pulm. Drug Deliv., 2010, 23 Suppl 1, S55) and



c) a non-ionic agent selected fromthe group conprising mannitol, glycerol,
gl ucose, lactose, trehal ose, sucrose, propylene-glycol, sorbitol, xylitol,
pol yet hylwoesgoenls, et hanol and i sopropanol; wherein sacu/Epb@nmaceat i cal
conposition is delivered through inhalation after nebulization. In a
preferred enbodi nent "acidic pH' neans that the pHis conprised between 5.0
and 6.9. In a nore preferred enbodi nent "acidic pH' neans that the pHis
conpr i se@ybet Welensts. OrarntndnbanenCandwetamncenBegulpt@ef €rFEARE mpoo@imentcutaci di ¢

pH' means th t he i S nprised between 5.0 B rther
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pref erreg emhadi rent,iheraxbeizass aybebndssysef ul as a Iung condi tioning
agent through inhalation. In a nore preferred enbodi nent sai d oxidi zed
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by adm nrstration of “a erapeut’i ¢ Tagent,” Wherein 'said erapeuti ¢ agent is

bi ot i nyl Blofskical\Cecias QWARIE ROV, E2Lhbds 04571, 10990 me4pi ey erred enbodi nent,
t he pharnaceut.i cal _i nhal abl e _conpositjon of the invention is useful for the
tr eat nenfVBRN tiRe? 1BhYOBTRtAY Of ebaek$S EUBapestsins theoghiry asstvhifer ave

Pul nonar j - I . : j: 1y | ] t ak

nt or oot TS BEARER AT oR (g AR B SRR Ao M B IEFH3AD g
i nf | ammatsothe thivesasewicystiatuté fGosns MM, addahaPlotant Chenypsiavsdedd, doency.

In a fur r pr rred enmpodi nent p eut j cal_ i.nhal abl e.c osition
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t he b|0t|n¥lated t herapeutic agent is a biotinylated adduct of an

ant i canceolesgén ol biohim Gbicpsylataen keeoyntefler mbdule ABYdpiitst molekelasi weighy| at ed
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ant i - EpCAMburdntBreNE.C. antl.; Bldchemisniog | 198a] 281, badies, TNF, TRAIL, Tweak,
gamma interferon, GCSF, GWCSF, |L-2, IL-12 or chenotherapeutics. In an
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that had higher permanence in injected tissues compared to wild type avidin as a
consequence of the formation of chemical linkages between the oxidized avidin
aldehyde groups and the tissue protein amino groups. Said oxidized avidin could be
administered directly into the diseased tissue either alone, in which case a second
step for delivering the biotinylated active therapeutic agent was necessary, or as a
complex with the therapeutic agent. It is important to note that in said document
the oxidized avidin was administered locally by means of injection rendering
impractical a homogeneous whole lung conditioning. This patent application opened
a new era by disclosing new solutions useful for the localized treatment of solid
tumour cancer and degenerative or genetic diseases. Tolerability of oxidized avidin
was also recently reported (Petronzellr F., et al., Basic Clin. Pharmacol. Toxicol.,
2011, 233).
However, even this new tool did not allow to tackle those widely diffuse and/or
inoperable lung diseases, notably because of the peculiarity of the lung tissue that is
not easily treated by injection and because of the inadequacy of surgical procedures

in reaching difficultly accessible areas of the diseased tissue. In particular,

bronchioloalveolar cancer (BAC), also known as lepidic lung cancer 1s a form of



In a still nore preferred enbodi ment, the radioi sotope used to | abel
biotin-DOTA is selected fromthe group conprising 52Fe, 52nmm, 55co, 64cu,
67cu, 67GRO20B8@1a49499mMTc, "'In, 1231, 1251, 1311, 32p, #¢BEP200Qe4s57©9pd,

i nAg, 149pm 186Re, 188Re, 211At, 212ply, 212131 and 177Lu. In another nore
preferred enbodi nent, said anticancer agent is a biotinylated adduct of

