STABLE DIGESTIVE ENZYME COMPOSITIONS CROSS-REFERENCE TO RELATED
APPLICATIONS The present application claims priority to U.S. Provisional Application No.
560/902,091 filed February 20, 2007, U.S. Provisional Application No. 60/902,093 filed February 20,
2007, and U.S. Provisional Application No. 60/902,092 filed February 20, 2007, the disclosures of
which are each herein incorporated by reference in their entirety for all purposes. BACKGROUND OF
THE INVENTION 10in cases of pancreatic insufficiency, pancrelipase and other pancreatic enzymes
products (PEPSs) can be administered to at least partially remedy the enzyme deficiency caused by
various diseases affecting the pancreas, such as |E)C]Fncreatltls pancreatectomy, cystic fibrosis, etc. The

use of pancreatic enzymes in th%Tt‘?&tFn’étﬁ%ﬁT&X BEIME SRR IONS essential part of the

therapy of patients afflicted with 15cystic fibrosis. Without these supplemernits, patients become
severely nutritionally impairedcRissoptiitianatdnpamanited Redifectiegaianing if left untreated,
particularly in the case of infants.  The drug substance pancrelipase is mainly a combination of three
enzyme classes: lipase, prbteagerampinaiiidanorpienis ol Befsiumbiepienierttrs and co- 20
enzymes. These enzymegar@ipf oeuces ranoud]ly.B) thepancreasanshare smpartant in the digestion of
fats, proteins and caghphythiaiesPARsIeipase i3 ialeally EARIG, M BaLeIRg pancreatic glands,

although other sources can alSo be used, for examp le th ose escribed in U.S. 6,051,220, U.S.
2004/0057944, 200175648493 %ﬁ&%%@%ﬂdﬁ%‘ B B DRI P PPREI R AEE BT ated by
[jeference dThe enzynf%@%éﬁtﬁl@@zeith@mmyss of fats into glycerol and fatty acids, starch |ntoh
extrin and sugars, and protein into ﬁéﬂﬁ& es. Pancreatic enzymes show
optimal activity under near neutral anéﬂ&?{t? y alkaline con tlons nder gastric conditions, pancreatic
enzymes may he inactivaigeavwiibf aaresiatiingsioscdih plagitpla ativibhed fi@teiare, exogenously
administered 30 e I ain intact during
NZYIIGS AEQEPES, cBI ‘3&%95% dgadnshastieNactivalion.aagrem

their transit through the stomach nd into the duo denum. Although |t IS deswable to coat pancreatic
enzymes, uncoated’ 8‘5%\6 BB A HIE TR gﬁttﬁ%nergancrﬁ’aﬁ SR &S 5E8E are the most
sensitive to gastric iPraeHvatoNa A EXeesnstrst T pe rAneasisefie @rzymestia thaneatment of
malabsorption. Lipaseactidiy isispieatlyinanaitensd jadetes g ihe stabitiffofan.aenzyme
composition coata'wﬁtgclt@ms %tt%pcﬂa%%ggpmtaugBatttﬁétgmgtemgﬁwmﬁ@hou'd be released
in the duodenum within 5-3 t[nlnutes since digestio %) ncgeatlcfeni%xmes and absorption of the
metabolites takes ptm € pnma‘ﬁ@“ t't‘he up er sgb?%neﬁt oF tRE°iRtesd Ine, Athet éjh digestion and
absorption can takeptietdsiis thttetnGrfrafisit. Pancreatic enzymes have typically been coated with
an enteric coating polymes, Whigh praleets e:dAhzyme compasitian agalnst i acidic environment

of the stomach and then provides release of enzyme’in the intestine conventional
pancreatic enzyme%ﬁaﬂé‘tﬁh?ﬁ?@%fﬁh%ﬁ?d BB e SO daReE Mk Chelf-life typically
associated witRPapprevecs phzasnecaputicat protuetsdforayah theeraThesuiivity iopgréantieatic enzyme
preparations is typigallyzikdeterminadhased omtheiastiviteidipasss whiahjseneof the enzymes
most sensitv to losiyg, sozymalie apiAU NG RIAGe.SAMEISIRlY Quaiable, digestive enzyme

compositions show a loss of lipase acfivity over time of up to abou o or more. In order to
compensate for the 1ESEEEIENL Viafit’ éy Uity %lﬁqhﬂdoggé%&’ez%@%‘%?ﬁsﬁf‘g Yht the product provides
the label-claimed pétésidyar trreleriavbithebstralfiRotiferaimidnutdeturer Sty picatipsoverfill the dosage
forms from 5%40 @%ﬁad@w&m}suSﬁamﬁﬁifg'ga&en@d%t@aaaﬁeémaﬁ&@eﬁmduﬂeIease Capsules

allow for Pancrellp%? % lent ascgtﬂqind%gﬁ@egnlgbgggc@ore than 165% of the labeled lipase
activity. In practlce t eanst at patlents and prescribers are unable to judge the dosage
strength with accuracy, Wwitlci»euagticakiesulitihattheisppiepriatesdodage sAgnkeds to be determined
empirically for eachpeie QEE&%&“Qﬂnd@%@tﬁ@c%ﬁﬂ&%oﬁd&%&%%&@é'&éﬁ%Hm&%&&& disorders rely on
these drugs to prowde the nzymes %3 ey need dta dl%&’e If the Iab%I contains an
inaccurate statemeRrPabSt - E;%iar iCukar pro ttwl ote n‘:é"y{fr a % mu gtlen & sk for receiving too
much or too liftfe ofltﬁ@lFﬁéﬁléﬂﬁ%ﬁa@oﬁé@ﬁféﬁ@?ﬂ@‘\‘ﬁﬁafaaﬁé’ﬁﬁlPaﬁrélté“b’i‘tﬁ'\‘ﬁ%“ﬁ%table digestive
enzyme compositibeireapsbleaimaintainkig:iheneressdenactiitycionthe éxpadated shelf life of the
enzyme preparation, Withouldens RRINg oY SN I &-I0SAREOHMomakMMARY OF THE

INVENTION  The present invention relates to stable digestive enzyme compositions and dosage
forms and methods for producing stable enzyme compositions and dosage
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5 forms. More particularly, the present invention relates to enteric coated enzyme compositions and
dosage forms that exhibit minimal loss of activity under typical storage conditions. In one
embodiment, the present invention provides a composition comprising at least one digestive enzyme,
wherein the composition has a moisture content of 10about 3% or less. In another embodiment, a
composition of the present invention comprises at least one digestive enzyme, wherein the
composition has a water activity of about 0.6 or less. In another embodiment, a composition of
the present invention comprises at 15least one stabilized digestive enzyme, wherein the at least one
stabilized digestive enzyme exhibits a loss of activity of no more than about 15% after six months of
accelerated stability F&8tiFRyC Lipass e ths R &708HTB FAATEA I IREYpies &t 3RVBNTEBT provides a dosage
form such as a tableirgrgecapsidefifedsritheheioempsiidnooitihe presentivigention. 20In yet another
embodiment, a compasifian.ef.the Presasinyenrtianfurtes compisesibe Aldgastgne digestive
enzyme coated Withi?. ag:gating, wherein the coating comprises an enteric polymer and optionally at
least one inorganic material. In yet another embodiment, the present invention provides a package
comprising a sealed contaiter pnasie ntdaoisitipresistarhmateindu R slesieaant aad at 25least one
dosage form of the present inyention, whereinthesdesiseant and At saskans Agsage.form are inside

the sealed container. In yet angther eml?odlrr_]ent. the present invention provides a method of treating
or preventing a disofd&¥ SEEESEa aﬁ?d@%@é%%%ﬁ?@%é?%ﬁ%‘iftheé‘g?ﬁtﬁﬁs?%”%ninistering a
composition of the pEsein imgahsiopiity eamizitwiiat ihriebar 3Bt rereibfPancrediic yodvmsather embodiment,
the present inventionproyidas asmaihed ofpreprengaoeppesiHoraiiperriesent invention. In one

embodiment, the mefhod comprises seRUNg.RAMICESLING 3F IEASLANG HigRstiya.qgyme in an

atmosphere having a moisture content of about 3.6 g water per m3 or less, with a coating 5comprising
an enteric polymer ARE S IEERFEREALRFARIE Paterial, thereby forming a plurality of delayed release

particles. 10 15 20 25 30 7besriesenalipyenion.asadyepidesany: ang.etiheembediments disclosed

below and indicated with the numbers lta. 132: . 1, A comt%&)sitggbn com r}igin at least one digestive

. Q558855 t & ass0c1a appro anraceutic .
enzyme, wherein the 5 composition has a mo tureycontent 0} (S’Bt §°o or |ess. . The composmon

of claim 1, wherein HRIVHS R Ehtéht 1 SBORAPIO G I8 e PrepRatiophibBRIIH of claim 1, wherein
the at least oné #igastiveisdbyméas idselettetfromvtnehgr oupot dnrsistimgsohpasesihpase, lipase,
trypsin, chymotrypsigichymetypsinddvinancigatapeptidasescarhexypsntigase A, carboxypeptidase B,
alycerol ester hydrolase, phasphalipase, phospholloase A2, steralesier hytiglase, ribonuclease,
deoxyribonuclease, a-amylase, papain, chymopapain, bromelain, ﬁcym, %-amy ase, cellulase,
l-Galactosidase, ar?ﬂ%ﬁiﬁ@ﬁﬁé?f’é‘??ﬁnﬁe PR LM TRHID LI e RSFIR AHe at least one
digestive enzyme i gcaeﬁm@at the product provides the label-claimed potency at the end of the shelf

20 life, manufacturers typically overfill the dosage forms from 5% to 60% and current
USP specifications for Pancrelipase Delayed-Release Capsules allow for Pancrelipase

eguivalent to not less than 90% and not more than 165% of the Iabeled lipase activity.

In practice this means that patients and prescribers are unable to judge the
dosage strength with accuracy, with the practical result that the appropriate dosage
25 needs to be determined empirically for each new prescription. Patients with exocrine
pancreatic insufficiency disorders rely on these drugs to provide the enzymes they
need to digest food property. If the Iabel contains an inaccurate statement about a
particular product’s potency, then the patient is at risk for receiving too much or too

litile of the medicine.

30 Accordingly, it would be desirable to provide a stable digestive enzyme
composition capable of maintaining the necessary activity for the expecied shelf life

of the enzyme preparation, without depending on overfilling the dosage form.



5. The composition of claim 3, wherein the at least one digestive enzyme is 20pancrelipase. 6. The
composition of claim 4, wherein the lipase is animal lipase, bacterial lipase, fungal lipase, plant lipase,
recombinant lipase, synthetic lipase, chemically-modified lipase, or mixtures thereof. 25 7. The
composition of claim 1 further comprising at least one pharmaceutically acceptable excipient. 8. The
composition of claim 7, wherein the at least one pharmaceutically 30acceptable excipient is selected
from the group consisting of a binder, disintegrant, lubricant, glidant, diluent, and mixtures thereof. 9.
The composition of claim 7, wherein the at least one pharmaceutically acceptable excipient is at least
one stabilizer selected from the group consisting of trehalose, praline, dextran, maltose, sucrose,
mannitol, polyols, silica gel, aminoguanidine, pyridoxamine, and mixtures thereof 5 10. The
composition of claim 7, wherein the at BAgMARYDORTHECENKIERIRI@E Cceptable excipient is at least one
binder selected from the g%l,%ug consisting of starches, sg(,]gars, lactose, it sugar alcghols, a xylitol,
sorbitol, mental, cellulose, WHErBER EATRE Caff A d Y R VB ropy cellulose,
10carboxymethylcellfis&e fowsiarA Mfontidacio e peNAARImRS ProiResens 21 dpreecomposition of
claim 7, whereinsthe faieastanaphsinase pgicalnaeceptahles exaipienidaddtleast one disintegrant
selected from the groypn,consisting ab dibgsic £alSkm: REASRNRLS »AIbASIC alciumL.phosphate dihydrate,
tribasic calcium 15phosphate, corn starch, alginic acid, hydroxypropylcellulose,
carboxymethylcellul8E €& €arboxymethylicellulose sodium, cross-linked carboxymethylicellulose
sodium, swellable ion exchange#esinsnd@inates.: iavmaldghysie casip.aalllassigoscarmellose
sodium, crospovidone, mgrogrysialing. eellylpse, secium.sarborumetivl starch, secium starch
glycolate, starches, and rice starch. 2012 The composﬁlon of claim?, wherein the at least one
pharmaceuticalh‘? acﬁ@ﬁfﬁ?fléré??éipient is at least one lubricant selected from the group consisting of
calcium stearate, magnesjim garaisssRHWREAM fuM plg. Steatic:acid.ping stearate, talc, and

waxes. 25 13. The com %Zd.tice)rgi ‘%feglaim Zﬁh\é\{‘h%rtgéncggeogltﬁlo% stS one ‘Fhar_mtacefutlc%ly acceptable
excipient is at least SRe Gidat os TRaE /o T G FSUP e R et g e Hisinal &4 ‘ioxide and talc.
3014.The composititisst-claim 7, wherein the at least one pharmaceutically acceptable excipient is at

least one diluent selectedhflrgnrg}htcr}% Srou egggﬁ@}jg\%_igg n@%ﬂ@%@geﬁ%ﬁ%@;ﬁ%&&@ 9§%u§ dibasic calcium

phosphate, anggdrous dibasic caIC|um1p osphate dihydrate, tribasic calcium ospahate, cellulose,

lactose, magnesium BHARE R AH HErTETE LT T B TGS B 19 a1 lisH, figeitith of claim 1, wherein
the composition exiilsirme rekites stetsilifipaivlipaseo activibpoampabeickfisraicorpsifion with a moisture
content greater than-38e-G:GanaResition comprising at least one digestive enzyme, wherein the
composition has a water activity of about 0.6 or less. 17.The composition of claim 16, wherein the
water activity is about 0.4B¥9eE8PrprB THiEwh HpBSHMB U F R 16 herEiRs (R@attkast one digestive

enzyme is selected 4sembtbengrcapsuboiiBid ity ©f panoistipagehdipases trygpsin, chymotrypsin,
chymotrypsin Bb pancreatopeptidase, cbarbogpegtidas_e_ A, %:arboxgpe,ptidase B, glycerol ester
hydrolase, phoipholipase” BEEPREI RO RIS EPBPLLILP RLAF S MEBRIRAEEE. deoxyribonuclease,
a-amylase, papain, SHpisplpai e BranERaHY fiehayIsieushyilicecediabucip Balactosidase, and
mixtures thereof. 12ckhe; camppesitiomeficiaiynt Smabgleifiihe iadsleastneigasive enzyme is a
lipase 20 20.The composition of claim 18, wherein the at least one digestive enzyme is pancrelipase,
21. The composition of caiKgt 2 RHErEAT T ifS SE e LdeR PRSI B Aeskarlipase, fungal lipase,
plant lipase, recombimantilipaselsyntiretia ipdsel ohignmegadlstant material, a desiccant, and at

25 . least one dosage form of the present inveéntion, wherein the desiccant and at least one

dosage form are inside the sealed container.

In yet another embodiment, the present invention provides a method of
treating or preventing a disorder associated with digestive enzyme deficiency
comprising administering a composition of the present invention to a ruammal in need

30  thereof.



25modified lipase, or mixtures thereof. 22. The composition of claim 16 further comprising at least one
pharmaceutically acceptable excipient. 30 23.The composition of claim 22, wherein the at least one
pharmaceutically acceptable excipient is selected from the group consisting of a binder, disintegrant,
lubricant, glidant, diluent, and mixtures thereof. 24. The composition of claim 22, wherein the at least
one pharmaceutically acceptable excipient is at least one stabilizer selected from the group consisting
of trehalose, proline, dextran, maltose, sucrose, mannitol, polyols, silica gel, aminoguanidine,
pyridoxamine, and mixtures thereof. 5 25. The composition of claim 22, wherein the at least one
pharmaceutically acceptablg %>t<gli1p'{ Qteisb% iIea}%t pne bintde\rr S Ioectreoq .Hom tht% group consisting of
starches, sugars, lactose, _suéar a co_F]orfls, xﬁﬁo , SoToItol, ma ﬁoli,pceﬂucif)ggl,em(fcrgocrystalline cellulose,
modified celluloses, RYHRERGFEIRHEE NS & e rOEEHIBYGHHEtHA CBH USSP Msffbic acid, and
polyvinyl pyrrolidone c2Grifhieeongpesitiencdfclaim2 2yailrergin theat ieastonepharmaceutically
acceptable excipi_entggv%{glgmsgg@mﬁa;%gg@&& g@lggﬁgg {)@mstaqg{:%gggﬁ@gng of dibasic callc.ium
phosphate, dlbas§c calcium. hos(ghaie dmxgrg%i? tt{lb@grlic calcium 1%&@3@&@&& corn starch, alginic

. C 1151 an enteric po cas NOTrEanic 171 fi 1 a .
aC|d,'hydroxypropylceﬁrﬂfose,gcar oxymethylcellulose calciuny, carboxyme Celftiogé sodium,

cross-linked carboxyMEiHENGInEE Shatarilfllable ion exchange resins, alginates,
formaldehyde-casein, cellulose, croscarmellose sodium, crospovidone, microcrystalline cellulose,
sodium carboxymethyl starch, sodium starch glycolate, starches, and rice starch. 20 27. The
composition of claim 22, wherein the at least one pharmaceutically acceptable excipient is at least one
lubricant selected from the group consisting of calcium stearate, magnesium stearate, sodium stearyl
fumarate, stearieoacid, zinc stearate, talc, and waxes. 25 28. The composition of claim 22, wherein the
at least one pharmaceutically acceptable excipient is at least one glidant selected from the group
consisting of colloidal silica dioxide and talc. 30 29.The composition of claim 22, wherein the at least
one pharmaceutically acceptable excipient is at least one diluent selected from the group consisting of
maimitol, sucrose, anhydrous dibasic calcium phosphate, anhydrous dibasic calcium phosphate
dihydrate, tribasic calcium phosphate, cellulose, lactose, magnesium carbonate, and microcrystalline
cellulose. 30. The composition of claim 22, wherein the at least one stabilizer is selected from the
group consistind”of trehalose, praline, dextran, maltose, sucrose, mannitol, polyols, silica gel,
aminoguanidine, pyridoxamine, and mixtures thereof. 5 31. The composition of claim 16, wherein the
composition exhibits greater stability of lipase activity compared to a composition with a water activity
greater than 0.6. 10 32.A composition comprising at least one digestive enzyme, wherein the at least
one digestive enzyme exhibits a loss of digestive enzyme activity of no more than 15% after six
months of accelerated stability testing. 33. The composition of claim 32, wherein the at least one
digestive enzyme 15exhibits a loss of digestive enzyme activity of no more than 10% after three
months of accelerated stability testing. 34. The composition of claim 32, wherein the accelerated
stability testing comprises storing the composition in a sealed Nialene bag at 40C/75% relative 20
humidity for 3 months. 35. The composition of claim 32, wherein the at least one digestive enzyme is
selected from the group consisting of pancrelipase, lipase, trypsin, chymotrypsin, chymotrypsin B,
pancreatopeptidase, carboxypeptidase A, carboxypeptidase B, 25glycerol ester hydrolase,
phospholipase, phospholipase A2, sterol ester hydrolase, ribonuclease, deoxyribonuclease,
a-amylase, pap?a?in, chymopapain, bromelain, ficin, 13-amylase, cellulase, B-Galactosidase, and
mixtures thereof 36. The composition of claim 35, wherein the at least one digestive enzyme is a
30lipase. 37. The composition of claim 35, wherein the at least one digestive enzyme is pancrelipase.
38.The composition of claim 36, wherein the lipase is animal lipase, bacterial

30



lipase, fungal lipase, plant lipase, recombinant lipase, synthetic lipase, chemically-modified lipase, or
mixtures thereof. 539.The composition of claim 30 further comprising at least one pharmaceutically
acceptable excipient. 40. The composition of claim 39, wherein the at least one pharmaceutically
acceptable excipient is selected from the group consisting of a binder, disintegrant, 10lubricant,
glidant, diluent, and mixtures thereof. 41. The composition of claim 39, wherein the at least one
pharmaceutically acceptable excipient is at least one stabilizer selected from the group consisting of
trehalose, proline, dextran, maltose, sucrose, mannito|, polyols, silica.gel, 1 ' |ding,
pyridoxamine, ‘4AETRRAUFSE BTG, PAY MR E" oorlr]]%%@tﬁ%%mg cc:%a??nn%%l,g\%ﬂsgr%%%ggty I%glsgé%%e
pharmaceuticallshaioceptébte exclpient is at least one binder selected from the group consisting of
starches, sugars, lactose, sugar alcohols, xylitol, sorbitol, maltitol, cellulose, 20microcrystalline
cellulose, modified celluloses, hydroxypropylcellulose, carboxymethylcellulose sodium, alginic acid,
and polyvinyl pyrrolidone. 43. The composition of claim 39, wherein the at least one pharmaceutically
acceptable excipientis at festRHEMIIHIEI 3816 ere digsHYHsE2 YRS UBheBiNsisting of 25dibasic
calcium phosphate, dihasiciealsivmqinasphate: dihyolrad®, dribasic calcium phosphate, corn starch,
alginic acid, hydroxypropylcellulose, carboxymethylcellulose calcium, carboxymethylcellulose sodium,
cross-linked carbox meth;ﬂg:elluloset.sodé'ulmﬂlslwelltlableﬂilon ext?lhangte rtesirgs, a2I inaltes,
formaldehyde-caseifi, cellu 5se” ?%lsicé%?rﬁeﬁ’losé“s’oea?ﬁlm,ecﬁ:frlgzgpc’ie\’/faoﬁré,l AETGE §/§fafﬁsrie cellulose,
sodium 30carboxymethyl starch, sodium starch glycolate, starches, and rice starch. 44. The
composition of clain3.39, wheteipikigcableashonetphar macdticallydgeeepiakienexcipient is at least one
lubricant selectgd from theQrouR sensisting:f salcium,sleatate, Magnesium,sigarate, sodium stearyl
fumarate, stearic acigg zinc ste%rateé ta%c, and waxes. 45, t‘!’ e cjgm%)osition_.gf claim 39, wherein the at
least one pharmace‘fj ?é’l%éncc’éjﬁ?a’g eoggf’cilp&igéehfailé arfeas oS%e’gcﬁ SSRleated from the group
consisting of colloid&lsshieidhpbadielancPhateldmaseheieshiperstion el ater Boiroltserein the at least one
pharmaceutically acteptakiscckeipignhiglaise astoneedipeint delecteshironvtiriigraep consisting of 10

mannitol, sucrose, gnhydiqus.gibasic ealcidmuRbosphateanfydrous dibasic calcium phosphate

dihydrate, tribiséjc calcium phosphate, cellulose, lactose, magnesium carbonate, and microcrystalline
cellulose. 47. A"dosage form comprising a tablet or capsule comprising the composition of 15claim 1.
48. The dosage forrh of clifFaRosifREredAlugid dbesieTornFis SreisHiEcilet Rif#the composition of
claim 1. 20 49.The dgsage form of claim 48 comprising: a capsule filled with a plurality of coated
particles; the coated particles comprise a core coated with an enteric coating; the core comprises
pancrelipase and at least gne disintegrant; .and the enferic coating comprises at least one enteric
Palymer and 20-6006 wt 9k o FEAT IEAL QL AR SUERT B OB il weight o the
coating; wheretf theserak@eparticles have a moisture content of about 3% or less, and the capsule
has a moisture content of 4% or less. 50. The dosage form of claim 49, wherein the capsule has a
water content of abgut 2%;0tigsssath GbiHhe, dasaneHommtlaimB.whRteinthe capsule is

comprised ofamatlerial Ieclth fromii e group c nsiﬁln ofa%el.lu{osic ol mer
1 asei %?néa 1gase &j'an 1 a(%e recombi 1 ? gyntheuc apase ermcally-
hydroxypropylmethy?ce1uo e, starch, a polysaccharide, pulfutan, and gefatin.
: modified lipase, or mixtures thereof.

25
7. The composition of claim 1 further comnprising at least one pharmaceutically

accepiable excipient.
8. The composition of claim 7, wherein the at least one pharmaceutically

30 acceptable excipient is selected from the group consisting of a binder, disintegrant,

lubricant, glidant, diluent, and mixtures thereof,
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52. The dosage form of claim 51 wherein the capsule comprises hydroxypropyl methylcellulose. 53.
The dosage form of claim 49, wherein the capsule comprises hydroxypropyl 5Smethylcellulose. 54. A
dosage form comprising a capsule filled with the composition of claim 16. 55. The dosage form of
claim 54, wherein the capsule has a water content of about 102% or less. 56. The dosage form of
claim 54, wherein the capsule is comprised of a material selected from the group consisting of a
cellulosic polymer, hydroxypropylmethylcellulose, starch, a polysaccharide, pullulan, and gelatin.

57. The dosage form of claim 56, wherein the capsule comprises hydroxypropyl methyleellulose. 58. A
dosage form comprising a_capsule filled with the compasition of claim 32. 59. The dosage form of
claim 58, wherein th& capEﬂT&ﬂ&%”%‘%?&?‘%@n@e"fﬂ%?‘fé@%afﬁ%?ﬁt?% PRI Yage form of claim 58,
wherein the capsulesisaéntriprixtsicof inahiesss pizd PHdede criadfrbthbegrovrevigisting of a cellulosic
polymer, hydroxyprapytneeihyioaldesen siareks, aupelysasaharigelypulbian.and gelatin. 61. The
dosage form of claim 60, g;ég%%lg ngdgmgéeaggmgg&%g%g;égfoxypropyl methylcellulose. 30 62. The
composition of claim 1, wherein the at least one digestive enzyme is coated with a coating, and the
coating comprisés an enteric polymer. 63. The composition of claim 62, wherein the coating further
comprises at least olfe indigrendiomsiieridiclaga 7 THstewriip esitishont plaime@gialherein the enteric
polymer and the inojgpisemalesalaradiaseniinatriiatFom: akostdiltagaout 1:25. 65. The
composition of clain, 64, WQS&S@&E@S?”@%%BF&M&?V s ﬁ%@%&% Jomiies ‘r’el?&z'é) gonsisting of cellulose

acetate phthalate, hydroxypropyl methylcellulose phthalate roxypropy yIceIIquse acetate
succinate, polwlnyl"éﬁﬁi‘ﬁfétﬁb‘iﬂfﬁ%ﬂ&sfe merkifid & ﬁ@sﬁﬁlﬂyﬂﬁ‘@iﬁ?ﬂw&ﬂ%ﬁﬂme copolymers and shellac.
66. The compositionadfestanaibgigciniveredfitheataitécastdo pi dirgariicyradidmial comprises an alkalinizing
agent. 1567.The composition of claim 66, wherein the allcalinizing agent is selected from the group

consisting of tal. ifpon el of Saslyrms SAliRALEAGH. sallaof magnesium, salts of

aluminum, aluminum hydroxides, calcium hydroxides, magnesium hydroxides and mixtures thereof.

2068.The compos|tf8ﬁeﬁff\élfa?ﬁ‘?‘%lﬁ‘“d\9ﬁélféfﬁ‘ff’féh88§ﬁ%‘ "RAtREE gBW}Bﬁ%‘%‘pé(’ﬁF&%ﬂ&fer 69. The
composition of clairdiB8icwaienai nhisehpika Siheirerdsive ptrdatroiintitety tobpicomsisting of triacetin,
tributyl citrate, t5i-ethpdspitiaiRoaceirh tdideutyd cifaéeyp2bsiethyicph thalatendiutyl.sgbacate,
polyethylene glycol, palypronylens glycal casionol, &8&3)’@&%%%‘8?%949@%1}]9& Acetylated di-glyceride,

and mixtures thereof._ 70. The composition of claim 16, further comprising the at least one digestive

enzyme coated Wltﬁ%‘%‘&iﬁ&%ﬁf@?@ﬁweﬁﬁ?ﬁﬂ&%ﬁﬁﬁ%’@éﬁlgﬁbé‘?ﬁéﬁﬁ%ﬁww 30

croscarmeliose sodium, crospovidone, microcrystalline cellulose, sodium

carboxymethyl starch, sodium starch glycolate, starches, and rice starch.

20
12. The composition of claim 7, wherein the at least one pharmaceutically
acceptable excipient is af least one lubricant selected from the group consisting of
calcium stearate, magnesium stearate, sodivm stearyt fumarate, stearic acid, zinc
stearate, tale, and waxes,

25

13, The composition of claim 7, wherein the at least one pharmaceutically
acceptable excipient is at least one glidant selected from the group consisting of

colloidal silica dioxide and tale.

30 14, The composition of claim 7, wherein the at least one pharmaceutically
acceplable excipient is at least one diluent selected from the group consisting of
mannitol, sucrose, anhydrous dibasic calcium phosphate, aphydrous dibasic calcium
phosphate diliydrate, iribasic calcium phosphate, celiulose, lactose, magnesium

carbonate, and microcrystailine cellulose,

4b



71. The composition of claim 70, wherein the coating further comprises at least one inorganic material.
72. The composition of claim 71, wherein the enteric polymer and the inorganic material are present in
a ratio of from about 4:1 to about 1:25. 73. The composition of claim 70, wherein the enteric polymer
is selected from the 5 group consisting of cellulose acetate phthalate, hydroxypropyl methylcellulose
phthalate, hydroxypropyi methylcellulose acetate succinate, polyvinyl acetate phthalate, methacrylic
acid-methylmethacrylate copolymers and shellac. 74. The composition of claim 71, wherein the at
least one inorganic material 10comprises an alkalinizing agent. 75. The composition of claim 74,
wherein the alkalinizing agent is selected from the group consisting of talc, silicon dioxide, salts of
sodium, salts of calcium, salts of magnesium, salts of aluminum, aluminum hydroxides, calcium
hydroxides, 15 maghesiurfiRgeirasiies elrittimikisbesioibteoprrgioTReddpas&tivi§hclaim 70,
wherein the coating dfiifhes seavipiGas.feinstiaipesitidt ¢ hlheccompositopedal dm F6, wherein the
plasticizer is selected from the group consisting of triacetin, tributyl citrate, tri-ethyl citrate, acetyl
tri-n-butyl citrate, diethyl phthalate,.dibutyl sebacate, polyethylene glyco|, polypropylene glycol, castor
oil, acetylated rr150n(?-é?lyce‘l;i%oel?pé)éigf)ﬁﬁ?é'%/‘jncﬁ?ﬁIff;é%aﬁtcf’erﬁeé}l?%smﬁ Lﬁ%% Vsélf"a‘e%. 78.The composition of
claim 32, further coRfpHSRiEPIHe A Tels eOME digeethib éh ¥yine coated with a coating, wherein the
coating comprises an enteric polymer. 79. The composition of claim 78, wherein the coating further
comprises at least ope ingiganic Mate#AR 80, Jhe.camRasitien:oficlaim d 2 .wherein the enteric
polymer and the inorganic material are present in a ratio of from about 4:1 to about 1:25. 81.The
composition of claim 78, wherein the enteric polymer is selected from the group consisting of cellulose
acetate phthalafe, ieroxyinepyperitemyicatioldsa prainlbne g oRisrsiA wrets/itellulose acetate
succinate, polyvinylsaleatdatedahiixgiaie, Hieluag by e-acithmetipika) ethsiarylgtecegpalymers and shellac. 5

82. The compositiog,of Glaine:./8, Whersndha.a Bazkonedntaniconatepal.cogprises an alkalinizing
agent. 83. The com %sitiﬁgﬁglof C o bgegrierein thﬁ grl}gj;jnizing agent |s£§?!£cted from 10the group

1 est Ida B2 | h i 1

consisting of talc, steoR dfSKidE 4K BB R OB PSR (SRS Magnasium, salts of
aluminum, aluminufiPPRpgtesRid & EECRITEHY droxides, PARIGhEBITYPRFtSXIIES A Mixtures thereof.
84. The compasitiop-ahatainiBlehBr@incdtheient efiCrteatiagtusbher comprises a 15plasticizer. 85.
The composition of claim 84, wherein the plasticizer is selected from the group consisting of triacetin,
tributyl citrate, tri-ethyl citrate, acety| tri-n-putyl citrate, diethyl phthalate, dibutyl sebacate, polyethylene
glycaol, polypropylenljggly%%ﬁ CHE %32{ fﬁgﬁ?%&%ﬁiﬁ%eée Fﬁ%hﬁgfgﬁfl%é’ﬁ%é‘,geé%&?%ﬁéﬁEﬁ?glyceride, and
mixtures thereof. 882#%-dosage form comprising a tablet or capsule comprising the composition of
claim 62. 2587.The dosage form of claim 86, wherein said dosage form is a capsule filled with the
composition obglainy 62. 83. (LhGHesROL-I0KM OhAIRIR &/ at"éé*ﬁ?c@@cﬁé@s&%@%%ﬂ@s a water content of
about 2% or less. 30 89, The dosage form of claim 87, wherein the capsule is comprised of a material
selected from the gpr%nﬁﬁeapoaﬁ%isting of a cellulosic polymer, hydroxypropylmethylcellulose, starch, a
polysaccharide, pullulan, and gelatin.

21.  The composition of claim 19, wherein the lipase is animal lipase, bacterial

lipase, fungal lipase, plant lipase, recombinant lipase, synthetic lipase, chemically-

25  modified lipase, or mixtures thereof.

22.  The composition of claim 16 further comprising at least one pharmaceuticatly

agceptable exeipient.
30 23, The composition of claim 22, wherein the at least one pharmaceutically

acceptablie excipient is selected from the group consisting of a binder, disintegrant,

fubricant, glidant, dituent, and mixtures thereof.
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90. The dosage form of claim 89, wherein the capsule comprises hydroxypropyl methylcellulose. 91.
The dosage form of claim 89, wherein the capsule has a moisture content of 5less than about 4%. 92.
The dosage form of claim 89, wherein the capsule has a moisture content of less than about 2%.
1093.A package comprising a sealed container comprised of a moisture resistant material, a
desiccant, and at least one dosage form of claim 47, wherein the desiccant and at least one dosage
form are inside the sealed container. 94.The package of claim 93, wherein the moisture resistant
material is selected 15from the group consisting of metal, glass, plastic, and metal coated plastic.
95,The package of claim 93, wherein the desiccant is selected from the group consisting of molecular
sieves, clay, silica géf: acthaRreiBhe trimconiifEnsHeterette phrmmers ity package of claim 95,
wherein the desiccaatipirhblecifanisicadsst okt rackagecomprisingu sealedaogntainer comprised

of a moisture resistanhmatesishing dssiscatiRndableasipns desagedosmaf claim 54, wherein the
desiccant 25and at I&%%% one g xg)esajgr?dg‘%g aergngwsgghentg Set ed container. 98. The package of claim
97, wherein the moisture resistaht- matenar s selected from the group consisting of metal, glass,
plastic, and metal coated plastic. 3099.The package of claim 97, wherein the desiccant is selected
from the group conslsting bk mroleculan sields 22lapesilicee gekacthegteanearbon]land combinations

thereof. 100. The pagckaaeof.ciaim: M- whetainihe-dasiceaniishalacilalsigyes. 101. A package
comprising a sealed contanet, made of molsture esisiantmaterial 2 fesiceant, and at least one
dosage form of claim 58, Wherein the dediccan ariéyatqéas?oné osage form are inside the sealed
container. 5 102. TREPEERaGETTERH: rofiistfeleitrthaniseriresiedistest material is selected from
the group consistingafonetetitebdoplasiion aixhimets cdategvplesticolid3. The package of claim
101, wherein the desiccant is selected from the group 10consisting of malecular sieve, clay, silica gel,
activated carbon, ar% co bination:sﬁgh(%rff::c?gi.m;:9’4{}\.@;‘13?11 8%%‘51%%& f_(})}:}‘Ecl im 10§ vyherein the desiccant is

. . 1 . . .
molecular sieves. 15105. A method of treating Or preventing a diso gfngscg%cﬁ%?éd with digestive

enzyme deficiency RSTREHL RS i AT §Ra BOMTBBEITECEETamThE &P a4 need thereof.
106. A method of tré&tivigeariprenienping aldistraén asposirddiitrdigeitsie 2Bimnzyme deficiency
comprising adninistakingaa, ComRasii A af-Gladm ke 10 RBIMALIR ORI B8IROMuI0s107. A method of
treating or preventing a disoréjer associ tqd wit digesti\_/eke zyme deficiency comprising administering
a composition of clé:%wn%ni’ ?Sraoj%glfﬁ?%% 5 Sr?glglcrll’t rgsfse%?. e%ﬁ%?%ﬁg%%gﬁﬁgfmtsr%aﬂng or preventing a

disorder associated Wit dige i S iFsiretEite e donipmaligradiimiéteiily4ecomposition of claim
1 in combination withhgamelicamdnmvirshoiibreasesoGltrdotepelldosa mdnrmmal in need thereof. 30

109. The method ot&lain:kO§: wherehithesmedicanantissrlcetadidiemdhe group consisting of proton
pump inhibitorg;and antacids. 110. The method of claim 108, wherein said administering comprises

the administration of a dosage form comprising the composition of claim 1 and a separate dosage form

comprising the medicam&ht WRRITHife AE &) WhRepHC & 19991 REHTEHRYIEDY claim 108, wherein
said administering ewsanptiseschiew dmistretfdrbtfat shirgied dosathe foren wosispristig the composition of
claim 1 and a medieanentdamichningeeastsetald astipirkik0d hadnA-nethest atipraparing a composition of
claim 63, comprisiQ%ate’ H0ating,particles of at least one digestive enzyme in an atmosphere having
a moisture content of about 3.6 g water per m3 or less, with a coating comprising an enteric polymer
and at least offe inorganic material, thereby forming a plurality of delayed release particles. 15113.The
method of claim 1123; whEreharinesitienobpiriorélcuhasiicbs sleastirspbarroeaticalert gas.

accepteble excipient is at least one glidant selected from the group consisting of

colloidal silica dioxide and talc.