wel | -known anti-cancer drugs selected fromthe group consisting of viral or
pl asm d wegtlasis,affNfing nhiebdurface drbranthucanderlvedlf doitomigle] banefitnframod her

preferred e i ment _the bjotinyl d agept is a ent ef ul e
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wel | - knoggpanti-inflammatory drugs anti-inflammtory agent selected from
the group conprising anti-TNF, anti-Tweak, anti-I1L-17, anti-IL-23,

anti -1 L- 85 menflondd abemot|lmsahovinkdeboftivad, that- a0deed ahadk tae effidientdnot her
preferred enbodj t, for Jlung.genetic di seases, ;a.t.herapeutdic agent is a
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further preferred enbodi ment consists in a kit conprising the. .
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i nhal abl potc sufffiomint i to robserntei @niedkalger(®igwrably éiskegeacfndteudiiderd dMénawasint of
oxidized avidin which is required to.achieve 2 theraﬁelllti.c tﬁffeciﬂa\éﬁj |1, of
course, SAFIRGAR CRY SUBBHSYRIEPIIHLHINERT Py SHERTRAIPAPPE A& P1agi98br der
or di seaglghf DeMdred@dnebilidtldxidibed haidene mshnbs e &f feClu@B Wt @bt t he
nebul i zer used and the deposition of the aerosol droplets in the |ung.

Sui t abl eta dre érachsaa itbns 1oflicalandi & edealis dind whpteidictable lsokagei eventon this

nebul i sa i%rr]ll\ﬁgﬁle in the range of 0.005%to 0.5% (wv) (i.e. 0.05 ng/m
to 5ny/ ]Sg. n-1oni c agent can be used for adjusting the osnolality of the
sol ut i onThertenab WAvEdh 00N orEXaABINESX®T on C0OXaeilifrage neferftor thadihshicagy t he
osnolality, which can be used in the present invention are selected from
the groupXieEepravslingcrenthng & exgnpleet of WFQHO94803 1. dtheoespressiggh A¥pdiged
SUCT0S€, o PHAPYIENL 101 ARImic A0 BiiPlod Ahin' & elaRRLY B WOSARIABHEP e hANO!
and i sopropanol. Besides the ‘non-ionic agent Rerei n above nentio ed, the

i nvent i ooxidesedcanitlai nnowbichr et feae addinaonze ssidwbliper extdipi emigulSus t abl e
exci pi ents, i,ch can.be ntioned include agents for nodifying the pH of
the sol uf§H#ce &8’%5@%%%%?%6619@%‘@%43}"@8 ' The fornulation of the invention
may be distributed in suitable contati;wers such as nultidose vials or,
preferably, unit dose vials for sirésgy,e dosage adm ni stration. The solution
for nebulisation of the present irvenfi can be obtained as foll ows:
oxidized avidin of a first vial canghe #di“gsel ved by addition of sterile
sodi um acetate solution at pH 5.5 of ao'seco d vial.

wherein said oxidized avidin contains about 8 to 15 aldehyde moieties and has a
thermal stability equal or greater than 78°C. Alternatively, the expression “oxidized
avidin” also refers to a compound that was obtained by oxidation of avidin in the
presence of the ligand HABA 1in order to prevent from oxidation tryptophan residues
that are involved in the biotin-binding site.

The expression “anticancer agent” means an agent capable of fighting tumours. A
non-exhaustive list of anticancer agents consists of chemotherapeutic drugs,
monoclonal antibodies, radiolabelled compounds, effector cells, toxins, cytokines,

viral and plasmid vectors, RNA inhibitors and anticancer cells.