30 29.  The composition of claim 22, wherein the at least one pharmaceutically
acceptable excipient is at least one diluent selected from the group consisting of
mannitol, sucrose, anhydrous dibasic calcivm phosphate, anhydrous dibasic calcium
phosphate dihydrate, tribasic calcium phosphate, cellulose, lactose, magnesium

carbonate, and microcrystalline cellulose.
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114.The method of claim 112 wherein the particles of at least one digestive enzyme are coated with a
mixture of an enteric polymer dissolved in acetone and at least one inorganic material. 20115.A
method of preparing a composition of claim 71, comprising: coating particles of at least one
digestive enzyme in an atmosphere having a moisture content of about 3.6 g water per m3 or less,
with a coating comprising an enteric polymer and at least one inorganic material, thereby forming a
plurality of delayed release dosage units. 25116.The method of claim 115, wherein the atmosphere
comprises air, nitrogen, or an inert gas. 117.The method of claim 115, wherein the particles of a
digestive enzyme are coated with a mixture of an enteric polymer dissolved in acetone and at least
one inorganic material. 30118.A method of preparing a composition of claim 79, comprising:

coating particles of afleaShenerdigastivé dnmihevierein atmidsphercshblingiasehoisture content of about
3.6 g water per m3 @piess.oyithp ARsRREIELARIROEAMPEISIRG: an-esie v RelymaraNd at least one
inorganic material, th§§§1?ysi§1%rém(ieri'% 2 I;:‘leéjuréaﬁlli&/mof ggégya%jm%eg%g%qxg&%a@eem%gits, 119. The method of
claim 118, wherein the atmosphere comprises a%r nitrogen, or an inert gas.” 120. The method of claim
118, wherein thé particles of digestive enzyme are coated with a mixture of an enteric polymer
dissolved in acetonéland &tcleastoivennbeganit materiahsodPdsidomatiivd mégpweparing a composition
of claim 1, comprisiggsifeymuiatingtheydigastiveenaspssimherain thedigastve.aazyme has a moisture
content of about 3%, or &ss. 10122.A method of preparing a composition of claim 16, comprising:
formulating the digestive enzyme, wherein the digestive enzyme has a water activity of about 0.6 or
less. 123. A method of preparing a composition of claim 32, comprising: 15formulating the digestive
enzyme, wherdi th dige'stivepenizgmeengxhibits kdooscofmitjes tiveen mimeimidtviticasf No more than
15% after six monthgOfigeseiaratost stability testingiedad. Jhgcampasition sbelaims 1, 16, or 32,
wherein thg at qustl%gfgllgsggg\é%gg%yi@g IS PANGH lf%ﬂﬁas%%g.u& The 90mp05|t|on of c_Ialm 124, Wr_lereln
the pancrelipase is porcine derived. 126. A dosage form, Wherein said dosage form is zero-overfill
dosage form comprising the composition of claim 124. 127. A method of treating exocrine pancreatic
insufficiency in a patient, Bormprisingeadhvinistétingcanndifet trret amdigastof gseyosmposition of claim 124
to a patient in neededhereafid2& dheitethpd ot ¢lainrie howhereinthapatienthass cystic fibrosis. 129.

The method of clair,cpC c]é?Za!téth%{;g},gf ?easﬁ% treating alleviates fat malabsorption in the patient. 130. The

method of claim 127, wherein said treaﬁ’ng increases the coefficient of fat absorption in the patient.
131.The method of claim 128, wherein said treating increases the coefficient of fat absorption to at
least about 85% in the pdiientnBSRoT hechiwthbd i diaimat S wddeteiiisdddincrease in the coefficient
of fat absorption in ¢hgppatientiecadsuihalsh GOz ashpintdmtienef 20rronpump inhibitor. DETAILED
DESCRIPTIO%OFIJM&SLI}IO\[Q}QJQJ'\I - One aspect of the present invention is directed to a
stabilized digestive enzyme composition. The term "stabilized digestive enzyme" means a digestive
enzyme which maintains substantial enzymatic activity after long-term storage. The term "digestive
enzyme" denotes &d-enzZiimecinptivsicnivh a3 trdetaivhibehtresakes diastitheneoe onents of food so
that they can be takased ahsaibaddpy:dhesmigaii&telipase, lipase, trypsin, chymotrypsin,

chymotrypsin B, pancreatopeptidase, carboxypeptidase A, carboxypeptidase B,
25 glycerol ester hydrolase, phospholipase, phospholipase A, stero! ester hydrolase,
ribonuclease, deoxyribonuclease, g-amylase, papain, chymopapain, bromelain, ficin,

B-amylase, cellulase, B-Galactosidase, and mixtures thereof.

36.  The composition of claim 35, wherein the at least one digestive enzyme is 2

30 lipase.

37.  The composition of claim 33, wherein the at least one digesiive enzyme is

pancrelipase.
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Non-limiting classes of digestive enzymes suitable for use in the present invention include lipases,
amylases and proteases. Non-limiting examples of digestive enzymes include pancrelipase (also
referred to as pancreatin), lipase, co-lipase, trypsin, chymotrypsin, chymotrypsin B,
pancreatopeptidase, carboxypeptidase A, carboxypeptidase B, glycerol ester hydrolase,
phospholipase, sterol ester hydrolase, elastase, kininogenase, ribonuclease, deoxyribonuclease,
a-amylase, papain, chymopapain, glutenase, bromelain, firth, (3-amylase, cellulase, pGalactosidase,
lactase, sucrase, isomaltase, and mixtures thereof. In one embodiment of the present invention, the
stabilized digestive enzym ancreatl m ancregtic enzyme as used herein
refers to any one of the en: %/ﬁ?e“ Bags Dfesé’ﬁt}%(t ngg fii‘ ? 2 AU SR & EH % amylase, lipase,
protease, or m|xture@%@@ﬁﬂ@@%ﬁéﬁtﬁ%ﬁﬁx@@ﬂt@?@?é&t& eﬁ@hﬁifﬁétvﬁﬁg dnmjesiltic activity, such as
pancreatin. The pangradtia Bazymesaaenahtdined through extraction from the pancreas, produced
artificially, or obtained from sources other than the pancreas, such as from microbes, plants or other
animal tissues. _ In another embodiment of the present |nvent|o the stabilized digestive enzyme is
pancrelipase. THe téfins DHTRRITALR o6 ¢ 453 AL FEHITR " FRRERS & RSO R e ERGRTIE pes of enzymes,
including amylase, |psedisbriciirtease enzymes. Pancrelipase is commercially available:for example
from Nordmark Arzneimittel GmbH, or Scientific Protein Laboratories LLC.  In one embodiment of

the compositions offhe pigsenhipeafion.ile stallzed diesiive eprymedmpises a lipase. The

term "lipase” refers to an enzyme that 5catalyzes the hydrolysis of lipids to_glycérol and simple fatty
acids.  Examples SfRERES é‘%tﬁ*ébté‘%%?ttﬂéy“’b’%e%e%t’“%\‘i‘é‘tttf%fﬁ%ﬁ%ﬁ?&é“ eﬁﬁtsﬁt%gﬁ%tt limited to animal
lipase (e.g., pot€ineltipase) shértetibecipastrieesPsaviomonas lipase and/or Burkholderia lipase),

fungal lipase, plant lipase, recombinant lipase (e.g., produced via recombinant DNA technology by a

suitable host cell, sglected;1Qfrom gy mglgjga%;% ¥easkalungy p&gﬁgm@ﬁegg or mammalian host

cells in culture, or recombinant lipases which include an amjno acid sequence that is homologous or
substantially |dent|c%ﬁ°f8t%blﬁ§fﬁtpéﬁ§/t BE NG S SHIERCE A é&é“é%ec%a‘éh“ B7EPtdeic acid that is
homologous or sub%ﬁﬁaﬁl?fﬁl@ﬁt@éﬁm@ﬁ@ﬁﬁra‘tﬁr%é%ﬁ%ﬁghlm&@é&eﬁ%@hhg nucleic acid, etc.),
chemically-modified:ipagematidmixjtmesatbinerdeiixurdntmnather embodiment of the compositions of the
present invention, the stabilized digestive enzyme comprises an amylase The term "amylase" refers to
glycoside hydrolase enzymes that prea qwn rch for mple ases, 13- amylases,
y-amylases, acid a- g%ucoi%as’%lém%% val§ry %t‘r‘hy se%res%&%ﬁ %t)siep %ﬁﬁ‘ﬁa %mylases suitable for
use in the composﬂ?fi‘f@t@’ﬁ@tﬁéﬂﬁi@se‘tﬁt#ﬁ%ﬁ%ﬁiﬁnﬁféﬁ?&éte@)ﬁ?@r@wwﬁﬁé&ttegaﬁlmaI amylases,
bacterial amylases stitigal sapayl asesd engar Aspengilisamytase andopreiriadly, is Aspergillus oryzae

amylase), planyamylases,IaeARRINGE MRS SSHEDs, W&%}%&LM largeambinant DNA technology by
a suitable host cell, s%Iected frorﬂ an g one of acten% Q/eias %qt insect or 25 mammalian host
cells in culture, or reaéom’gnnant 1 asesurrf‘ncﬁ1 inAtiaéane 8 sequence that is homologous or
substantially identical to a naturally occurring sequence, amylases encoded by a nucleic acid that is
homologous or subsiantiaﬂyddepﬂi&&ﬁmtalﬂatﬁsaﬂ%mﬁcmar&n@amyﬁa&mmmﬁﬂg nucleic acid, etc.),
chemically modified 2y i@gnmpglqgess ggte&gg;lteg}gft{gmg{)ﬁngpggupgggsg{lgggfcomposmons of
the present in entlor%athe tabilized dlge(ﬂ)ve e me corp;%enaﬁs a rorftgase The term "protease"

S1C Caicl (e5] aSIC ca hDS asiC calcivm
refers generally to enzymes t"“a ﬁ’ro €iNases, e s,orp gfedl IC enzymes) that break peptide

bonds between amth?fléerescwlﬁt%%&ﬁ@mr&@a@@@ﬁ@@@ﬁ@#&tﬁendﬁﬂwﬁylfﬁew%ta|yt|c type, e.g.,
aspartic acid peptidasiag;, cystemeclihiellpeptdasesroncialapeptidasasyisdhineepeptidases, threonine

peptidases, alkaling,ansemimbeiie Rinleases.aulialantneRidasss.f unknaun catalyti

meehanism. 5Non- I|m|t|mg xamples of roteases suitab elfor use in the composmons or oral dosage
E et 58 S0 fuxa CTOSpOVL OHB lG!'DG line celiulose i
forms of the presenit INVENtion imciide Serine protease reonme proteases, cysteine proteases,

aspartic acid pfote&desprasfibpair) Pﬁétﬁ?lé‘ﬁt‘été‘ds‘éstegﬂfatﬁtw@@cﬁﬂeﬁ%ases etc in addition,
proteases suitable for use in the compositions or oral dosage forms of the present invention include,
but are not 10limiteg to %mat@tgteﬂ%@aat%eﬁewﬁératqm@eetf&t@gﬁtﬂ&t@@@ﬁ@ (e.g., an Aspergillus
melleus protease), plant proteases, rec ombln rotease % roduced via recomblnant DNA
technology by a su?? 278" %%‘f‘@éﬁt‘t Edie ed’?rorﬁrhﬁ tséiﬁgt%gf mu 48t Tultgl, plant, insect or
mammalian host cells in culture, or recombinant proteases WhICh mclude an amino acid sequence that
is homologous or substantially 15identical to a naturally conning sequence, proteases encoded by a
nucleic acid that is homologous or substantially identical to a naturally occurring protease-encoding
nucleic acid, etc.), chemically modified proteases, or mixtures thereof. The compositions or oral
dosage forms of the present invention can comprise ¢he or more lipases (i.e., one lipase, or two or
more lipases), one or more amylases 20(i.e., one amylase, or two or more amylases), one or more
proteases (i.e., one protease, or two or more proteases), mixtures of one or more lipases with one or
more amylases, mixtures of one or more lipases with one or more proteases, mixtures of one or more
amylases with one or more proteases, or mixtures of one or more lipases with one or more amylases

and one or more proteases. 25In one embodiment, the digestive enzyme is a porcine pancreatic
avitract comnbnricina vvariniice linacee (e A linace enlinace nhoenholinace A2 cholectaernl actarace)



Lipase activities in the compositions or oral dosage forms of the present invention can be about
4500-25,000 IU, for example about 4500-5500 1U, about 59000-11,000 IU, about 13,500-16,500111,
and about 18,000-22,000 IU. Amylase activities in the compositions or oral dosage forms of the
present invention can be about 8100-180,000 IU, for example about 8000-45,000 1U, about
17,000-90,000 IU, about 26,000-135,000 1U, about 35,000-180,000 IU. Protease activities in the
compositions or oral dosage forms of the present invention can be about 8000- 10134,000 IU, for
example about 8000-34,000 IU, 17,000-67,000 1U, 26,000-100,000 IU, 35,000-134,000 IU. In one
embodiment, the lipase activity ranges from about 4500-5500 1U, the amylase activity ranges from
about 8000-45,000 ECRRA RS o teXe R A ORI ST gL o BB BEGHS¥ G U. In another
embodiment, the lipsistsattetdtyndrigies from about 9000-11,000 IU, the amylase activity ranges from
15about 17,000-90,000 IU, and the protease activity ranges from about 17,000-67,000 1U. In yet

another embodimens the pase ActhboranEes iamaPAKLYEA0:1 3,0kl e amviase activity
ranges from about 26,000-135,000 U, and the _rotea??e activity ranges from about 26,000-100,000 IU.

[
In still another e?nb(?&‘f?ﬁ@ﬁ]ﬁ. ?ﬁ@fﬁﬁ’é@é‘%ﬁ%ﬁ? 3 Tl é%ﬁ?ﬁ%?ﬁ@ﬁ?ﬁ%ﬁu, the amylase
activity ranges fromealradal #835108W18d 900 |U, and the protease activity ranges from about
35,000-134,000 IU.  The ratios of lipase:protease:amylase in the compositions or oral dosage forms

of the present inventjon cgy. be I the rangs ofabaul.4-10.19.1a a0yt 10:1 k. gf,about 1.0:1.0:0.15

(based on enzyme activities). The ratio of amylase/lipase in the compositions or oral dosage forms of

the present inventicii“CRRRARIFP FER ABHCIE15% ¥/5°90 MR e RS -8 2, and about 2.0-8.2.
The ratio of prdfeaseflipiaesintbie brdpusitionss erwra toshgts. fmiyd et tiesyredenrinvention can
range from about 1 @oHidifamexan)pleaabeitilnOkndhandalnagt, 2.0 Lmagnedfiranother embodiment,

the activities of 'iPaéﬁb&fﬁée&ﬁ%i%gﬁmm%%@o@abe those described in Table A, below: 30 Table A
Formulation 1 2 3 4 Activity (LV) min max min max min max min max Lipase 4500 5500 9000

47. A dosage form comprising a tablef or capsule comprising the composition of

15 claim 1.

48.  The dosage form of claim 47, wherein said dosage form is a capsule filled

with the composition of claim 1.

20 49,  The dosage form of claim 48 comprising:
a capsule filled with z plurality of coated particles;
the coated particles comprise a core coated with an enteric coating;
the core comprises pancrelipase and at least one disintegrant; and
the enteric coating comprises at least one enteric polymer and 20-60% wt.% of
25 at least one alkaiinizing agent, based on the total weight of the coating;
wherein the coated particles have a moisture content of about 3% or less, and
the capsule has a moisture content of 4% or less.
50.  The dosage form of claim 4%, wherein the capsuie has a water content of about
2% or less.
30
51.  The dosage form of claim 48, wherein the capsule is comprised of a material
selected from the group consisting of a cellulosic polymer,

hydroxypropylmethylcellnlose, starch, a polysaccharide, puliulan, and gelatin.



11000 13500 16500 18000 22000 Amylase 8100 45000 17100 90000 26100 135000 35100 180000
Protease 8100 34000 17100 67000 26100 100000 35100 134000 Ratio min max min max min

max min

10

15

20

25

30

52.  The dosage form of claim 51, wherein the capsule comprises hydroxypropyl

methylceliuiose.

53, The dosage form of claim 49, wherein the capsuie comprises hydroxypropyl

methylcellulose.

54, A dosage form comprising a capsule filled with the composition of claim 16.

35.  The dosage form of claim 54, wherein the capsule has a water content of about

2% or less.

56.  The dosage form of claim 54, wherein the capsule is comprised of a material

selected from the group consisting of a cellulosic polymer,

hydroxypropylmethyleellulose, starch, a polysaccharide, pullulan, and gelatin,

57.  The dosage form of claim 56, wherein the capsule comprises hydroxypropyl

methylceliulose.

58. A dosage form comprising a capsule filled with the composition of claim 32.

59.  The dosage form of claim 58, wherein the capsule has a water content of less

than 2%.

60.  The dosage form of claim 58, wherein the capsule is comprised of a material

selected from the group consisting of a cellulosic polymer,

hydroxypropylmethyleellulose, starch, a polysaccharide, pullulan, and gelatin.

61.  The dosage form of claim 60 wherein the capsnle comprises hydroxypropyl

methylcellulose.

62.  The composition of claim 1, wherein the at least one digestive enzyme is

coated with a coating, and the coating comprises an enteric polymer.



max Amylase/Lipase 1.8 8.2 1.9 8.2 1.9 8.2 2.0 8.2 Protease/Lipase 1.86.21.96.11.96.12.06.1
The total amount of digestive enzymes (by weight) in the compositions or oral dosage forms of the
present invention can be about 20-100%, 20-90%, 20-80%, 20- 70%, 20-60%, 20-50%, 20-40%,
20-30%, or about 20%, about 30%, about 40%, 5 about 50%, about 60%, about 70%, about 80%,
about 90%, or-about 100%. In one embodiment, the total amount of digestive enzymes is 60-90%. In
another embodiment, the total amount of digestive enzymes (e.g., pancrelipase) is about 68- 72%. In
one embodiment, the compositions or oral dosage forms of the present 10 invention, comprising at
least one digestive enzyme, have a moisture content of about 3% or less, about 2.5% or less, about
2% or less, about 1.5%% orTé%%?rﬁ?"é‘B%Pfl‘a/’onﬂP?e?&‘iﬁ&l@%ﬁ?@%‘%ﬂ@ﬁ@%@’%ﬁﬂ"’éﬁ’ﬁ?anges
therebetween (i.e., any obaboutr2is88. to 3%, 2% to 3%, 1.5% to 3%, 1% to 3%, 2% to 2.5%, 1.5% to
2.5%, 1% to 2.5%, 1.5% to 2%, 1% to 2%, 1% to 1.5%, etc.). Compositions or oral dosage forms of the
present invention, mgg’r‘ntaiqgg at low .moig%ggl ggq}ggnt ve been found 19 tggg&baslﬁgntially more stable

L composition © erel m & ENLErLC POIVINGT and 1 g
compared to conventional compasitions maintained at higher moisture contents, e.g. above about 3%

or higher.  The tePHIIGISRIFEROR RS A Z6PERaH S 16 LS Wakr content”, means the amount of

water that a composition contains. For compositions which do not change 20volume with changing

moisture content, thgaMoistil 6.5RIRRE 686he @XRIessedMalemelicalyidb8:.y Mlurge) as the ratio of

the mass of moisture to the er V%',c@fﬁlc?sfetahc%a@%%ﬁ' Itcligyrdrco%n}p%s&tlnq&g @e% f:hange volume with

changing moisture c%rol%gr?tm the Moisture content.can be expressed gravi etrlggily (i.e., by weight) as

the mass of water retfBRI S BEBHETRGPEPITHIGS? Aqee Bree e RbMEhs8 Determination of
moisture contenp caphifelachieved iy anyofitiecbaveationalymethedsshallewn in the art. For example,
the moisture content can be determined by chemical titration, such as Karl Fischer titration, in which a

sample is dissolved jp an slgeliogieicat fitteron cel. WeleL I e sampigds,consumed in an
p

electrochemical reaction whose endpoint Is measured potentiometncally, thereby providing a direct
measure of the amotHPSFRREPAHIFEE e, Alternatively, relatively simple thermogravimetric
methods may be used such as "Loss on Drying" (LoD), in which the mass of a sample is measured

prior to, and aftgy cantrolled-Sdningiocbhe Jass &f Mmasmattandivng isatiribueddoriass of moisture.
Commercially availaple maistire analvzersi(e oy availahle, from Metter Toleda, Sarterius AG, etc.) can
also be used to determine moisturé contént. The moisture content of the compositions or oral dosage
forms of the presenfRRASHEB LR BL FHE R BT By h Sliften R FR S G RN in the art, for example
LoD. 10In another embudivrdntthdsondpusitionthiaedral dosage forms of the present invention,
comprising at least one digestive enzyme, have a water activity of about 0.6 or less, about 0.5 or less,

about 0,4 or lesg, agput 0}%&&'&%%%98%%@ J&%?eiz%é‘?o%ﬁé’f&n%'?&? Jaglysive of all ranges and
subranges therebetween (i.e., any of about 0.5 t0 0.6, 0.4 to 0.6, 0.3 to O.%, 0.2t00.6,0.1t0 0.6, 0.4 to

0.5, 0.3 t0 0.5, 0.2 tB4548i27 1

69.  The composition of claim 68, wherein the plasticizer is selected from the
group consisting of triacetin, tributyl citrate, tri-ethyl citrate, acetyl tri-n-butyl citrate,
25  diethyl phthalate, dibutyl sebacate, polyethylene glycol, polypropylene glycol, castor

oil, acetylated mono-glyceride, acetylated di-glyceride, and mixtures thereof,

70,  The composition of claim 16, further comprising the at least one digestive

enzyme coated with a coating, wherein the coating cornprises an enteric polymer.
30

1. The composition of claim 70, wherein the coating further comprises af least

one inorganic material.
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15t0 0.5, 0.3t00.4,0.2t0 0.4, 0.1 t0 0.4, 0.21t0 0.3, 0.1 t0 0.3, 0.1 to 0.2, etc.). Compositions or oral
dosage forms of the present invention, maintained at a low water activity, have been found to be
substantially more stable compared to conventional digestive enzyme compositions maintained at
higher water activity levels. Water activity, also referred to as "aw", is the relative availability of water in
a 20substance. As used herein, the term "water activity" is defined as the vapor pressure of water in a
sample divided by the vapor pressure of pure water at the same temperature. Pure distilled water has
a water activity of exactly one. Water activity is temperature dependent. That is, water activity changes
as the temperature changes. In the present invention, water activity is measured at a temperature
ranging from 25abolR0C Tatsrsaes, 9 reiarAbIy e Bb et roCisaetithaderganic The water activity
of a product can be fletermined:byineastisinithestetativecwmmiditysof the air surrounding the sample at
equilibrium. Accordingly, measurement of water activity in a sample is typically carried out in an
enclosed (usually in%ylate space Wherg his quuibriug’ﬂ can ta\ke1 lace. At egl%filibriklljm, the water
activity of the 30 sarfiple and TR SIATRE R dity OF e SiFarec AGUAI AR fRErfST"S measurement of
the equilibrium rélatBrevhaprssitp ERIyletetpd et thiitHec heinserprovigesleesasure of the water
activity of the samplghtibstdeasidtorgdiber enihtypésiat wates activity, ipsiramentgare commercially
available One type qfwater agiivityiDstumans.Lses, shillsdrpior.denpaint technology (e.g.,
AqualLabTM water activity meters available from Decagon Devices, Inc.) while others measure relative
humidity with sensors that change electrical resistance or capacitance (e.g., water activity meters
available from Rotrotic) The wamsssenofiyladrie Cernpdsitolizsbreiardasagefstins of the present 5
invention can b measigrie: hyaayirstiaiienmethod known in the art. In another embodiment, the
compositions or oral dosage forms of the present invention, comprising at least one stabilized
digestive enzyme, exhibit a loss of enz activity of ng mgre than about 25%, no more than about
20%, no more than égboutﬁg%fnﬁ%mfﬁ%lr%eg]ﬁﬁ%tﬁ .qu%?ilﬂ‘gc’f %%a%%zf@ A A Sg%fti‘g%fnno more than
about 108%, or no HBEECHREACEBEG S I afiersiionbntrs of neételertiteef stbifnaésting. The term
accelerated stabilityrtgskingh culiactaieraied Sianage testingssreisisdheskiieihods used to simulate
the effects of rglatively longsterm, siprade conditiens.gn enzyme activity, which can be carried outin a
relatively short time. Accelerated stability-testing methods are known in the art to be a reliable
alternative to real-time 15stability testing, and can accurately predict the shelf life of biological
products. Such "accéleratéd Sraptyereatimm contitsRdarsme e feeritand are in accordance
with the Internationala&weniterence for Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use: Stability Testing of New Drug Substances and Products Q1 A, herein
incorporated bé/erefgggnceIlilQ cits entirety. glog)n e r;%etho chtceIerateq S@%‘&X tLeesting comprises

0 t
. OMIpOSIion oi cia; erem(%helf aa Jﬁzer 15 selec L.
storing sampl€es of digestive enzyme composition in a sealed Nialene f’ny on, aluminium, polyethylene

laminate; GOGLIO SR chfsingsd FiatctocyryyhoitiaiaHuhiitn - frses ! onbry! #fEs storage (or
periodically during sterate)ithiee nivymisdetayoythe sagipldsciplbeytestgdcusngaeonventional
methods for assayipg figestive-SR-yme e activity-fet bRt drataiesBhatmacopoeia, Pancrelipase:
Assay for lipase activity; herein incorporated by reference in its entirety). = The compositions or oral
dosage forms of the present invention can also further comprise one or more stabilizers which
enhance or improvéithe JtsmmpetiRe EohipodtBiesosrabue s ferhacsirt resent invention.
Non-limiting exampleg30afagditalile siahiizergdinchedeatirg imepiisehal esesicdpoitasny, maltose, sucrose,
mannitol, polyols, silica gel, aminoguanidine, pyridoxamine, anhydrous metal salts, such as sodium
hydrogen carbonate magpesium oxide, calcium oxide, aluminium oxide and mixtures thereof. The one
or more stabilizers %’an r?{aq\l/eecgm °c§i§t°&‘ r%f%%ﬁl%?r%]t“é%é%%h? 9% o %&eﬁcﬁ&%ﬁsgs%%gg activity of 0.6 or
less. Non-limitifef éeagapfesagtglitable forms of trehalose which can be used in the compositions
or oral dosageforms of the present invention include trehalose 5 dihydrate (TD), amorphous trehalose
(AT), anhydrous tr%b.al05&4%%@519395@&%%9mmg%ﬁém%%é@mﬂmg@% crystalline
trehalose (ACT)). PO\tNd red an tdrougn.tc[e]tp {I)gls%rga -1%8%‘3!91- AAT and/or ACT. As used herein,
the term "trehalose™ teterstd rﬁﬁ%/ ﬁﬁ%lcalo orm of trefialose: Inc uding anhydrous, partially hydrated,
fully hydrated and mixtures and solutions thereof. The term "anhydrous 10trehalose"” refers to any
physical form of trehatose containing less than 2% water.The anhydrous forms of trehalose may
contain from 0-2% water. Amorphous trehalose contains about 2-9% water and trehalose dihydrate
contains about 9-10% water. Anhydrous trehalose can be prepared as described in PCT/GB97/00362,
herein incorporated by reference in its entirety. In one embodiment, the compositions or oral 15dosage
forms of the present invention comprise one or moresgtabilized digestive enzymes and anhydrous
trehalose. The amount of anhydrous trehalose (AAT or ACT) in the composition of the present
invention can be in the range of about 5-50%, 5-40%, 5-30%, 5-20%, 5-15%, 5-10%, 7-15%, or about
5%, about 7%, about 10%, about 15%, or about 20%.



20The anhydrous trehalose can be incorporated into the compositions or oral dosage forms of the
present invention as a powder. The particle size of the anhydrous trehalose powder can be in the
range of about 2-2000 pm. Compositions or oral dosage forms of the present invention comprising
one or more stabilized digestive enzymes and anhydrous trehalose confer improved enzyme
25stability. It is believed that the anhydrous trehalose stabilizes the compositions ororal dosage forms
of the present invention by absorbing or sequestering moisture from ambient humidity, or residual
moisture from manufacturing or within the formulation itself. Depending on the intended use and
requirement of the compositions, the 30weight ratio of the stabilized digestiveenzyme to the stabilizer
ranges from about 98'1 to 86- 25 PHHECRRASHIIR! t AR B HE SR BIR R A IR EBHiBBHTons or oral
dosage forms of the presensisipafioribysaaseisie dhhtian bidipatrienstreneystdbitieed digestive enzyme
with at least one stapiligiie| nyans@opadisasiizRRE:Qtdme K stahli zeg cigastive enzyme is dry
blended with one or mg@@}%ﬂ%&g@_p&&@ﬁm@%m%%b e. oL margstabilized digestive enzyme
is wet blended with one or more stabilizer. In addition to the stabilized digestive enzyme and/or
stabilizer(s), the %compositions or oral dosage forms of the present invention can further comprise one
or more pharmaceutiéally Becepedsitonxdigin(y), Thiscte ibn 2dsediptenisdriauiudesrother pharmaceutically
acceptable ingredierts:pa@esh odraiasiye-gomponent(s) of a composition (e.g., the stabilized
digestive enzymes) in order to improve processing, stability, palatability, etc. Non-limiting examples of
suitable excipients include 10pharmaceutically acceptable binders, stabilizers, disintegrants,
lubricants, glidants, Hiluent&® SHEPRITAN RS BTR flol yem iR A B S5 a8 4ol sA 688 skilled in the art
of pharmaceutidfl fohmgitatearsitiag af praeticidor dxeijsienisrpizap dumpsduhakipte flheions in the
composition. So, formexaniple albibei iy AdseiuncianasEa, diurint Heleoxldae excipients can have a
moisture content of %._Q&.éy;i;}r‘g%%r@ﬁ%S@&Q/ﬁ&@g@ﬁgggg@activity of about 0.6 or less. Non-limiting
examples of suitable binders include starches, sugars (e.g. lactose), sugar alcohols (e.g. xylitol,
sorbitol, maintop, cellulose (e.g. microcrystalline cellulose), modified celluloses (e.g.,
hydroxypropykellulo¥e, cartsosepmesitigicd]hfusedsublitn hadoieie crelthedotivirpinpyeeolidone (povidone),
and mixtures th@reofiabenre20limiting examples of suitable disintegrants include dibasic calcium
phosphate, dibasic calcium phosphate dihydrate, tribasic calcium phosphate, alginic acid,
hydroxypropylcellulgse, carboxymethylcellujose calcium, carboxymethylcellulose sodium, cross-linked
carboxymethylcellultise sOBRFTRIREHABIS H5R Séxgﬁgﬁlé&Fé’&ﬁ%‘f’?fé?ﬁﬁ%&d@%gﬁehyde-casein,
cellulose, croscarmétiygessodinaricrosgiovitdond (Ear, Psthrdsitiskepolviyypymstidone),
rnicrocrystalline celkitase paashsnipatacxymalpdiriareh: sochFLBiatehigl eotateastarches (corn
starch, rice stargh), and. e iherealdN an:limiting gyamples of suitable Jufricants include calcium
stearate, magnesium stearate, sodium stearyl fumarate, stearic acid, zinc stearate, talc, waxes,
Sterotexe, Stearowet(r), and mixtures thereof. Non-limiting examples of 30 suitable glidants include
colloidal silicon dioxitle, téiéoenae frmxnorasitereb o it aerekanplesoryitab diluents include
mannitol, sucrose, antsydrous dibasic calcium phosphate, anhydrous dibasic calcium phosphate
dihydrate, tribasic calcium phosphate, cellulose, lactose, magnesium carbonate, microcrystalline
cellulose, and rsnixtg7res t,@gr%of. N?n-lirr}itinl%%garg les o,fi%uitabl stabilizers incl:ilude trehalose,
proline, dextraf maltose, S0EPEES “FARNTHA SOy S R TS G LR Syt ZRIEHE Sy ridoxamine, and
mixtures thereof. In“dtidhe sepwaiient! eémidintegrant is crospovidone (e.g., POLYPLASDONE 5 XL,
POLYPLASDONE XL-10). In another embodiment, the disintegrant is croscarmellose sodium (e.g.,
AC-DI-SOL). In anggher %mgggzefaﬁn%%'@%?Qﬁa@&!&é&gm@@%@M&%&%A&&v EXPLOTAB,
EXPLOTAB CV). Ir&gno her embodiment, the compositions or oral dosage forms of the present
invention can (:ompr|§8r ¢ Eombination of disintegrants such as microcrystalline cellulose and 10
sodium starch3lycolate or croscarmellose sodium and crospovidone. The amount of disintegrant can
be in the range of avout @nydofab a3, dHerdf ¥, dSmlbhcddpriedos 1 %emdhio, 1%-10%,
1%-5%, 5%40%, 5%1‘33:@?{%%%5«3%90% oNALTASY: %ercéf@aQQgB%}:'ﬂe?ne embodiment, the amount of

disintegrant is about 2%-4%, or about 2%-3%, or abput 2.5%. 15Non-limjting examples of suitable
diluents include mi8¥8‘c€’ﬁ9@faﬂ¥ﬁ‘8°&“éfﬁtﬁ%‘§%%esi&?&%,aeaﬁéﬁ%fﬁ%ﬁ% P8 eS8 sucrose, mannitol,
sorbitol, and combinations thereof. In one embodiment, the diluent is rnicrocrystalline cellulose (e.g.
Avicel). In another embodiment, the diluent is starch. In another embodiment, the diluent is lactose
(e.g., Pharmatol). In another embodiment, the compositions or oral dosage 20forms of the present
invention can comprise a combination of diluents such as
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microcrystalline cellulose, starch and lactose. The amount of diluent can be in the range of about any
of about 0.1-99%, 1%- 30%, 1%-25%, 1%-20%, 1%-15%, 1%-10%, 1%-5%, 5%-10%, 5%-15%,
5%-20%, 5%-25%, or 5%-30%. In one embodiment, the amount of diluent is about 2%-5%, 25
3%-5%, or about 4%. One or more of the excipients of the compositions or oral dosage forms of the
present invention can function as a dessicant to further stabilized the composition. Suitable excipients
useful as desiccants include any pharmaceutically acceptable excipient that binds water tightly, or
reduces the water activity of a composition. For 30example, the composition of the present invention
can include about 1-38/0 _sil'#?a el, 0{ aboyt12.5f8’/8 sig%:algt |. The com ositihorg? of the Present invention
can be prepared in any sui abie ora ot%é)afjg%rn’]‘.)V Beﬁ-llr'?]ﬁ?ﬁaué’fg%%%% sﬁ}fygﬁgdosa\ge forms
include tablets, capstHéysel4RsPets. Since certain digestive enzymes, such as pancreatic lipases may
need to be protected against gastric inactivation prior to release in the duodenum, it is Smay be
desirable that the stahilizeg,digesive-ane¥me 60MRASHIARS.0LA aldosaes iormsefthe present
invention be pro%ide as a gicj)pttrg ed or delayed release formulation. Such controlled or delayed
release formulations an inérude tablets or particles coated with an enteric coating which serves to
protect pH-sensitive digestive enzymes from gastric inactivation, yet which releases the digestive
enzymes in the 10dwadenuna déskiesr nadivelylxine Canteliett refeasedormuiaiiansmeancinclude capsules
filled with the stabilizgd gigestive£nzyme compositions or oral dosage forms of the present invention,
whereby the capsule protects the contents against gastric inactivation, yet releases the digestive
enzymes in the duodenum. However, the stabilized digestive enzyme compositions or oral dosage
forms of the prédent?%5 ifverfiass spemisioehiteld soaiyas ety riassirsee prlsiatto gastric
inactivation, for exampieidesiaiiceigestie enzymdssibatoaneNaitrally shasle dr thdcgastric environment
such as gastric lipasgg .aJange QLRokases HnsuRlngithesapispancreatic origin and amylases.
Certain digestive enzymes derived or extracted from microorganisms that have an intrinsic stability, or
that have been chemically modified by cross-linking. 20When the compositions of the present
invention are formul&ted adt&pstse thel2sidBiliserdige SNl atd beseteiétted" (i.e., formed
into tablets) usiry methotisgkngwikditilpeoaiietaingl st bset entlycoateddyibiztan enteric coating, again
using methods known in the art. When the compositions of the present invention are formulated as
capsules, 25the conjents gf the capstl cap, b formulajed using methods kpown,n the art, For
example, the stabilizéd digestive énzyme cofnposﬁlon can be provide in the formt of particles or
tablets suited to incGPpBTEIH Trplscekipettes: clay pHisaginictialtitredonerkeabistitfsincludes fine
powders (having pattteterdiameters in the range of about 1 gm) up to pellets having a diameter of
about 5 mm. 3@f he stabilized digestive enzyme composition can also be formed into particles coated
with a coating, wher, in t coa |g§e gpc%plgﬁg’swﬁgmen%?rﬁ&gl rqser.o'{;hu ;[gi%é;gntenc polymer" means a
polymer that protecfts the |ggs(f|v enzymes’from gastric conten S, Tor example a polymer that is
stable at acidic pH, but can break down rapidly at higher pH or a polymer whose rate of hydration or
erosion is slow eno@gh tosgnskre thapdontactobdastrigeconteritsiwiththstdigestive: enzymes is
relatively minor whilg,itisin dhg-siamaghs BsQRPAses: o-iher eemaiadenlihe.aasttasintestinal Stract.
Non-limiting e mple%ﬂ egtggécdﬁg%%%ers ;Q%%ggttpoesa eéfno?lggpgp the art, such as modified or
unmodified natural f)rb ymeears suc elfulose acetate o fha af'e,' hydroxypropylmethylcellulose
phthalate, hydroxypropylmethylcellulose acetate succinate, and shellac; or synthetic polymers such as
acrylic polymers or @polyheerskaze tifaimylit’avigpnlihwrsandscpol ywaers] mettodmethacrylate
copolymers, and 1Qmgthacriicasidimeimimethacryiaie capalymress.d pladdte enteric polymer coating
can be a synthetic polymer, optionally including an inorganic material, such as an alkalinizing agent.
The resulting coated particles provide delayed release beads comprising a core which comprises the
stabilized dige¥iveEnzyrhis@3Ickia HrflaiméricdsainigedaispalipifgthETH e FPY coated 15stabilized
digestive enzyme pariicies caindbelsheefosnizatdittdntd sablats arigapsudesmbinatidnge enteric polymer
and the at least ong,iQrganic material impart enteric properties to the coating of the present invention.
That is, when used as a medication, the coating will act as a barrier protecting the medication from the
acidic environment of the stomach and substantially prevent the release of the medication before it
20reaches the smalfthtestineagiess thelsial@dsubernribs fruchitHeatbsavkerifedess than about 10-20% of
the total amount of enzyme in the composition). The inorganic material can include, for example,
an alkalinizing agent. Non-limiting examples of alkalinizing agents include silicon dioxide, sodium salts,
calcium salts, magnesium salts, aluminum salts, aluminum hydroxides, calcium hydroxides 25
magnesium hydroxides, talc, and combinations theregf. In one embodiment, the alkalinizing agent is
talc.