The fornul ations of the invention are intended for adm nistration by

nebul i sati on using suitable apparatus instrunment that is capable of

gener at i ngoverspifdione |iquid droplets for inhalation intecrthréanegsse

Sui table instrunents are for exanple jet nebulisers or ultrasonic

nebul i sers. WD 2013/ 017494PCT/ EP2012/ 064576 12 DESCRI PTI ON OF THE DRAW NGS
Figure 1. It shows the tissue residence of the conpl ex oxidized

avi di n/ nThe 5di224 Gadrnsdl h&'aenpsolichdd p“inkplabld’ iaoml) ‘nebohgr 4ll refer tnjlecsdoa) ,

linmb (i.m injegtion)., skin (drop deposition), scraped skin (dro
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68- Ga- STedfle tRerd t8 WelikRtly! 89 (FciRRE, PR AR itkbnh B6e Rloadder of a pig to
sinmul ate the renoval of a fzuman superficial bladder carcinonma (arrow). The

i mage wadhebempnessions hdor scoaftiterniag- tae 5P221.0 “lurjge condnionyyg Pagdntt oand
Em ssi on. Tonmogy aph PETY. Fiqure 3: |t shows . the chem gal. integrity. .of
oxi di zed péfvfodgfﬁﬁg? deiuq%virﬁger%getﬁlence nﬁigli)tsgfge?%brhnf ﬁu(%l rceﬁﬁs té) %g&ﬁkﬂ%g%l um

acet at e bkiulyl68d 8herpide®tid aghitts Whidigut oxg@diebPiaeiilin ifegadtndthak twail@have at T
= 2 hours and T.= 24 hours, the distribution of intravenously injected
1111 n- 5TReeroinhgledyin bafare§agdns of nice whi ch have received 24 hour before
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avi di n agrasswiceadmoimintered, the oxidized avidin can be detected in at least 95% of the
lung.
Therefore, an object of the present invention resides in a pharmaceutical inhalable
composition comprising:
a) the oxidized avidin according to claim 1 or 2,
b) a sterile buffer solution at acidic pH, wherein said buffer 1s preferably
sodium acetate, and optionally
c) a non-ionic agent selected from the group comprising mannitol, glycerol,
glucose, lactose, trehalose, sucrose, propylene-glycol, sorbitol, xylitol,
polyethylene-glycol, ethanol and isopropanol;
wherein said pharmaceutical composition is delivered through inhalation after
nebulization.
In a preferred embodiment “acidic pH” means that the pH 1s comprised between 5.0
and 6.9.
In a more preferred embodiment “acidic pH” means that the pH 1s comprised
between 5.0 and 6.0.
In an even more preferred embodiment “acidic pH” means that the pH 1s comprised
between 5.0 and 5.5.
In a further embodiment, the pharmaceutical inhalable composition 1s freeze-dried.
In a preferred embodiment the oxidized avidin is useful as a lung conditioning
agent through inhalation.
In a more preferred embodiment said oxidized avidin is useful for substantially
wholly conditions the lung through inhalation.
In another embodiment, delivery of oxidized avidin is followed by administration of

a therapeutic agent, wherein said therapeutic agent is biotinylated.



Figure 6: PET imagi ng of 64Cu-5T2210 intravenously injected mce which were
exposed to oxidized avidin aerosol 24 hours before. Figure 7. EGFR+ A431
cel I s i nombavsthinoth bi otinyl ated cetuxi mab at the dosepofi/Er201a@64596 05 49,
0.05 ng and 0.05 pg/m for 1 hour in PR without (a) or with (b)
pre-treatnment with oxidized avidin. Figure 8 It shows the inhibition of
proliferation of A431 cell line with biotinylated cetuximb wth or wthout
prior trbatagmefared caxbaiinedt.avhdipharkiaganigcd: iﬂhalslbﬂemanpgﬁi’dbm uaf ithet ry

| f t.h d f t by biotinyl at ed t.
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with or without treatnent with oxidi zéd avidin. gure 10: It shows the
i nhi biti uﬁemfst pev| brerchioloalvieelduc éB8AbY b&lmerfny&tﬁhm, clungi albolviiis, h leng
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Ina further preferred embodiment, the pharmaceut1ca1 1nha1ab1e composmon of the
invention is useful for the treatment of primary lung cancer in multi-focal or
metastatic form.