Depending on the intended use of the composition, the ratio of the enteric polymer and the at least one
inorganic material may be in a range of from about 10:1 to about 1:60 by weight. In another
embodiment, the ratio of the enteric polymer and 30the at least one inorganic material ranges from
about 8:1 to about 1: 50 by weight. In another embodiment, the ratio of the enteric polymer and the at
least one inorganic material ranges from about 6;1 to about 1:40 by weight. In another embodiment,
the ratio of the enteric polymer and the at least one inorganic material ranges from about 5:1 to about
1:30 by weight. In another embodiment, the ratio of the enteric polymer and the at least one inorganic
material ranges from about 4:1 to about 1:25 by weight. In another embodiment, the ratio of the enteric
polymer and the at least one inorganic 5material ranges from about 4:1 to about 1:9 by weight. In
another embodiment!®he réteclseherarisncaiotahem g thelaefeuston ety matematerial ranges
from about 10:4 to ahawicde:d by weighine dodizoRenernbadi et dbia teysiositions or oral dosage
forms of the present jnvenfion.comprise stakilized digestivg.enzyme particles coated with an enteric 10
coating comprising an enteric polymer and an inorganic material such as talc. In a particular
embodiment, the“inorganic material of the enteric coating comprises about 1-10% by weight of the
weight of the total weiht dfheagsuzictéslaim HHotterearis cinienrersam oryaiidriritestl comprises
about 3, about 5, abauhisofralaishsidide bynaeighieftheipaiticles] f:sdbrather embodiments, the
inorganic material is an 15alkalinizing agent and comprises about 20-60% of the dry coating weight. In
still other embodiments, the alkalinizing agent is about 25%, about 30% bo%t 35%, about 40%, about
45%, about 50%, or 5%0ut%§%%?%g?ﬁ}nc oLl e (e A aBrS PaRgessbranges, and
values therebetifeerspriisinparelieae fryodimentictrisl ARERNS i eiy evrt ¢mbieativpsstill another
particular embodimentydbe dry coating of 20the particles comprises about 35% talc. In another
embodiment of the present invention, the coating further comprises a plasticizer. Examples of suitable
plasticizers include, but are not limited to, triacetin, tr,ibut)g citrate, tri-etfyl citrate, acetyl tri-n-butyl
citrate, diethyl phthalSfe, dIBERIFEERSARER polyEIRTIERE GFCET doRproRTiIE e Ylycol, castor oil,
acetylated mono- 25glyceride, acetylated di-glyceride, and mixtures thereof. The dosage forms of
the present inventiongsan heneapsuias.contapinenthe campesiioniatihetpigsant invention (e.g.,
controlled-release paricles;of e stahilized digestive.en2ymesampesition «£oalsg.with an enteric

polymer and an allcalinizi %ag?nt). The capsules themselves can be comprised of any conventional

30 biodegradable mABFAKAGWN in the art, for example, gelatin, polysaccharides such as pullulan, or
modified cellulosic materials such as hydroxypropylmethylcellulose. In order to improve the stability of
the stabilized digestive.enzyhamsd tHiewafnst eroantie diiedipriesotoaftiingh oigastbapsule comprised of a
low moisture C%@te@n%%ﬁ@c%&’%mﬁ%%%iﬁ%ﬁ% embpdimentQlthe drsaagdgsm of the present

invention, the capsule Is ¢ rg;grgsed of hydroxypropylrnethylcellulose. In another embodiment of the
dosage form of the f)r}g%een invention, the capsule is comprised of hydroxypropylmethylcellulose
having a water content of about 6% or less, for 5 example about any of 4% or less, 2% or less, or

2-6%, or 4-6%. In anotheremhbodvhentthe papsule: isdomprsediatdytidiggpiepylmethylcellulose
having a water contgpt of less;than ahoul2 %emthe-Aesaes-lRumRs A theRie sentiRyantion can

comprise a sin%e d%gestiv%cen%yme, or mixtures of digestive enzymes. If the stabilized digestive

need thereof” . . . . . .
enzyme 10 commposition’is 1ormed into particles coated with an enteric coating, the coated particles can
each contain a core comprising a single digestive enzyme or mixtures of digestive enzymes. The
dosage form can alsoscomprisiend otiiedipastiglespgachisbndhichdasdoidighytithe same composition,

or it can comprise mxires ot giiierent nds flicalnd PSS OF SXAMRIehe desage form can be
a capsule filled with 1 coat%% , wherein each qf the coatej 1gartigltgg Q}gs a core comprising

article
pancrelipase. Alterna |vaéf§1/? & 3%3‘%&]91% Y EAn be %%dﬁ%ﬁfg et With coate  particles, wherein
some of the cotted particles have a core comprising pancrelipase, whereas other coated particles
have cores comprising a tiferenidigfasen Qo roteakasaficdmylasas oy chisalile gambination of
coated particles of diffgrernt Wﬂ@g%&&g@%&ﬁ@to provide the desired therapeutic effect.
In addition, when the dosage tforms of the present invention are comprised of coated particles of
stabilized digestive enzymes, the individual particles can each have the same coating composition, or
can include mixtures of particles, some of which have a different coating composition. Any suitable
combination of coating 25compositions can be used to provide the desired type of controlled release
or therapeutic effect. The core of the coated particles can have any suitable particle size or shape For
example, the coated particles can be in the form of a coated powder having a  patrticle size range of
about 50-5000 microns, or can be in the form of "mimiiabs” 30 which have a nominal particle diameter
in the range of about 2-5 mm. For other applications, the core of the coated particles can be
"microtabs" which have nominal particle diameters of less than about 2 mm, for example about 1-2
mm. In one embodiment, the compositions or oral dosage forms of the present



invention can comprise a plurality of coated digestive enzyme particles (e.g., pancrelipase). The
digestive enzyme particles can comprise a digestive enzyme, at least one disintegrant, at least one
polymeric binder or diluent, and optionally at least 5one plasticizer, optionally at least one glidant, and
optionally at least one lubricant. In one embodiment, the digestive enzyme particles can comprise
about 60-90% of digestive enzyme, about 1-4% of at least one disintegrant, about 2-6% of at least one
polymeric binder or diluent, and optionally about 0.5-1.0% of at least one plasticizer, optionally about
0.2-0.6% of at least one glidant, and optionally about 0.2-0.6% of at 10least one lubricant. For
example, the digestive enzyme particles can comprise about 60-90% pancrelipase, about 1-4% of
croscarmellose sodium, about 0.5-1.0% of hydrogenated castor oil, about 0.2-0.6% of colloidal silicon
dioxide, about @-6%6E Eﬁ&ﬁ{&psysi@wﬁsp@uwfas&am%a@@%%%ﬁ%f&e I&fa aamﬁ&gﬁ}o%&earate- The
coating can comprise ast.one enteric. r. about 4-10% qf at least one alkalinizing 15agent
(based on theg?cs)t ﬁ%ﬁéﬁ%ﬁ%ﬁé pea?ﬁlgéas E‘%r}lggé gaf)iﬁ?)]%gﬁ; at fer%?gtg on e%%nsﬁ%%nrsfi?ﬁ %%e embodiment,
the coating caHF EERPTIEShBGe16: 5095 SR least one enteric polymer, about 4-10% of a least one
alkalinizirfig agent, and about 1-2% of a least one plasticizer (based on the total weight of the particles).
For example, the coating.aan sbRliss, aberikeP imalbyudrexprapnathviceidosea phthalate,
20about 4 104,01 fale, 06 ABRKd:2 s AL ISV Citale Casad ondic lelalwelanL ol the partiles).
The plurality of%oateogdlgestlve enz%me pa tlcfes can then be ormealmto a tablet, or filled into a
capsule. In oﬁé%?ﬁ[bodiment, the capsule comprises hydroxypropylmethylcellulose. The compositions
of the present invention, and dosage forms comprising the 25 compositions of the present invention,

have immoveﬂ§tabmmmaq{@§hmgcp¢w@egiﬁmmgsﬂxa@ﬁﬁm@: (e.g.,_ pancrelipase)-_composit_io_ns
and dosage forms. GQRReGEb . A05RAR IS OIS AIESERLIMERIAN R ghfequire "overfiling”

(i.e., zero-overfill), as do conventional djgestive enzyme dosage forms, to déliver a clinically useful
amount of digeSAVEERNIRE fo A BAREA thiFead bR so bR At RS S zyme
compositionslesichrianergenionaerirbduirdnofeniting lavidsobficieyndudhreer888syi.e., 165% of the required
dose of digestive enzyme) to compensate for the poor enzyme stability. As a result, there is
uncertainty as,to the,glase deliyerar hy coventional digastiye, snayme.ARmRsitions, Thus,
conventional "overfilled" dosage forms can deliver higher than the intended dose of d%gestlve
enzymes shortly after manufacture, but over time, the enzyme activity can fall below the intended
dose. In one Hrhbodinarthed efdédndd2fahmgircbemerisipppflatleshmpoditisins ofaine Bpceseat invention are
substantially wgi@aweifilbt Hhenteinposubsiasdiadlyiz eraor il laneanseanmpositions of the present
invention in which the amount of additional digestive enzyme activity (i.e., the amount of additional
enzyme activity above the inlttended dose) is Jess tg n or equal tg about 10%, i.e., about 10%, less
than abBut 109, 1eS5TRERAYS? BEPAING? SBBRTESS 9 g"fh&n%’?’@ﬂﬂ%’to about 8%, less than or 10equal
to about 7%, less tieasiies rfisiistel alenst Boslitestivelagyres o qualnespliserieB9E, dewisthan or equal to
about 4%, lessitanraboaesiakie:ahpetnd %y, essviharn@iaqualttsapautRdd jessmthan ar equal to about
1%, or abou§ Q6,3 hofoLRXRAMMIE, 06, RIFRNST ARRE, 5 Ak 4a00: !k LiR35R, the substantially
zero-overfill dosage forms of the present invention may contain less than or equal to about 4950 ID
lipase (i.e., less 15than or equal to 110% of 4500 IU lipase). In another embodiment, the zero-overfill
dosageZform!ébntaifs 25004 of flgisél S, wherpie o AipRSSIGE RS BPHESHY AikeEMs ey neaBiets or capsules)
of the present invention can be stored in any suitable package. For example, the package can be a

glass or plasfig jar with.adREeadarkan Pressslil Glaske. S NatMENDE20- COmRQsitigns or dosage
forms of the resen%mventlon %an bf? E:ilcbéagedtas a yni dotsa e form, in "blister packs". Applicants
have found A BAY ST EERSIE O TR Gl e St e e ATy Th&E %18 OB sage forms can be
provided by providing a moisture-proof seal, and/or a moisture-proof package. Non-limiting examples
of suitadlle moisture-pracdipdekages nehdeigass this, Plastigiatigincorporating moisture 25barrier
resins or coatings, AUMINIZRGRISH AR She Avéxm BRGKRGING -61Gs hRAE 8HT) ARRISiLe-proof refers to a
package which has a‘ger?ﬁeablllt{ to water o Iet%s than about 0.5 mg water per.cm3 of container

a

volume per§ et ofa OAiREAE eglrm BBt LA AT IS SRH Ui nﬂ?l%?f’a% tém(?lg‘élﬁ?bef especially
closures whigh #higfivizeinaednigressrioh foitlicatitging sestagiclutdedarmlesaiseBOcompositions or
dosage forms of the present invention can be closed with a closure such as Saf-Cap IlI-A (Van
Blarcom Closures, Inc.), containing HS 035 Heat Seal/20F (SANCAP Liner Technology, Inc.) printed
as a sealing liner. In order to ensure package integrity and minimize moisture ingress during
storage, sealed packages containing the compositions or dosage forms of the present invention can
be leak-tested after dispensing the composition or dagage form of the present invention and sealing
the package. For example, the sealed packages can be 5 tested by applying a controlled vacuum to
the closure, and detecting the decrease in vacuum over time. Suitable leak-testing equipment includes
those manufactured by Bonfiglioli (e.g., model LF-01-PKV or model PKV 516). Packages containing
the compositions or dosage forms of the present invention can also contain a desiccant (i.e., a

substance which absorbs, reacts with, or 10 adsorbs water) capable of reducing the humidity inside
the nackane for evamnle 3 deciceant canciile canahle of "eecavenaina™ moictiire from the atmoenhere



In addition, it is common practice when packaging oral pharmaceutical unit doses to add a "plug” of a
cellulosic material, such as cotton, into the top of the container to fill the empty space at the top of the
container, thereby minimizing movement of the contents. Cellulosic materials are somewhat
hygroscopic, and can 20act as a "reservoir" of moisture inside the package. Accordingly, in one
embodiment of the packages of the present invention, no cellulosic or cotton "plug” is present in the
package. In another embodiment of the packages of the present invention, the packages lack a
cellulosic or cotton plug, and contain a desiccant. The compositions of the present invention can be
prepared using conventional 25 techniques, but modified as indicated herein to provide moisture
contents of abddt 3%8lomiethed wateirabyitkercoftbdntQiBrorduwsisesaproificks s talsiired digestive
enzyme compositions which exhibit a loss of activity of no more than about 15% after three months

accelerated stphiity I551iNg.foF SAAMTAISRAIAESALAOGAINE AURYNES (8 GuiBpRRGlipase) can be
coated in a fluidized bed coating apparatus e_qw%%;g with a 30 dehumidifier. In one embodiment, the

coating apparSfi¥ o BLTEEEE TRERCAFELEh B HARAY & AT IRt BPAB Mt 4 ghn3 or less, about
3.5 g/m3 ér less, about 3 g/m3 or less, about 2.5 g/m3 or less, about 2.0 g/m3 or less, about 1.5 g/m3
or less, abouti20 9/maarndessprpahedta-paitms@eiess, talpting: all ranges and subranges
therebetween The. atmasahere inwhich Hhecoating i cariss onlk G cemetiss.Aghppidified ai,
dehumidified n{;tro%en, or another dehumidified inert gas. The coating can be applied as a solution of
the enteric polyf&t*t&ind optionally a suspended inorganic material) in an organic solvent such as an
alcohol (e.g. 5ethanol), a ketone (e.g. acetone), methylene chloride, or mixtures thereof (e.g. mixtures
of acetone ethanol).A melita 60mpasitans:biiorqursentis entiagggrovide improved absorption of fats,
proteins, and garhohydralesdo:patishi, SRring.iEceliNigRa.n digrdatsAsepciateg with a
digestive enzyme deficiency. In one embodiment, compositions of 10 the invéntion, in particular
pancrelipase 8rrif355‘ncreatin compositions, may be used to treat exocrine pancreatic insufficiency (EPI)
associated with various diseases. Such diseases include, but are not limited to cystic fibrosis (Cr). In
some embodiments Asuahcaempasiianscinpyssishstantiallz, abeyiategnalabsorption (e.g. of fats)
associaieg wil LR usli.dRiosis Ralanis:And albarpalisildpkiding Beglalic.patients. In

15some embodiments, such compaositions may .increase the coefficient. of fat absorption (CFA) to at
least about 8585 BF ATBHY] iﬂf&%‘é}%ii})’%g%ﬁ’pagﬁgﬁfé'f’%’ﬁhéIﬁ)fraecé’ﬁfﬁgatﬁ%{/a}ﬂ "HERBYed when
co-administered with other agents or compositions, or may be achieved without co-administration with
other agents. 1lm oneresrbadismesit o stigh QG Fk, e sultemrraaahie kad witlipuiite administration of proton
pump inhibitogs sueh as 20 Prilosec(r), NexiumS, and the like. For patients identified as having low
Gl pH levels fe g., Gl pl11 levels < about 4), improved results may be obtained by administering the
compo,si%?ons or dosage forms of the present invention together with proton pump inhibitors, antacids,
and other drufS-whibie iesiegeneé grindf tnetg it AP rmeieiseapiprerciiedeippositions or 25dosage
forms of the present invention can be administered separately from the proton pump inhibitors,

antacid, or othgy dr%géoé@'é@% RN, CORNG R Ryt aifer Ry RiaH aligniahdhg proton pump
inhibitor, antacid, etc.). A erna}gxely, the proton pump inhibitor, antacid, or other drug can be combined
. compositioh of ¢ . . . .
with the pancreatin compo%'iﬁon of the present invention as a single dosage form. 30In yet another
embodifftent, the present invention provides a method of treating or preventing a disorder associated
with a digestive enzymetdaficientys eonpe pingadmmnmisiietng & eopmpastienrafihe present invention to
a mammal ingeeddherenf.40.6ne.6Red ek heimamnipgl S A umaa: iNxel aaether embodiment,
the present invention provides a method of treating or preventing a disorder associated with a
digestive enzyme deficiency 5 comprising administering a composition or dosage form of the present
invention to d4¥hamATemsthrsed thirdar: Witsrsifianeien ki suitiofibisiosage form of the present
inventiosocomprises, in addition to at least one digestive enzyme, a proton pump inhibitor, antacid, or
other medicagpent which.IRGI 6ASes: F1PkhelBislil Anathet RRRadiment, heREeaen jmention provides
a method of treating or preventing a 10 disorder associated with a digestive enzyme deficiency,
comprising administering a composition or dosage form of the present invention, in combination with a
dosage form @8mprisimgetes efsHiBulRp Thrttsrdarseipinorsth Be MedicanditwieriMcreases GI pH.
Disorders whichegatiche treated with the composition or dosage form of the 15 present invention
include conditions in which the patient has no or low levels of digestive enzymes or in which patients
require digestive enzyme supplementation. For example, such conditions can include cystic fibrosis,
chronic pancreatitis, other pancreatic diseases (e.g., hereditary, post-traumatic and allograft
pancreatitis, hemochromatosis, Shwachman syndromg, lipomatosis, or hypetparathyroidism), side-



20effects of cancer or cancer treatment, side-effects of surgery (e.g., gastrointestinal bypass surgery,
Whipple procedure, total pancreatectomy, etc.) or other conditions in which pancreatic enzymes
cannot reach the intestine, poor mixing (e.g., Billroth Il gastrectomy, other types of gastric by pass
surgery, gastrinoma, etc.) side effects of drug treatments such as treatment with metformin or those
drugs used to treat the 25 symptoms of HIV and autoimmune diseases such as diabetes in which the
pancreas may be compromised, obstruction (e.g., pancreatic and biliary duct lithiasis, pancreatic and
duodenal neoplasms, ductal stenosis), malabsorption associated with celiac disease, food allergies
and aging. The amount of the composition or dosage form of the present invention 30 administered
daily to mammals (e.g., humans) depends upon the intended result. The skilled physician will be
capable of présbribidbethethatpficbird@seasdarhthitidilgresisthf theffodmilitién dodptioreated. For
example, for the:tkeatment of digestivenenzyme insufficiency in humans (e.g., related to cystic fibrosis)
the starting dose should be 500 to 1000 lipase units/kg/meal, with the total dose not exceeding 2500
lipase units/kg/meal or 4000 lipase units/g fat/meal in accordance with the recommendations of the US
FDA. 5Typicali?: a pRfieiaist mefudaf amriesar ngees et serdisirh sharmving P fministered
with food. Exasfigies @ramithie! tor@antraip ade Py mimitathidiey.is a blend of pancrelipase raw
material (e.g., obtained from Nordmark) and excipients tabletted using round 2 mm diameter beveled
punches. The physical characteristics of the Pancrelipase MT before coating are shown below in Table
1. Table 1 Diameter 2.0 mm We ght (of 10 MT) 0.074--- 0.086g Thickness (mean value of 10 MT) 2.2
th 0.2 mm Hardness 0.5 --- 2.0Kp Friability* (20 g of MT-30 min at 25 rpm) 0.0 --- 2.5% 15*USP
method  Pancrelipase MT was coated with a coating formulation (Table 2) using a fluidized bed
Glatt-GPCG1 apparatus equipped with a Munters ML 1350 dehumidifier in the process airflow. The
coating process was carried out with process air at three different moisture contents (Table 3). For
each batch, the coating weight 20 was approximately 15% of the total weight of the coated particles.
The composition of the coated particles for each set a process conditions is approximately the same
(Table 4), and appeared uniform, smooth and homogeneous after microscopic examination. Table 2
Material % (w/w) Hypromellose Phthalate (HP55) 10.19 Triethyl citrate (TEC)

4p



1.02 Talc 1.02 Ethanol 96%79.78 Acetone7.99 100.00 Table 3 Lot Process Air Moisture Content
(Wm) P9A165 8.8 P9A167 0.4 P9A170 3.6 Table 4 Material Coating Composition % (w/w)
Pancrelipase MT 85.00 Hypromellose Phthalate (HP55) 12.50 Triethyl citrate (TEC) 1.25 Talc 1.25
100.00 5The three sets of samples (i.e., P9A165, P9A167, and P9A170) showed residual moisture
contents corresponding to the moisture content of the processing air flow (Table 4). Table 5

DETAILED DESCRIPTION OF THE INVENTION
One aspect of the present invention is directed to a stabilized digestive enzyme
composition. The term “stabilized digestive enzyme” means a digestive enzyme
which maintains substantial enzymatic activity after long-term storage. The term
“digestive enzyme” denotes an enzyme in the alimentary tract which breaks down the

components of food so that they can be taken or absorbed by the organism.

Non-limiting classes of digestive enzymes suitable for use in the present
invention include lipages, amylases and proteases. Non-limiting examples of
digestive enzymes include pancrelipase (also referred to as pancreatin), lipase, co-
lipase, trypsin, chymotrypsin, chymotrypsin B, pancreatopeptidase, carboxypeptidase
A, carboxypeptidase B, glycerol ester hydrolase, phospholipase, sterol ester
hydrolase, elastase, kininogenase, ribonuclease, deoxyribonuclease, a-amylase,
papain, chymopapain, glutenase, bromelain, ficin, B-amylase, cethilase, f-

Galactosidase, lactase, sucrase, isomaltase, and mixtures thereof,

In one embodiment of the present invention, the stabilized digestive enzyme is
a pancreatic enzyme. The term “pancreatic enzyme” as used herein refers to any one
of the enzyme types present in the pancreatic secretion, such as amylase, lipase,
protease, or mixtures thereof, or any extractive of pancreatic origin having enzymatic
activity, such as pancreatin. The pancreatic enzyme can be obtained through
extraction from the pancreas, produced artificially, or obtained from sources other

than the pancreas, such as from microbes, plants or other animal tissues.

In another embodiment of the present invention, the stabilized digestive
enzyme ig pencrelipase. The terms "pancrelipase” or "pancreatin denote a mixture of

several types of enzymes, including amylase, lipase, and projease enzymes.

4q



Lot Loss on Drying (%) P9A165 2.8 P9A167 1.1 P9A170 1.7 10The influence of residual moisture on
the loss of activity over time was evaluated under accelerated stability conditions as follows:  Hard
gelatin capsules (dosage 20,000 IU Lipase) were filled with the three lots of coated Pancrelipase MT
minitablets described above and stored at 40C at 75% relative humidity in sealed Nialene bags.

Lipase activity was evaluated after 15 days and 4 months of storage. The results are shown in Table 6.
Table 6 Time zero 15 days 4 months Batch LoD Lipase (IU/ing) P9A165 (2.8%) 62.5 46 (-26%

activity) 33.6 (46% activity) P9A167 (1.1%) 64.5
Pancrelipase is commercially available, for example from Nordmark Arzneimittel

GmbH, or Scientific Protein Laboratories LLC.

In one embodiment of the compositions of the present inveniion, the stabilized
digestive enzyme comprises a lipase. The term “lipase" refers t0 an enzyme that

5 catalyzes the hydrolysis of lipids to glycerol and simple fatty acids,

Examples of lipases suitable for the present invention include, but are not
limited to animal lipase (e.g., porcine lipase), bacterial lipase (e.g., Pseudomonas
lipase and/or Burkholderia lipase), funga! lipase, plant lipase, recombinant lipase
(e.g., produced via recombinant DNA technology by a suitable host cell, selected

10 from any one of bacteria, veast, fungi, plant, insect or mammalian host celis in
culture, or recombinant lipases which include an amino acid sequence that is
homologous or substantially identical to a naturally occwrring sequence, lipases
encoded by a nucleic acid that is homologous or substantially identical to a naturally
ocecurting lipase-encoding nucleic acid, ete.), chemically-moedified lipase, or mixtures

15  thereof

In another embodiment of the compositions of the present invention, the
stabilized digestive enzyme comprises an amylase. The term "amylase" refers 1o
glycoside hydrolase enzymes that break down starch, for example a-amylases, B-

amylases, y-amylases, acid a-glucosidases, salivary amylases such as ptyalin, efc.

20 The amylases suitable for use in the compositions of the present invention
include, but are not limited to animal amylases, bacterial amylases, fungal amylases
(e.g., Aspergillus amylase and, preferably, is Aspergillus oryzae amylase), plant
amylases, recombinant amylases {(e.g., produced via recombinant DNA technology by
a suitable host cell, selected from any one of bacteria, yeast, fungi, plant, insect or

25  mammalian host cells in culture, or recombinant amylases which include an amino
acid sequence that is homologous or substantially identical to a naturalty oceurring
sequence, amylases encoded by a nucleic acid that is homologous or substantially
identical to a naturally occurring amylase-encoding nucleic acid, etc.), chemically
modified amylases, or mixtures thereof.

30 In another embodiment of the compositions of the present invention, the

stabilized digestive enzyme comprises a protease. The term "protease” refers

generally to enzymes (e.g., proteinases, peptidases, or proteolytic enzymes) that break



53 (-18% activity) 46.2 (-28% activity) P9A170 (1.7%) 63.8 53 (-17% activity) 44.8 (-30% activity) The
results of Table 6 show that improved stability is provided by 5 compositions having a moisture
content of less than about 2%. Alternatively, improved stability is provided by coating under an
atmosphere with a moisture content of less than 3.6 g/m3 to 0.4 g/m3. Example 2 10Pancrelipase MT
particles were coated with two coating compositions containing different amounts of talc (Table 7).
Table 7 Composition % (w/w) Material Low talc content High talc content Hypromellose Phthalate
(HP55) 10.190 5.825 Triethyl citrate (TEC) 1.020 0.580 Talc 1.020 5.825 Ethanol 96% 79.780 79.780

Acetone 7.990 7.990 100.000 100.000

peptide bonds between amino acids of proteins. Proteases are generally identified by
their catalytic type, e.g., asparlic acid peptidases, cysteine (thiol) peptidases,
metallopeptidases, serine peptidases, threonine peptidases, alkaline or semi-alkaline

proteases, neutral and peptidases of unknown catalytic mechanism.

5 Non-limiting examples of proteases suitable for use in the compositions or
oral dosage forms of the present invention include serine proteases, threonine
proteases, cysteine proieases, agpartic acid proteases (e.g., plasmepsin)
metalioproteases, glutamic acid proteases, etc. in addition, proteases suitable for use
in the compositions or oral dosage forms of the present invention include, but are not

16 limited to animal proteases, bacterial proteases, fungal proteases (e.g., an Aspergillus
melleus protease), plant proteases, recombinant proteases (e.g., produced via
recombinant DINA technology by a suitable host cell, selected from any one of
bacteria, yeast, fungi, plant, insect or mammalian host cells in culture, or recombinant
proteases which include an amino acid sequence that is homologous or substantially

15 identical to a paturally ocourring sequence, proteéses encoded by a nucleic acid that is
homologous or substantially identical to a naturally occurring protease-encoding

nucleic acid, etc.), chemically modified proteases, or mixtures thereof.

The compositions or oral dosage forms of the present invention can comprise
one or more lipases (i.e., one lipase, or two or more lpases), one or more amylases
20 (ie., one amylase, or two or more amylases), one or more proteases (i.e., one
protease, or two or more proteases), mixtures of one or more lipases with one or more
amylases, mixtures of one or more lipases with one or more proteases, mixtures of

one or more amylases with one or more proteases, or mixtures of one or more lipases

with one or more amylases and one or more proteases.

25 Ir: one embodiment, the digestive enzyme is a porcine pancreatic extract
comprising various lipases (e.g., lipase, colipase, phospholipase A2, cholesterol
esterase), proteases {(e.g., irypsin, chymotrypsin, carboxypeptidase A and B, elastase,
kininogenase, trypsin inhibitor), amylases, and optionally nucleases (ribonuciease,
deoxyribonuclease). In another embodiment, the digestive enzyme is substaniially

30  similar to human pancreatic fluid. In yet another embodiment, the digestive enzyme
is pancrelipase USP. In still another embodiment, the digestive enzyme is
pancrelipase ESP having a lipase activity of 69-120 U USP/mg, amylase activity of



HP:TEC:Talc ratio 10:1:1 10:1:10 Total solid content 12.23% 12.23%  Coating trials were carried out
using a fluidized bed Glatt-GPCG1 apparatus 15 equipped with a Munters ML 1350 dehumidifier in
order to assure process air flow at a low moisture content (i.e., lower than 1 g/m3). Coating weights
were approximately 15%. The theoretical composition of the two batches is reported in Table 8.
Microscopic examination indicated that the coatings on all samples were smooth and homogeneous.
Residual moisture contents were measured by loss on drying (Table 9). Table 8 Batch P9A230 _
P9A240 Material Low talc content High talc content Composition % (w/w) Pancrelipase MT 85.000

85.000 Hypromellose Phthalate (HP55) 12.500 7.143 Triethyl citrate (TEC) 1.250 0.714 Talc 1.250
7.143 100.000 100.@Gater than or equal to 216 U USP/mg, protease activity of greater than or equal to

10

15

20

25

30

264 U USP/myg, and total protease activity of greater than or equal to 264 U USP/mg.

Lipase activities in the compositions or oral dosage forms of the present
invention can be about 4500-25,000 IU, for example about 4500-5500 1UJ, abont
%000-11,000 TU, about 13,500-16,500 I, and about 18,000-22,000 TU. Amylase
aciivities in the compositions or oral dosage forms of the present invention can be
about §100-180,000 IU, for example about 8000-45,000 IU, about 17,000-90,000 IU,
about 26.000-135,000 U, about 35,000-180,000 1U. Protease activities in the
compositions or oral dosage forms of the present invention can be about 8000-
134,000 U, for example about 8000-34,000 TU, 17,000-67,000 1U, 26,000-100,000
10, 35,000-134,000 IU. In one embodiment, the lipase activity ranges from about
4500-5500 IU, the amyvlase activity ranges from about 8000-45,000 IU, and the
protease activity ranges from about 8000-34,000 IU. In another embodiment, the
lipase activity ranges from about 9000-11,000 IU, the amylase activity ranges from
about 17,000-90,000 TU, and the protease activity ranges from about 17,000-67,000
IU. In yet another embodiment, the lipase activity ranges from about 13,500-16,500
IU, the amylase activity ranges from about 26,000-135,000 U, and the proiease
activity ranges from about 26,000-100,000 TU. In still another embodiment, the lipase
activity ranges from about 18,000-22,000 IU, the amylase activity ranges from about
35,000-180,000 IU, and the protease activity ranges from about 35,000-134,000 IC.

The ratios of lipase:protease:amylase in the compositions or oral dosage forms
of the present invention can be in the range of about 1:10:10 to about 10:1:1, or about
1.0:1.0:0.15 (based on enzyme activities). The ratio of amylase/lipase in the
compositions or oral dosage forms of the present invention can range from about 1 8-
8.2, for example about 1.9-8.2, and about 2.0-8.2. The ratio of protease/lipase in the
compositions or oral-dosage forms of the present invention can range from about 1.8~

6.2, for example about 1.9-6.1, and about 2.0-6.1.

In another embodiment, the activities of lipase, protease, and amylase can be

those described in Table A, below:

Table A

Formulation 1 2 3 4

Activity JU)  |min [ max |min |max | min | max min | max




Table 9 Lot Loss on Drying (%) P9A230 0.9 P9A2400.9 5 The effects of the different coating
compositions on the loss of activity over time were evaluated under accelerated stability conditions as
follows: Hard gelatin capsules (dosage 20,000 IU Lipase) were filled with the two lots  of coated
Pancrelipase MT described above, and stored at 40C and 75% relative 10humidity in sealed Nialene
bags. Lipase activity was checked after 1, 2 and 3 months of storage as shown in Table 9. Table
10 Time zeroj 1 month2 months3 months Batch Lipase (IU/mg) P9A230 Low talc content 64.5 57.6 (4
1% activity) 49.6 (-23% activity) 52.3 (-19% activity) P9A240 High talc content 65.3 58.2 (-11%

activity) 60.62 (-7% a%‘t_ivity) 59.6 (-9£§oggpti%/’§ia/0) o AEHEQ reﬂ\sultﬁi sh]r%\évﬂ%d i@ﬁéot e loss LOf activity after
Biihder = o P iti S a LoV
three months of storag¥hder 15actebratdbctalliy CEpUSEE I Sl MPlowltb: samples

: : 1ylase
coated with a high 5= 8100 | 34000 | 17100 | 67000 | 26100 | 100000 | 35100 | 134000

Ratio min | max | min max. | min max min max
Amylase/Lipase 1.8 8.2 1.9 8.2 1.9 8.2 2.0 8.2
Proicase/Lipase | 1.8 6.2 1.9 6.1 1.9 6.1 2.0 6.1

The total amount of digestive enzymes (by weight) in the compositions or oral
dosage forms of the present invention can be about 20-100%, 20-90%, 20-80%, 20-
T0%, 20-60%, 20-50%, 20-40%, 20-30%, or about 20%, about 30%%, about 40%,
5  about 50%, about 60%, about 70%, about 80%, about 90%, or about 100%. It one
embodiment, the total amount of digestive enzymes is 60-90%. In another
embodiment, the total amount of digestive enzymes (e.g., pancrelipass) is about 68-

72%.

In one embodiment, the compositions or oral dosage forms of the present

10 invention, comprising at least one digestive enzyme, have a moisture content of about
3% or less, about 2.5% or less, about 2% or less, about 1.5% or less, or about 1% or
less, inclusive of all ranges and subranges therebetween (i.e., any of about 2.5% to
3%, 2% to 3%, 1.5% to 3%, 1% to 3%, 2% to 2.5%, 1.5% to 2.5%, 1% to 2.5%, 1.5%
to 2%, 1% to 2%, 1% to 1.5%, etc.). Compositions or oral dosage forms of the

" 15 present invention, maintained at low moisture content, have been found to be

substantially more stable compared to conventional compositions maintained at

higher moisture contents, e.g. above about 3% or higher,

The term “moisture content”, also referred to as “water content”, means the

amount of water that a composition contains. For compositions which do not change

20 volume with changing moisture content, the moisture conient can be expressed
volumetrically (i.e., by volume) as the ratic of the mass of moisture to the dry volume
of the material. For compositions that change volume with changing moeisture
content, the moisture content can be expressed gravimetrically (i.e., by weight) as the
mass of water removed upon drying per unit dry mass of the specimen.

25  Determination of moisture content can be achieved by any of the conventional
methods known in the art. For example, the moisture content can be determined by
chemical titration, such as Kar] Fischer titration, in which a sample is dissolved in an

electrochemical titration cell. Water from the sample is consumed in an



talc content coating (Lot P9A240). Accordingly, increasing the talc concentration from approximately
1% to approximately 7% results in significant improvements in enzyme stability. Example 3 5The
effects of coating composition solvent was evaluated by preparing "high talc" and "low talc" coating
compositions similar to those described in table 6, except that the ethanol (96% ethanol, 4%
water)/acetone solvent was replaced with 100% acetone (Table Il). Table 11 Composition % (w/w)
Material Low talc content High talc content Hypromellose Phthalate (HP55) 10.190 5.825 Triethyl
citrate (TEC) 1.020 0.580 Talc 1.020 5.825 Acetone 87.770 87.770 100.000 100.000 HP:TEC:Talc
ratio 10:1:1 10:1:10 Total solid content 12.23% 12.23% 10 The coating trials were carried out using a

fluidized bed Glatt-GPE PSR ra e Ly R AR R RO Rt P YT iYtier in order to
assure process air flowriding iclivesh oisture dontemugovartanticgimdy. Gbatirgreights were
approximately 15%.-dihe-¢hagretical-compasiioneiihe dwprbatchesisseparediin hpTable 12.

(LoD}, in which the mass of & sample is measured prior to, and after controiled

§  drying. The loss of mass afier drying is atiributed to loss of moisture. Commercially

available moisture analyzers {€.g., available from Mettler Toledo, Sartorius AG, etc.}

can also be used to determine moisture content. The moisture content of the

compositions or oral dosage forms of the present invention can be measured by any

suitable method known in the art, for example LoD.

0 In another embodiment, the compositions or oral dosage forms of the present
invention, comprising at least one digestive enzyme, have a water activity of about 0.6
or less, about 0.5 or less, about 0.4 or less, about 0.3 or less, about 0.2 or less, or about
0.1 or less, inclusive of all ranges and subranges therebetwees (ie., any of about 0.3
t0 0.6, 0.4 10 0.6,0.3 10 0.6,02100.6,0.1t0 0.6,0.4 10 0.5,03 10 05,02 16 0.5, 0.1

15 1005 031004,021004,0.1100.4,02100.3,0.11t00.3,0.1100.2, ete.).
Compositions or oral dosage forms of the present invention, maintained at a low water
activity, have been found to be substantially more stable compared to conventional

digestive enzyme compositions maintained at higher water activity levels,

Water activity, also referred to as “aw”, is the relative availability of water in a
20  substance. As used herein, the term “water activity” is defined as the vapor pressure
of water in a sample divided by the vapor pressure of pure water at the same
temperature. Pure distilled water has a water activity of exactly one. Water activity is
temperature dependent. That is, water activity changes as the temperature changes.
In the present invention, water activity is measured at a temperature ranging from

25 about (°C to about 50°C, preferably from about 10°C to about 40°C,

The water activity of a product can be determined by measuring the relative
humidity of the air surrounding the sample at equilibrinm. Accordingly, measurement
of water activity in a sample is typically carried out in an enclosed (usually insuiated)
space where this equilibrium can take place. At equilibrium, the water activity of the

30 sample and the refative humidity of the air are equal, and therefore a measurement of
the equilibrium relative humidity (ERH) of the air in the chamber provides a measure
of the water activity of the sample. At least two different types of water activity

instruments are commercially available. One type of water activity instruments uses



Table 12 Batch P9A3 18 Low talc content P9A352 High talc content Material Composition 85.000 %
(w/w) 85.000 Pancrelipase MT Hypromellose Phthalate (HP55) 12.500 7.143 Triethyl citrate (TEC)
1.250 0.714 Talc 1.250 7.143 100.000 100.000 Lot P9A318 complied with commercial product
specifications, but Lot P9A352 did not pass a gastro-resistance test. Microscopic examination showed
that 20 the film coating of Lot P9A352 was not as smooth and homogeneous as other coated
samples, probably because of the higher evaporation rate of acetone compared with the
ethanol/acetone mixture used in previous samples, and the high talc concentration in the coating.

Lot P9A318 was then evaluated under accelerated stability conditions as 5follows: Hard gelatin

capsules (dosage 20%00e%BiEH A3 e RS B led ot dBrdoratca et it angssayelaive humidity in
sealed Nialene bags fibip @sengtiivitjcasabm easicingdrafiessd: 2-andeunohiheiof siesageatas shown in
Table 13. change electrical resistance or capacitance (e.g., water activity meters available from

Rotronic). The water activity of the compositions or oral dosage forms of the present

5 invention can be measured by any suitable method known in the art,

In another embodiment, the compositions or oral dosage forms of the present
invention, comprising af least one stabilized digestive enzyme, exhibit a loss of
enzyme activity of no more than about 25%, no more than gbout 20%, no more than

" about 15%, no more than about 12%, no more than about 10%, no more than about

10 8%, or no more than about 5%, after six months of accelerated stability testing,

The term “accelerated stability testing” or “accelerated storage tesfing” refers
to test metnods used to simulate the effects of relatively long-term storage conditions
on enzyme activity, which can be carried out in a relatively short time. Accelerated
stability testing methods are known in the art io be a reliable aliernative to real-time

15 stability testing, and can accurately predict the shelf life of biological products. Such
"accelerated stability testing" conditions are known in the art and are in accordance
with the International Conference for Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use: Stability Testing of New Drug

Substances and Products Q1 A, herein incorporated by reference in its entirety,

20 One method of accelerated stability testing comprises storing samples of
digestive enzyme composition in a sealed Nialene (nylon, aluminium, polyethylene

laminate; GOGLIO SpA, Milan) bag at 40°C/75% relative humidity for ¢ months.