In a still further preferred embodiment, the biotinylated therapeutic agent is a
biotinylated adduct of an anticancer agent.

In a still further preferred embodiment, the biotinylated anticancer agent is a
biotinylated adduct of well-known anti-cancer drugs selected from the group
comprising anti-EGFR, anti-CEA, anti-MUC1, anti-EpCAM, anti-cMET, anti-CTL4
monoclonal antibodies, TNF, TRAIL, Tweak, gamma interferon, G-CSF, GM-CSF,
IL-2, IL-12 or chemotherapeutics.

In an even more preferred embodiment, said anticancer agent 1s radioactive
derivative selected from the group comprising of radiolabelled biotin-DOTA
(ST2210). The latter was described in the patent application WO2002066075.

In a still more preferred embodiment, the radioisotope used to label biotin-DOTA 1s
selected from the group comprising 52Fe, 52mMn, 55Co, ¢1Cu, ¢7Cu, ¢7Ga, %8Ga, 99mTec,
111y, 123] 125] 131] 32P, 47G¢, 90Y, 109P( 111Ag 149Pm 186Re 188Re, 211Af, 212Ph, 212Bj
and ""Lu.

In another more preferred embodiment, said anticancer agent i1s a biotinylated
adduct of well-known anti-cancer drugs selected from the group consisting of viral
or plasmid vectors, RNA inhibitors or anti-cancer effector cells.

In another preferred embodiment the biotinylated agent is an agent useful for the
treatment of lung inflammatory diseases and 1s a biotinylated adduct of well-known
anti-inflammatory drugs anti-inflammatory agent selected from the group
comprising anti-TNF, anti-Tweak, anti-IL-17, anti-IL-23, anti-IL-6, anti-IL-1
monoclonal antibodies, IL-10 or chemokines.

In another preferred embodiment for lung genetic diseases, a therapeutic agent 1s a
biotinylated adduct of known deficient protein like CFTCR in cystic fibrosis alpha-1-

antitrypsin.



EXAMPLES Exanple 1 Balb/c mce of about 20 g were treated in the
indicated sites with a solution of avidin or oxidized avidin as obtai ned

f ol | owi ngwohe1ypnemedur e descri bed at exanple 1 of W2009016®3012/(084506 ng/ m
di ssol ved in 100 mM sodi um acetate, pH;p.5) preconplexed with 111l n-ST2210.
Twenty four hours after injection/deposition, the mce were sacrificed by
CO2 asphyxia and the treated sites anal ysed by neans of a gamma counter.
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droplets for inhalation into the lungs. Suitable instruments are for example jet

nebulisers or ultrasonic nebulisers.
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DESCRIPTION OF THE DRAWINGS

Figure 1:

It shows the tissue residence of the complex oxidized avidin/11'In-ST2210 in the eye
(drop deposition), tongue (1.m. injection), limb (1.m. injection), skin (drop deposition),
scraped skin (drop deposition).

Figure 2:

It shows the linkage of intravenously injected 68-Ga-ST2210 to a surgical lesion
performed 1n the bladder of a pig to simulate the removal of a human superficial
bladder carcinoma (arrow). The image was obtained 4 hours after 68-Ga-ST2210
injection, by Positron Emission Tomography (PET).

Figure 3:

It shows the chemical integrity of oxidized avidin after having been nebulised for 1
hour in a 100 mM sodium acetate solution at pH 5.5 and without excipient.

Figure 4:

It shows, at T' = 2 hours and T = 24 hours, the distribution of intravenously injected
111Tn-ST2210 1n various organs of mice which have received 24 hour before oxidized
avidin or vehicle through inhalation.

Figure 5:

Immunochemistry with mouse anti-avidin antibody of lung sections, 24 hours after
oxidized avidin aerosol exposure.

Figure 6:

PET imaging of 64Cu-ST2210 intravenously injected mice which were exposed to
oxidized avidin aerosol 24 hours before.

Figure 7:

EGFR+ A431 cells incubated with biotinylated cetuximab at the dose of 5 ug, 0.05
ug, 0.05 ng and 0.05 pg/ml for 1 hour in PBS without (a) or with (b) pre-treatment
with oxidized avidin.

Figure 8:

It shows the inhibition of proliferation of A431 cell line with biotinylated cetuximab
with or without prior treatment with oxidized avidin.

Figure 9:

It show a cytofluorimetry analysis of the induction of apoptosis by biotinylated

cetuximab on two cell lines, one expressing high level of EGFR (1.e., A431) and one
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2013/ 017424P gél@ﬁge%lgér0@6§7a%pﬂ19xigaglllc? the treated sites analysed by means of a
gamma counter. Data are reported in Figure 1, and are expressed as the % of
injected dose/100 mg of tissue (%ID/100 mg). Results show a statistically significant
higher amount of oxidized avidin/!1In-ST2210 complex in injected tongue, limb
muscle and on the topically treated scraped skin compared to the Avidin/!'lIn-
ST2210 complex. However, deposition of the oxidized avidin/!'In-ST2210 or
Avidin/11In-ST2210 complex on normal skin or in the eye did not lead to similar
results, indicating that the complex does not bind to external tissue surfaces and
consequently that a surgical operation is required to take advantage of the binding
properties of oxidized avidin either as single agent when complexed with a
biotinylated agent.

Example 2

Anesthetised female pig of about 40 kg was subjected to surgery to generate two 2
cm superficial lesions on the bladder wall. Then, 30 ml of oxidized avidin solution
(3.0 mg/ml dissolved in 100 mM sodium acetate, pH 5.5) were instilled via a
catheter and let interact for 1 hour. Bladder was then washed with saline and 0.5
ug 68-Ga-ST2210 was 1.v. administered. After 4 hours the pig was subjected to PET.
Results as shown in Figure 2, demonstrate that only the region that had been
subjected to surgery (i.e., 2 mm lesion) enabled the binding of oxidized avidin,
meanwhile intact bladder tissue proved to be completely inert to the aldehyde

moieties of oxidized avidin. Those surprising data are however, in agreement with



G oups 1111 n-ST2210 U4 D/g Vehicle Avidin Oxidized avidin Bl ood 0.011+0. 005
0. 009+0. 005 0.012+0.004 Spl een 0. 105+0. 159 0. 027+0. 003
WO 2013/017494 PCT/EP2012/064576
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those of example 1 wherein non-surgically damaged tissue were inert to oxidized
avidin.
Example 3

A 100 mM sodium acetate solution at pH 5.5 containing oxidized avidin at the
concentration of 3.0 mg/ml was nebulised by means of a the Nose-Only inExpose
System (Scireq-EMKA technologies) for 1 hour at room temperature. The particle
size of the protein solution midst was 5 um. The nebulised solution was recovered in
a falcon tube and analyzed by HPLC. Data in Figure 3 show the same elution
profile for the oxidized avidin solution pre and post nebulisation indicating perfect
stability of the protein. This result was not obvious as many proteins and nucleic
acid need extensive formulation studies to select a condition that preserves
integrity and potency of such drugs during nebulisation (Geller D.E., et al., .
Aerosol Med. Pulm. Drug Deliv., 2010, 23 Suppl 1, S55; Markovic S.N., et al., Am. J.
Clin. Oncol., 2008, 31, 6, 573; Chor W.S., et al., Proc. Natl. Acad. Sci., 98, 20,
11103).