After storage (or periodically during storage) the enzyme activity of the
samples can be tested using conventional methods for assaying digestive enzyme
25  activity (e.g., United States Pharmacopoeia, Pancrelipase: Assay for lipase activity;

herein incorporated by reference in its entirety).

The compositions or oral dosage forms of the present invention can also
further comprise one or more stabilizers which enhance or improve the stability of the
compositions or oral dosage forms of the present invention. Non-limiting examples

30 of suitable stabilizers include proline, trehalose, dextran, maltose, sucrose, mannitol,
polyols, silica gel, aminoguanidine, pyridoxamine, anhydrous metal salts, such as

sodium hydrogen carbonate magnesium oxide, calcium oxide, aluminium oxide and

10



Table 13 Time zero 1 month 2 months 3 months Batch Lipase (IU/mg) P9A318 Low talc content 63.6
59.5 (-6% activity) 60.4 (-5% activity) 55.4 (-13% activity) 10  The stability of Lot P9A318 is
significantly improved compared to the stability of Lot P9A230, which was prepared with a similar
coating under similar coating conditions (Table 14). It therefore appears that replacement of 96%
ethanol with acetone in the coating formulation provides a significantly lower loss of enzyme 15activity
over time. Table 14 Accelerated stability at 40C+75% R.1l. 1 month 2 months 3 months Lot
HP:TEC:Talc Talc content Solvent Lipase (loss of activity) P9A230 10:1:1 Low EthanohAcetone -11%

_2204 -190 . . . -
23% -19% P9A240 mixtures thereof. The one or more stabilizers can have a moisture content of about

3% or less and/or a water activity of 0.6 or less.

Non-limiting exampies of suitable forms of trehalose which can be used in the
compositions or oral dosage forms of the present invention include trehalose
5  dihydrate (TD), amorphous trehaloge (AT), anhydrous trehalose {e.g. anhydrous
amorphous trehalose (AAT), anhydrous crystalline trehalose (ACT)). Powdered
anhydrous trehalose may contain any AAT and/or ACT. As used herein, the terin
"trehalose” refers to any physical form of trehalose, inchuding anhydrous, partially
hydrated, fully hydrated and mixtures and solutions thereof. The term "anhydrous
10 trehalose” refers to any physical form of trehalose containing less than 2% water. The
anhydrous forms of trehalose may contain from 0-2% water. Ameorphous trehalose
contains about 2-9% water and trehalose dihydrate contains about 9-10% water.
Anhydrous trehalose can be prepared as described in PCT/GB97/00367, herein
ircorporated by reference in its entirety. In one embodiment, the compositions or oral
15 dosage forms of the present invention comprise one or more stabilized digestive

enzymes and anhydrous trehalose.

The amount of anhydrous trehalose (AAT or ACT) in the composition of the
present invention can be in the range of about 5-50%, 5.40%, 5-30%, 5-20%, 5-15%,
5-10%, 7-15%, or about 5%, about 7%, about 10%, about 15%, or about 20%.

20 The anhydrous trehalose can be incorporated into the compositions or oral
dosage forms of the present invention as a powder, The particle size of the anhydrous

trehalose powder can be in the range of about 2-2000 pm.

Compositions or oral dosage forms of the present invention comprising one or
more stabilized digestive enzymes and anhydrous trehalose confer improved enzyme
25  stability. It is believed that the anhydrous trehalose stabilizes the compositions or oral
dosage forms of the present invention by absorbing or sequestering moisture from
ambient humidity, or residual moisture from manufacturing or within the formuiation

itself,

Depending on the intended use and requirement of the compositions, the
30  weight ratio of the stabilized digestive enzyme to the stabilizer ranges from about
99:1 to 80:20. The stabilizer can be incorporated into the compositions or oral dosage

forms of the present invention by wet or dry blending at least one stabilized digestive

11



10:1:10 High EthanohAceto e -11% -7% -9% P9A318 10:1:1 Low Acetone -6% -5% -13% Example 4
CPS gelatin and HPMC (hydroxypropylmethylcellulose) capsules were filled 20with identical coated
lipase compositions. The water content of gelatin capsules is approximately 14%, and the water
content of HPMC capsules is approximately 4%. In addition one set of HPMC capsules was dried to a
moisture level of less than 2%. All samples were subjected to accelerated stability conditions (40C and
75% relative humidity; samples heat-sealed in Nialene bags, and lipase activity was tested after 15,
530 and 90 days, The results are shown below in Tables 15-17. 1) HPMC CPS vs GELATIN CPS
TABLE 15 LOT P200450287 LOSS OF LIPASE ACTIVITY% TIME CPS GELATIN CPS HPMC (not
dried) 15 days - 12 S=E95EgHE ons ptalizes onereapspdimpnt, one or more stabilized

digestive enzyme is dry blended with one or more stabilizer. In another embodiment,

one or more stabilized digestive enzyme is wet blended with one or more stabilizer.

In addition to the stabilized digestive enzyme and/or stabilizer(s), the
5 compositions or oral dosage forms of the present invention can further comprise one
or more pharmaceutically acceptable excipients. The term "excipients” includes other
pharmaceutically acceptable ingredients added to the active component(s) of 2
composition {e.g., the stabilized digestive enzymes) in order to improve processing,
stability, palatability, etc. Non-limiting examples of suitable excipients include
10 pharmaceutically acceptable binders, stabilizers, disintegrants, lubricants, glidants,
diluents, and mixtures thereof etc. It will be appreciated by those skilled in the art of
pharmaceutical formulations that a particular excipient may carry out multiple
functions in the composition. So, for example a binder may also function as 2 dilvent,

ete. The excipients can have a moisture content of about 3% or less and/or a water
15 activity of about 0.6 or less.

Non-Hmiting exampies of suitable binders include starches, sugars (e.g.
lactose), sugar alcohols {e.g. xylitol, sorbitol, maliitol), cellulose (e.g. microcrystalline
cetlulose), modified celluloses {e.g., hydroxypropyleeilulose, carboxymethyleellulose
sodiumy), alginic acid, polyvinyl pyrrolidone (povidone), and mixtires thereof. Non-

20  limiting examples of suitable disintegrants include dibasic calcivm phosphate, dibasic
calcium phosphate dihydrate, tribasic caleinm phosphate, alginic acid,
bydroxypropyleeltulose, carboxymethyicellulose caleium, carboxymethylceliulose
sodinm, cross-linked carboxymethylcelluiose sodium, swellable ion exchange resins,
alginates, formaldehyde-casein, cellulose, croscarmellose sodium, crospovidone {e.g.,

25 cross-inked polyvinyl pyrrolidone), microcrystallice cellutose, sodivm
carboxymethy! starch, sodium starch glycolate, starches (com starch, rice starch}, and
mixtures thereof. Non-limiting examples of suitable lubricants include calcium
stearate, magnesium stearate, sodium steary} fumarate, stearic acid, zinc stearate, talc,
waxes, Sterotex®, Stearowet®, and mixtures thereof. Non-limiting examples of

30  suitable glidants include colloidal silicon dioxide, tale, and mixtures thereof. Non-
limiting examples of suitable diluents include mannitol, sucrose, anhydrous dibasic
calcium phosphate, achydrous dibasic calcium phosphate diliydrate, tribasic calcium

phosphate, cellulose, lactose, magnesium carbonate, microcrystailine cellulose, and

12



LOT P200450653 LOSS OF LIPASE % TIME GELATINE CPS 1-1IPMC CPS(not dried) 30 days -14
-8 90 days -32 -18 As shown in Tables 15-17, lipase compositions in HPMC capsules show
significantly higher lipase activity after storage for 15, 30, and 90 days under accelerated stability
conditions and dried HPMC capsules offer better stability than 15those which contain equilibrium
moisture levels. Example 5 Gelatin and hydroxypropylmethylcellulose capsules were filled with
coated lipase compositions Minitablet form. The coating for the compositions of the gelatin capsules
(P200050) contained approximately 10% talc, whereas the coating for the compositions of the
hydroxypropyhnethylcellulose capsules (P200550) contained Sapproximately 33% talc. The coating
compositions were ofAERTTS & a8 R EFHEMFOTIBTAY of AP e abiissa fad i o  of degradation
observed after storagectingl draeceatetatedustadsiliproopiditdns wwitlhatbd, mwoistraidontent of the

compositions. As shoutuifaklerk8akigeemiesels of lipase activity correlate with lower levels of
moisture in the composition. In addition, compositions filled in HPMC capsules are 10more stable than

compositions filled in to gelafiff capetieet fagiis e M o Né MyelEo EPAYTIMSRBYEI0 C/ 75% RH
months 40 C/ 75% R¥L.BeichiG.ASDONEILB-10). In another embodiment, the disintegrant is

croscarmellose sodium (e.g., AC-DI-S0L}. In another embodiment, the disintegrant

is sodium starch glycolate (e.g., EXPLOTAB, EXPLOTAB CV). In another

embodiment, the compositions or oral dosage forms of the present invention can

comprise a combination of disintegrants such as microcrysialline cellulose and

10 sodium starch glycolate or croscarmellose sodium and crospovidone.

The amount of disintegrant can be in the range of about any of about 0.1-30%,
1%-30%, 1%6-25%, 1%-20%, 1%-15%, 1%-10%, 1%-5%, 5%-10%, 5%-15%, 5%-
20%, 5%-25%, or 5%6-30%. In one embodiment, the amount of disintegrant is about

2%-4%, or about 2%-3%, or about 2.5%.

15 Non-limiting exampies of suifable diluents include microcrystalline cellulose,
starch, calcium phosphate, lactose, sucrose, mannitol, sorbitol, and combinations
thereof. In one embodiment, the diluent is microcrystalline cellulose (2.g. Avicel). In
another embodiment, the diluent is starch, In apother embodiment, the diluent is
lactose (e.g., Pharmatol}. In another embodiment, the compositions or oral dosage

20 forms of the present invention can comprise a combination of diluents such as

microcrystalline cellulose, starch and lactose.

The amount of diluent can be in the range of about any of about 0.1-99%, 1%-
30%, 1%-25%, 1%-20%, 1%-15%, 1%-10%, 1%-5%, 5%-10%, 5%-15%, 5%-20%,
5%-25%, or 5%-30%. In one embodiment, the amount of difuent is about 2%-5%,

25 3%-5%, or about 4%.

One or more of the excipients of the compositions or oral dosage formus of the
present invention can function as a dessicant to further stabilized the composition.
Suitable excipients useful as desiccants inchide any pharmaceutically acceptable
excipient that binds water tightly, or reduces the water activity of a composition. For

30  example, the composition of the present invention can include about 1-4% silica gel,

or about 2.5% silica gel.

13
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The compositions of the preseat invention can be prepared in any suitable oral
dosage form. Non-limiting examples of suitable dosage forms include tablets,
capsules or sachets. Since certain digestive enzymes, such as pancreatic lipases may
need to be protected against gastric inactivation prior to release in the duodenum, it is
may be destrable that the stabilized digestive enzyme compositions or oral dosage
forms of the present invention be provided as a controlled or delayed release
formulation. Such controlled or delayed release formulations can include tablets or
particles coated with an enteric coating which serves o protect pH-sensitive digesfive
enzymes from gastric inactivation, yet which releases the digestive enzymes in the
duodenum. Alternatively, the controlied release formulations can include capsules
filled with the stabilized digestive enzyme compositions or oral dosage forms of the
present invention, whereby the capsule protects the contents against gastric
inactivation, yet releases the digestive enzymes in the duodenum. However, the
stabilized digestive enzyme compositions or oral dosage forms of the present
invention are not limited to digestive enzyrnes susceptible to gastric inactivation, for
example certain digestive enzymes that are naturally stable in the gastric environment
such as gastric lipases, & range or profeases, including those of pancreatic origin and
amylases. Certain digestive enzymes derived or extracted from microorganisms thai

have an intrinsic stability, or that have been chemically modified by cross-linking.

When the compositions of the present invention are formulated as tablets, the
stabilized digestive enzyme(s) can be "tabletted" (i.e., formed into tablets) using
methods known in the arl, and subsequently coated with an enteric coaling, again
using methods known in the art.

When the compositions of the present invention are formulated as capsules,
the contents of the capsule can be formulated using methods known in the art. For
example, the stabilized digestive enzyme composition can be provided in the form of

particles or tablets suited to incorporation in a capsule.

The term "particles" as used herein includes fine powders (having particle

diameters in the range of about 1 pm) up to pellets having a diameter of about 5 numn.

The stabilized digestive enzyime composition can alsc be formed into pariicles
coated with a coating, wherein the coating comprises an enteric polymer. The term

“gpieric polymer” mezans a polymer that protects the digestive enzymes from gastric

14
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contents, for example a polymer that is stable at acidic pH, but can break down
rapidly at higher pH or a polymer whose rate of hydration or erosion is slow enough
to ensure that contact of gastric contents with the digestive enzymes is relatively
minor while it is in the stomach, as opposed to the remainder of the gastro-intestinal
tract. Non-limiting examples of enteric polymers include those lnown in the art, such
as modified or unmodified natural polymers such as cellulose acetate phthalate,
hydroxypropybmethylcelluloge phthalate, hydroxypropylmethylcellulose acetate
succinate, and shellac; or synthetic polymers such as acrylic polymers or copelymers
methacrylic acid polymers and copolymers, methylmethacrylate copolymers, and
methacrylic acid/methylmethacrylate copelymers,

The enteric polymer coafing can be 2 synthetic polymer, optionally ncluding
an inorganic material, such as an alkalinizing agent. The resulting coated particles
provide delayed release beads comprising a core which comprises the stabilized
digestive enzyme(s) and an enteric coating encapsulating the core. The coated

stabilized digestive enzyme particles can then be formulated into tablets or capsules.

The enteric polymer and the at least one inorganic material impart enteric
properties to the coating of the present invention. That 1s, when used as a medication,
the coating will act as a barrier protecting the medication from the acidic environment
of the stomach and substantially prevent the release of the medication before it
reaches the small intestine (i.e., the release of enzyme in the stomach is less than

about 10-20% of the total amount of enzyme in the composition).

The inorganic material can include, for example, an alkalinizing agent. Non-
limiting examples of alkalinizing agents include silicon dioxide, sodivm salts, calcium
salts, magnesivm salts, aliminum salts, alominum hydroxides, calcium hydroxides
magnesium hydroxides, {alc, and combinations thereof. In one emnbodiment, the
alkalinizing agent is talc.

Depending on the intended use of the composition, the ratio of the enteric
polymer and the at least one inorganic material may be ir a range of from abouz 10:1
to about 1:60 by weight, In another embodiment, the ratio of the enteric pelymer and
the at least one inorganic material ranges from about 8:1 to about 1: 50 by weight. In
another embodiment, the ratio of the enteric polymer and the at least one inorganic

material ranges from about 6:1 to about 1:40 by weight. In another embodiment, the

15



2.3 2.0 P200550 859 100103 103971.10.71.91.3 Average 100 100102991.21.61.91.7
Gelatin % ac ivity LOD % months 40 C/ 75% RH months 40 C/ 75% RH

ratio of the enteric polyteer and the at least one inorganic material ranges from about

5:1 to about 1:30 by weight. In another embodiment, the ratio of the enteric polymer

and the at least one inorganic material ranges from about 4:1 to about 1:25 by weight,

In another embodiment, the ratio of the enteric polymer and the at least one inorganic
5  material ranges from about 4:1 to about 1:9 by weight. In another embodiment, the

ratio of the enteric polymer and the at least one inorganic material ranges from about
10:4 to about 10:7 by weight.

in one embodiment, the compositions or oral dosage forms of the present

inveniion comprise stabilized digestive enzyme particles coated with an enteric

10 coating comprising an enteric polyrner and an inorganic material such as tale. Ina
partticular embodiment, the inorganic material of the enteric coating comprises about
1-10% by weight of the weight of the total weight of the particles. In another
embodiment the inorganic material comprises about 3, about 3, about 7, or about 10%
by weight of the particles. In still other embodiments, the inorganic material is an

15 alkalinizing agent and comprises about 20-60% of the dry coating weight. In still
other embodiments, the allkalinizing agent is about 25%, about 30%, about 35%, about
40%, about 45%, about 50%, or about 55% of the dry coating weight (inclusive of all
ranges, subranges, and values therebetween). In a particular embodiment, the
atkaiinizing agent is tale. In still another particular embodiment, the dry coating of

20  the particles comprises about 35% talc.

In another embodiment of the present invention, the coating further comprises
a plasticizer. Examples of suitable plasticizers include, but are not lirited to triacetin,
tributyl citrate, tri-ethyl citrate, acetyl tri-n-buty! citrate, diethyl phthalate, dibutyl
sebacate, polyethylene glycol, polypropylene glycol, castor oil, acetylated mono-

25 glyceride, acetylated di-glyceride, and mixtures thereof.

The dosage forms of the present invention can be capsules containing the
composition of the present invention (e.g., controlled-release particles of the
stabilized digestive enzyme composition, coated with an enteric polymer and an
allcalinizing agent). The capsules themselves can be comprised of any conventional

30  biodegradable material known in the art, for example, gelatin, polysaccharides such as
pullulan, or modified cellulosic materials such as hydroxypropyimethylcellulose. In
order to improve the stability of the stabilized digestive enzymes, the capsule can be

dried prior to filling, or a capsule comprised of a low moisture content material can be

16
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selected. In one ermbodiment of the dosage form of the present invention, the capsule
is comprised of hydroxypropylmethyleeilulose. In another embodiment of the dosage
form of the present invention, the capsule is comprised of
hydroxypropylmethylcellulose having a water content of about 6% or less, for

5  example about any of 4% or less, 2% or less, or 2-6%, or 4-6%. In another
embodiment, the capsule is comprised of hydroxypropylmethylcelluiose having a

water content of less than about 2%.

The dosage forms of the present invention can comprise a single digestive

enzyme, or mixtures of digestive enzymes. If the stabilized digestive enzyme

13 composition is formed into particles coated with an enteric coating, the coated
particles can each contain a core comprising 2 single digestive enzyme or mixtures of
digestive enzymes. The dosage form can also comprise coated particles, each of
which has nominally the same composition, or if can comprise mixtures of different
kinds of coated particles. For example the dosage form can be a capsule filled with

15 coated particles, wherein each of the coated particles has 2 core comprising
pancrelipase. Alternatively, the dosage form can be a capsule filled with coated
particles, wherein some of the coated particles have a core comprising pancrelipase,
whereas other coated particles have cores comprising a different lipase, or proteases
or amylases. Any suitable combination of coated particles of different compositions

20  can be used to provide the desired therapeutic effect.

In addition, when the dosage forms of the present invention are comprised of
coated particles of stabilized digestive enzymes, the individual particles can each have
the same coating composition, or can include mixtures of particles, some of which
have a different coating composition. Any suitable combination of coating

25  compositiops can be used to provide the desired type of controlled reiease or

therapeutic effect.