It was very interesting to note that notwithstanding the fact that aldehyde
derivatives are highly susceptible to hydration in the presence of water, no such
phenomena was observed during oxidized avidin nebulisation process. Indeed, the
number of aldehyde moieties per molecule, as determined by Purpald’s method
(Quesenberry M.S., et al., Anal. Biochem., 1996, 234, 1, 50), was found to be
substantially the same (considering the variability of the assay) before and after
nebulisation at both pH 5.0 and pH 5.5, with and without mannitol excipient as
demonstrated by data in Table 1.

Table 1
Number of CHO moieties per
Oxidized avidin batch molecule
Before After
nebulisation nebulisation
Mannitol formulation pH 5.0 19.7 19.2
Mannitol formulation pH 5.5 17.1 19.4
Acetate buffer formulation pH 5.5 16.4 16.7




0. 032+0. 002 Ki dney 0.426+0.082 0.378+0.048 0.414+0. 033 Liver 0.046+0.009
0. 041+0. 007 0.051+0.005 Stomach 0.031+0.011 0.067+0.085 0.276+0.246 Brain
0. 002+0. O®d 2013/017494 PCT/EP2012/064576
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Example 4

Biological activity and biostribution of nebulised oxidized avidin were evaluated in

rat by measuring the uptake of 5 pug of '!Indium radiolabelled biotinDOTA (i.e.,

1In-ST2210) intravenously injected, 24 hours after oxidized avidin, avidin (3.0

mg/ml solution, 0.8ml/min, 1 hour nebulisation) or vehicle inhalation exposure, in

the lung and non target organs.

Twenty Sprague Dawley rats were divided in three different groups. Each group

received the following treatments:

o the first group (made of 4 rats) was exposed to nebulised vehicle only (i.e., 100
mM sodium acetate solution at pH 5.5) and 24 hours later the rats received a 5
ug 1.v. dose of 111In-ST2210 in 0.5 ml of saline.

o the second group (made of 8 rats) was exposed to nebulised avidin (about 10
mg/kg) in a 100 mM sodium acetate solution at pH 5.5 and 24 hours later the
rats received a 5 g 1.v.dose of 111In-ST2210 in 0.5 ml of saline.

o the third group (made of 8 rats) was exposed to nebulised oxidized avidin (about
10 mg/kg) in a 100 mM sodium acetate solution at pH 5.5 and 24 hours later the
rats received a 5 ug 1.v. dose of 111In-ST2210 in 0.5 ml of saline.

All rats were sacrificed 2 hours after the 1.v. administration of 11In-ST2210, and

samples of blood, spleen, kidney, liver, stomach, brain, trachea, and tissue samples

of different portions of lung were collected, weighed and analyzed with the use of a

gamma-counter (Perkin Elmer). Data were expressed as the % of injected dose/gram

of tissue (%ID/g).

As shown 1n Table 2, oxidized avidin inhalation enables to increase in a statistically

significant fashion 11In-ST2210 concentration in the lung, meanwhile other organs

did not show any statistical differences of concentration of 111In-ST2210 compared

to avidin or vehicle groups.



0. 002+0. 000 0. 002+0. 000 Trachea 0.021+0. 007 0. 022+0. 008 0. 029+0. 007 Lung
0. 024+0. 004 0. 023+0. 006 0. 054+0.009*** Lung sn 0.024+0. 004 0.023+0. 006
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Table 2
M1In-ST2210 %ID/g
Groups Oxidized
Vehicle Avidin
avidin
Blood 0.011+0.005 | 0.009+0.005 | 0.012+0.004
Spleen 0.105+0.159 | 0.027+0.003 | 0.032+0.002
Kidney 0.426+0.082 ] 0.378+0.048 | 0.414+0.033
Liver 0.046+0.009 | 0.041+0.007 | 0.051+0.005
Stomach 0.031+0.011 | 0.067+0.085 | 0.276+0.246
Brain 0.002+0.001 | 0.002+0.000 | 0.002+0.000
Trachea 0.021+0.007 0.02240.008 | 0.029+0.007
Lung 0.024+0.004 | 0.023+0.006 | 0.054+0.009***
Lung sn 0.024+0.004 | 0.023+0.006 | 0.053+0.008***
Lung dx (caudal lobe) 0.024+0.004 | 0.022+0.006 | 0.055+0.009***
Lung dx (cranial, middle and
0.025+0.004 | 0.023+0.005 | 0.055+0.011***
accessory lobe)

*** p <0.001 one way Anova versus avidin
Example 5
A biodistribution experiment aimed at determining the lung uptake selectivity and
stability of 111In-ST2210 was conducted. Balb/c mice of about 20 g (5 mice/group)
were exposed to nebulised (i.e., by means of Nose-Only inExpose System -Scireq-
EMKA technologies) oxidized avidin (3 mg/ml solution) or vehicle (3 ml) for 1 hour;
1 hour exposition corresponding to about a 90 mg/kg dose. Twenty four hours after,
all mice received '1In-ST2210 intravenously (i.e., 1 pug in 0.2 ml of saline), and after
further 2 or 24 hours, the animals were sacrificed by CO2 asphyxia. The lung and
non target organs were collected weighed and counted in a gamma counter. Data
were expressed as the % of injected dose/gram of tissue.
Results, as exposed in Figure 4, demonstrate a specific and significant uptake of

111Tn-ST2210 only in the lung which had been pre-treated with oxidized avidin.
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substrate.
Figure 5 shows the presence of oxidized avidin at broncho/epithelial level down to
terminal bronchioles. This distribution was found to be homogenous in all lung
compartments.
Example 7
Balb/c mice of about 20 g were exposed to nebulised oxidized avidin or vehicle
according to the protocol described at example 5. After 24 hours, they received an
intravenous 1 pug dose of 64Cu-ST2210. 64Cu-ST2210 distribution was examined by
PET imaging 4 hours after. Figure 6 shows the presence of a radioactive signal in
the lungs of the mouse pre-treated with nebulised oxidized avidin but not in the
lungs of a vehicle treated mouse. Kidneys, bladder are visible in both groups of
mice. This observation is consistent with the physiological elimination of ST2210 at
that time point. A radioactive signal in one limb 1s also visible in both groups of
mice since they had been 1.m. pre-treated with oxidized avidin at the time of aerosol
in order to have an internal positive control in the experiment.
Example 8
Human EGFR*, epidermoid carcinoma cells A431 were incubated in PBS for 1 hour
with 1 ml of an anti-EGFR monoclonal biotinylated antibody (i.e., biotinylated
cetuximab) in the dose range of 0.05 pg/ml to 5 ug/ml. In one experiment the cells
were previously incubated with oxidized avidin meanwhile in the first experiment,
cells were only treated with biotinylated cetuximab.
After washings, biotinylated cetuximab binding was detected by cytofluorimetry
after incubation with a mouse anti-human antibody conjugated with phycoerythrin
(PE). As demonstrated in Figure 7, in the presence of oxidized avidin, the binding to
A431 cells of low doses of biotinylated cetuximab such as 0.05 ng and 0.05 pg/ml is
still visible.
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without pre-incubation with AvidinOX, were seeded in 96 wells microtiter plates
(2x10° cells/well) in DMEM, 10% FCS. After adhesion, 100 ul of biotinylated
cetuximab were added, in triplicates, in the range of 0.05 pg/ml to 5 pug/ml, in

DMEM 1% FCS. The cells were washed after 15 minutes and cultivated for 48



Example 11 Inhibition of proliferation by biotinylated cetuximb wth or
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2013/ 017494PCT/ EP2012/ 064576 20 CLAIM5S 1. An oxidized avidin for use as a
| ung conditioning agent through inhalation. 2. The oxidized avidin
according to claim1, for substantially wholly conditioning the |lung. 3.
The oxi di zed avidin according to claim1 or 2, wherein the inhalation step
is followed by adm nistration of a biotinylated therapeutic agent. 4. The
oxi di zed avidin according to claim 3, wherein the biotinylated therapeutic
agent is selected fromthe group consisting of radioactive agent,

nonocl onal anti bodi es, cytoki nes, chenokines, enzymes, chenotherapeutics,
viral or plasmd vectors and cells. 5. The oxidized avidin according to
claim4, wherein the nonoclonal antibody is a biotinylated derivative of a
nonocl onal anti body sel ected fromthe group consisting of anti-EGR
anti-CEA, anti-MJCL, anti-EpCAM anti-cMET, anti CTL4, anti-TNF, anti-Tweak,
anti-1L-17, anti-I1L-23, anti-IL-6, anti-IL-1, anti TNF, anti-Tweak

nonocl onal anti bodi es.



6. The oxidized avidin according to claim4, wherein the biotinylated
cytokine is a biotinylated adduct of a cytokine selected fromthe group
consi st i ngoab13liWF94 Tweak, TRAIL, gamma interferon, G CSPCT@re@3064504- 2,

| L-12. 7. The oxidi zed avidin accordingyto claim4, wherein the

bi oti nyl ated chenokine is a biotinylated adduct of a chenoki ne sel ected
fromthe group consisting of CXC and CC chenokine famlies. 8. The oxidi zed
avi din according to claimd4, mhereinDLAEWBiotinylated enzyne or is a cystic
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5. The oxidized avidin according to claim 4, wherein the monoclonal antibody is a
biotinylated derivative of a monoclonal antibody selected from the group
consisting of anti-EGFR, anti-CEA, anti-MUC1, anti-EpCAM, anti-cMET, anti-
CTLA4, anti1-TNF, anti-Tweak, anti-IL-17, ant1-11.-23, anti-IL-6, anti-1L.-1, anti-
TNF, anti-Tweak monoclonal antibodies.

6. The oxidized avidin according to claim 4, wherein the biotinylated cytokine 1s a
biotinylated adduct of a cytokine selected from the group consisting of TNF,
Tweak, TRAIL, gamma interferon, G-CSF, GM-CSF, IL-2, IL-12.

7. The oxidized avidin according to claim 4, wherein the biotinylated chemokine 1s
a biotinylated adduct of a chemokine selected from the group consisting of CXC
and CC chemokine families.

8. The oxidized avidin according to claim 4, wherein the biotinylated enzyme or is
a cystic fibrosis transmembrane conductance regulator protein.

9. The oxidized avidin according to claim 4, wherein the biotinylated radioactive
agent 1s biotin-DOTA labelled with a radioisotope selected from the group
comprising 52Fe, 92mMn, %5Co, 64Cu, ¢7Cu, %7Ga, %Ga, 9mTc, 111]n, 123], 125] 131]
32P, 478, 90Y, 109P(, 111Ag, 149Pm, 186Re, 185Re, 211A¢, 212Ph, 212Bi and 177Lu.

10. A pharmaceutical inhalable composition comprising:

a) the oxidized avidin according to claim 1 or 2,
b) a sterile buffer solution at acidic pH, wherein said buffer is preferably

sodium acetate, and optionally



14. The pharnmaceutical inhalation conposition of claim10 or 11 for use in
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c) a non-ionic agent selected from the group comprising mannitol, glycerol,
glucose, lactose, trehalose, sucrose, propylene-glycol, sorbitol, xylitol,
polyethylene-glycol, ethanol and isopropanol

11. The pharmaceutical inhalable composition of claim 10 which 1s freeze-dried.

12. A kit comprising the pharmaceutical inhalable composition of claim 10 or 11.

13. A kit comprising the pharmaceutical inhalable composition of claim 10 and a
nebulizer.

14. The pharmaceutical inhalation composition of claim 10 or 11 for use in the

treatment of lung cancer diseases, lung inflammation diseases selected from the

group comprising COPD, asthma, lung alveolitis and cystic fibrosis and alpha-1-

antitrypsin deficiency.