The core of the coated particles can have any suitable particle size or shape.
For example, the coated particies can be in the form of 2 coated powder having a
particle size range of about 50—-5000 microns, or can be in the form of "minitabs"
30 which have a nominal particle diameter in the range of about 2-5 mm. For other
applications, the core of the coated particies can be "microtabs" which bave nominal

particle diameters of less than about 2 mm, for example about 1-2 mm.

17



Averagel10092.586773.03.33.22.9 15 Example 6 The effects of storing capsules containing lipase
compositions in packages containing a desiccant were evaluated by measuring lipase activity in the
samples after 30 and 90 days of storage under accelerated stability conditions (40C and 75% relative
humidity; samples heat-sealed in Nialene bags). As shown in Tables 19 and 20, lipase activity is
significantly higher in packages containing a desiccant and in capsules that are dried below their
equilibrium moisture content. 2) DESICCANTS 5Desiccant 1: silica gel in Tyvek(r) bags Desiccant 2:
molecular sieves in Tyvelc(r) bags TABLE 19 LOSS OF LIPASE % TIME P200450614 in HPMC cps

(dried) no desiccant P200450614in HPMC cps(dried) desiccant 1 P200450614in HPMC cps(dried)
desiccant 2 30 days -1 +4 BPEEEERAmIY s eommesREC oref ¢ygee BB ASE ST IME P200450653in

HPMC cpsno invention can comprise a plurality of coated digesiive enzyme particles (e.g.,
pancrelipase). The digestive enzyme pariicies can comprise a digestive enzyme, at
least one disintegrant, at least one pelymeric binder or diluent, and optionally at least

5 one plasticizer, optionally at least one glidant, and optionally at least one lubricant. In
one embodiment, the digestive enzyme particies can coroprise about 60-90% of
digestive enzyme, about 1-4% of at ieast one disintegrant, about 2-6% of at least one
polymeric binder or diluent, and optionalty about 0.5-1.0% of at least one plasticizer,
optionally about 0.2-0.6% of at least one glidant, and optionally about 0.2-0.6% of at

10 least one lubricant. For example, the digestive enzyme particles can comprise about
60-20% pancrelipase, about 1-4% of croscarmellose sodium, about 0,5-1.0% of
hydrogenated castor oil, about 0.2-0.6% of colioidal silicon dioxide, about 2-6% of
microcrystalline celiulose, and about 0.2-0.6% of magnesium siearate. The coating
can comprise at least one enteric polymer, about 4-10% of at least one alkalinizing

15 apent (based on the total weight of the particles), and optionalty at least one
plasticizer. In one embodiment, the coating can comprise about 10-20% of a least one
enteric polymer, about 4-10% of a least one alkalinizing agent, and about 1-2% of a
least one plasticizer (based on the total weight of the particles). For example, the
coating can comprise about 16-20% of hydroxypropylmethyleellulose phthalate,

20  about 4-10% of taic, and about 1-2% of triethyl citrate (based on the total weight of
the particles). The plurality of coated digestive enzyme particles can then be formed
into & tablet, or filled into & capsule. In one embodiment, the capsule comprises

hydroxypropylmethylcellulose.

The compositions of the present invention, and dosage forms comprising the

25  compositions of the present invention, have improved stability compared to
conventional digestive enzyme (e.g., pancrelipase)-compasitions and dosage forms.
Consequently, the dosage forms of the present invention do noet require “overfilling™
{i.e., zero-overfill}, as do conventional digestive enzyme dosage forms, to deliver a
clinically useful amount of digestive enzyme to & patient in need thereof.

30 Conventional digestive enzyme compositions and dosage forms require overfilling
levels of as much as 65% (i.e., 163% of the required dose of digestive enzyme} to
compensate for the poor enzyme stability. As aresult, there is uncertainty as to the

dose delivered by conventional digestive enzyme compositions. Thus, conventional
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desiccant P200450653 in HPMC cps desiccant 1 P200450653 in HPMC cps desiccant 2 30 days -8 -8
-590 days -18 -14 -10 10 Example 7  Pancrelipase MT patrticles were coated with two coating
compositions having a level of talc intermediate between the 'low" and "high" levels employed above
(HP55:1EC:Talc=10:1:5), using either acetone or a mixture of ethanol/acetone as the coating solvent.
The theoretical composition of the two coating suspensions shown in 15Table 21, below. Table 21
Composition Vo (w/w) Material Intermediate talc content Hypromellose Phthalate (HP55) 7.644 7.644
Triethyl citrate (TEC) 0.764 0.764 Talc 3.822 3.822 Ethanol 79.780 Acetone 7.990 87.770

“overfilled” dosage forms can deliver higher than the intended dose of digestive

enzymes shortly after manufacture, but over time, the enzyme activity can fall below
the intended dose.

In one embodiment, the dosage forms comprising the compositions of the
5 present invention are substantially zero-overfill. The term “substantially zero-
overfill” means compositions of the present invention in which the amount of
additional digestive enzyme activity (i.e., the amount of additional enzyme activity
above the intended dose) is less than or equal to about 10%, i.e., about 10%, less than
about 10%, less than or equel to about 9%, less than or equal to about 8%, iess than or
10 equal to about 7%, less than or equal to sbout 6%, less than or equal to about 5%, less
than or equal to about 4%, less than or equal to about 3%, less than or equal to about
2%, less than or equal to about 1%, or about 0%. So, for example, if the intended
dose is about 4300 I lipase, the substantially zero-overfiil dosage forms of the
present invention may contain less than or equal to about 4950 I lipase (i.e., less
15 than or equal to 110% of 4500 IU lipase). In another embodiment, the zero-overfill

dosage form contains 4500 IU lipase.

The compositions or dosage forms (e.g., tablets or capsules) of the present

invention can be stored in any suitable package. For example, the package can be a
glass or plastic jar with a threaded or press-fit closure. Alternatively, the

20 compositions or dosage forms of the present invention can be packaged as a unit
dosage form in “blister packs”. Applicants kave found that improved stability of the
digestive enzyme compositions or dosage forms can be provided by providing a
moigture-proof seal, and/or 2 moisture-proof package. Non-limiting examples of
suitable moistare-proof packages include giass jars, plastic jars incorporating moisture

23 barrier resins or coatings, aluminized plastic (e.g., Mylar) packaging, etc. The term
"moisture-proof” refers to a package which has a permeability to water of less than

about 0.5 mg water per cm3 of container volume per year.

Containers (e.g., boftles} can be closed with any suitable closure, especially
closures which minimize the ingress of moisture during storage. For example, the
30  compositions or dosage forms of the present invention can be closed with a closure
such as Saf-Cap III-A (Van Blarcom Closures, Inc.), containing HS 035 Heat
Seal/20F (SANCAP Liner Technology, Inc.) printed as a sealing liner.
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100.000 100.000 HP:TEC:Talc ratio 10:1:5 10:1:5 Total solid content 12.23% 12.23% The coating
trials were carried out using a fluidized bed Glatt-GPCGI apparatus equipped with a Munters ML 1350
dehumidifier in order to assure process air flow at a low moisture content (lower than | g/m3). 5The
batches were prepared by coating the Pancrelipase MT at a coating weight of approximately 15%.
Three batches were prepared with an ethanol/acetone coating solvent and three batches were
prepared with an acetone coating solvent. The theoretical composition, which was the same for all six
batches, is shown below in Table 22. 10 Table 22 Batch P9A483 - P9A485 - P9A486 Ethanol /Acetone
as solvent P9A405 - P9A476 -POA4T7 Acetone as solvent Material Comost on % (w/w) Pancrelipase

MT 85.00 85.00 Hypromelfo@aepiRiHisHatd I iies 8Y8 8y izt Yr a1 &y pe04 0.94 Talc 4.69
4.69 100.00 100.00storage, sealed packages containing the compositions or dosage forms of the present

invention can be leak-tested after dispensing the composition or dosage form of the
present invention and sealing the package. For example, the sealed packages can be
5 - tested by applying a controiled vacuum to the closure, and detecting the decrease in

vacuum over time. Suitable leak-testing equipment includes those manufactured by

Bonfiglioli (e.g., model LF-01-PKV or model PRV 516},

Packages containing the compositions or dosage formns of the present
invention can also conizin a desiccant (i.e., a substance which absoibs, reacts with, or
10 adsorbs water) capable of reducing the humidity inside the package, for example a
desiccant capsuie, capable of "scavenging" moisture from the atmosphere sealed
ingide the packege. Non-limiting examples of suitable degsicants which can be placed
inside such packages include zeolites (e.g., molecular sieves such as 4A molecular
sieves), clay (e.g., montmorillonite clay), silica gel, activated carbon, or combinations

15  thereof. In one embodiment, the desiccant comprises molecular sieves.

In addition, it is common practice when packaging oral pharmaceutical unit
doses to add a “plug" of a cellulosic material, such as cotion, into the top of the
container to fili the empty space at the top of the container, thereby minimizing
movement of the contents. Cellulosic materials are somewhat hygroscopic, and can

20 actas a "reservoir" of moisture inside the package. Accordingly, in one embodiment
of the packages of the present invention, no cellulosic or cotton "plug" is present in
the package. In another embodiment of the packages of the present invention, the

packages lack a cellulosic or cotton plug, and contain a desiccant.

The compositions of the present invention can be prepared vsing conventional
25  techniques, but modified as indicated herein to provide moisture contents of about 3%;
or less, water activities of about 0.6 or less, or provide stabilized digestive enzyme
compositions which exhibit a loss of activity of no more than about 15% after three
months accelerated stability testing. For example, particles of digestive enzymes
{e.g., pancrelipase) can be cozted in a fluidized bed coating apparatus equipped with a
30  dehumidifier. In one embodiment, the coating apparatus is operated in an atmosphere
having a water content of about 4 g/m’ or less, about 3.5 g/im® or less, about 3 g/m® or
less, about 2.5 g/’ or less, about 2.0 g/m® or less, about 1.5 g/m” or less, about 1.0

g/m® or less, or about 0.5 g/m® or less, including all ranges and subranges
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Microscopic examination of the coating for all six samples appeared smooth and homogeneous. The
coated Pancrelipase MT patrticles were then filled into HPMC capsules and packaged in glass bottles
containing desiccants (molecular sieves), The 15bottles were then sealed, stored under accelerated
stability conditions and lipase activity was evaluated at various time periods as indicated below in
Table 23.  The packaging conditions for each sample was as follows. Twelve HPMC capsules
(dosage 20,000 IU Lipase) and Ig of molecular sieves (Minipax sorbentMultisorb) as desiccant were
put in a 30 mL capacity glass bottle. The bottles were 20closed with Saf-Cap ET-A, containing 118 035

Heat Seall20F print % ga seall Ilner %‘ nd store 40C/75§A) RH Table 23 Accelerated stability at
40C+75% Bit 0 days 20 ays&:?O ayad grfé%%laays S FSHG VTR HRYE lot Solvent

P9A483 Ethanol) ACG@@ﬂ@@ﬁﬁ%@flﬁUW?ﬁ@j nitrogen, or another dehumidified inert gas.

The coating can be applied as a solution of the enteric polymer (and optionaliy
a suspended inorganic material) in an organic solvent such as an alechol (e.g.
5  ethanol), a ketone (e.g. acetone), methylene chioride, or mixtures thereof (e.g.

mixtures of acetone ethanol).

The composiiions of the present invention provide improved absorpiion of
fats, proteins, and carbohydrates in patients suffering from conditions or disorders
associated with a digestive enzyme deficiency. In one embodiment, compositions of

10 the invention, in particuiar pancrelipase or pancreatin compositions, may be used to
treat exocrine pancreatic insufficiency (EPI) associated with various diseases. Such
diseases include, but are not limited to cystic fibrosis {CF). In some embodiments,
such compositions may substantially alleviate malabsorption {e.g. of fats) associated
with BEPI in ocystic fibrosis patients and other patients, including pediatric patients. In

15 some embodiments, such compositions may increase the coefficient of fat absorption
{CFA} to at least about 85% or more in cystic fibrosis patients, Such results may be
achieved when co-administered with other agents or compositions, or may be
achieved without co-administration with other agents. In one embodiment, such CFA
results are achieved without co-adminisiration of proton pump inhibitors such as

20 Prilosec®, Nexium®, and the lilce.

For patients identified as having low GI pH levels (e.g., G pH levels < about

4), improved resuits may be obtained by administering the compositions or dosage
forms of the present invention together with proton pump inhibitors, antacids, and
other drugs whick increase the pH of the GI tract. For example, the compositions or

25 dosage forms of the present invention can be administered separately from the proton
pump inhibitors, antacid, or other drugs (either prior to, concurrently with, or after
adrinistration of the proton pump inhibitor, antacid, etc.}. Alternatively, the proton
pump inhibitor, antacid, or other drug can be combined with the pancreatin

coraposition of the present invention as a single dosage form.

30 In yet another embodiment, the present invention provides a method of

treating or preventing a disorder associated with a digestive enzyme deficiency
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69.067.072.462.6 64.7adadad % LCD 1.00.50.20.20.6nd ad ad Lipase (loss of activity) -3%
5% -9% -6% ad ad ad P9A485 Ethanot)Acetone Lipase U USP/mg 70 0 73.2 65.7

comprising administering a composition of the present invention to 2 mammal in need

thereof In one embodiment, the mammal is a human.

In yet another embodiment, the present invention provides a method of
reating or preventing a disorder associated with a digestive enzyme deficiency
5  comprising administering a composition or dosage form of the present invention to 2
mammal in need thereof, wherein the composition or dosage form of the present
invention COmﬁrises, in addition to at least one digestive eﬁﬁyme, a proton pumnp-
inhibitor, antacid, or other medicament which increases GI pH. In still another
embodiment, the present invention provides 2 method of treating or preventing a
10 disorder associated with a digestive enzyme deficiency, comprising administering a
composition or dosage form of the present invention, in combination with a dosage

form comprising a proton pump inhibitor, antacid, or other medicament which
increases GI pH.

Disorders which can be treated with the composition or dosage form of the

15  present invention include conditions in which the patient has no or low levels of
digestive enzymes or in which patients require digestive enzyme supplementation.
For example, such conditions can include cystic fibrosis, chronic pancreatitis, other
pancreatic diseases (e.g., hereditary, post-traumatic and allograft pancreatitis,
hemochromatosis, Shwachman syndrome, lipomatosis, or hyperparathyroidism), side-

20 effects of cancer or cancer treatment, side-effects of surgery (e.g., gastroinsestinal
bypass surgery, Whipple procedure, total pancreatectomy, efc.) or other conditions in
which pancreatic enzymes cannot reach the infestine, poor mixing (e.g., Biliroth I
gastrectomy, other types of gastric by pass surgery, gasirinoma, etc.) side effects of
drug treatments such as treatment with metformin or those drugs used to treat the

25  symptoms of HIV and autoiromune diseases such as diabetes in which the pancreas
may be compromised, obstruction. (e.g., pancreatic and biliary duct lithiasis,
pancreatic and duodenal neoplasms, ductal stenosis), malabsorption associated with

celiac disease, food allergies and aging.

The amount of the composition or desage form of the present invention
30  administered daily to mammals (e.g., humans) depends upon the intended result. The
skilled physician will be capable of prescribing the required dose based on his

diagnosis of the condition to be treated.
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69.866.9adadad % LCD 1.10.6 0.30.6 0.6 ad rid rid Lipase (loss of activity) 5% -6% 0% -4% ad
ad ad P9A486 Ethanol\Acetone Lipase U USP/mg 630 61.4 59.7 62 61.5 ad

For example, for the treatment of digestive enzyme insufficiency in humans
(e.g., related to cystic fibrosis) the starting dose should be 500 10 1000 lipase
units/kg/meal, with the total dose not exceeding 2500 lipase units/kg/meal or 4000
lipase units/g fat/meal in accordance with the recommendations of the US FIDA,

5 Typically, a patient should receive at least 4 dosage forms per day, preferably

sdministered with food.

Examples

Example 1
10 Panerelipase MT (minitablets) is a blend of pancrelipase raw material (e.g.,
obtained from Nordmark) and excipients tabletted using round 2 mm diameter

beveled punches. The physical characteristics of the Pancrelipase MT befors coating

are shown betow m Table 1.

Table 1
Diameter 2.0 mm
Weight (of 10 MT) 0.074 — 0,086 g
Thickness {(mean value of 10 MT) 2.240.2 mm
Hardness 0.5 - 2.0Kp
Friability* (20 g of MT-30 min at 25 rpm) 0.0 - 2.5%
15 ISP method

Pancrelipase MT was coated with a coating formulation (Table 2) using 2
fluidized bed Glatt-GPCG! apparatus equipped with a Munters ML 1356 -
dehumidifier in the process airflow. The coating process was carried out with process
air at three different moisture contents (Table 3). For each batch, the coating weight

20 was approximaiely 15% of the total weight of the coated particies. The composition
of the coated particles for each set a process conditions is approximately the same

" (Table 4}, and appeared uniform, smooth and homogeneous afier microscopic

examination.
Table 2
Material % (wiw)
Hypromellose Phthalate (HP55) 10.18
Triethyl citrate (TEC) 1.02
Talc 1.02
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adad % LOD 1.6 0.2% 0.6% 0.5% 0.4% ad nd ad Lipase (loss of activity) -3% -5% -2% -2% ad ad
ad P9A405 Acetone Lipase U USP/mg 640 63.2 62.9 65.1 65.5 64.7 66.7 63.1

Ethanol 96% 79.78
Acetone 799
100.60
Table 3
Process Air
Moisture Content
Lot (gim®)
"1 PYALG5 8.8
POAIGT 6.4
POALTO 3.6
Table 4
Coating
Composition %
Material {wiw)
Pancrelipase MT 85.00
Hypromellose Phthalate (3IP535) 12.50
Triethyl citraie {TEC) 1.25
Talc 1.25
100.60
5 The three sets of samples (i.e., POA165, POA167, and POA170) showed
residual moisture contents corresponding to the moisture content of the processing air
flow (Table 4),
Table 5
Loss on Drying
Lot (%)
POALGS 2.8
POA167 1.1
POALT0 1.7
10 The influence of residual moisture on the logs of activity over thme was

evaluated under accelerated stability conditions as follows:

Hard geiatin capsules (dosage 20,000 IUJ Lipase} were filled with the three lots
of coated Pancralipase MT minitablets described above and stored at 40°C at 75%

refative humidity in sealed Nialene baps.
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% LOD 1.30.30.30.30.40.040.6 0.2 Lipase (loss of activity) -1% -2% 2% 2% | % 4% -1% P9A476
Acetone Lipase U ' USP/mg 64.9 65.3 62.1 62.4 62.6 58.7 67.061.4 % LOD 1.20.4 1.0

Lipase activity was evaluated after 15 days and 4 months of siorage. The

results are shown in Table 6.

Table 6
Time zero L'15 days | 4 months
Batch LaD Lipase (IU/mg)
POALGS (2.8%) 62.5 46 {-26% activity) 33.6 (-46%
setivity)
POALGT {1.1%) 64.5 53 {~18% activity) 46.2 (-28%
activity)
PIALT0  (L.7%) 63.8 53 (-17% activity) | 44.8 (-30%
activity)

The results of Table 6 show that improved stability is provided by
5  compositions having a moisture content of less than about 2%. Alternatively,
improved stability is provided by coating under an atmosphere with a moisture

content of less than 3.6 g/m3 to 0.4 g/m3.

Example 2

10 Pancrelipase MT particles were coated with two coating compositions

containing different amounts of tale (Table 7).

Table 7
Compasition % (w/w)

Material Low tale content | High talc content
Hypromellose Phthalate (HP55) 16.180 5.825
Triethyl citrate (TEC) 1.020 0.580
Talc 1.020 5.825
Ethanol 96% 79.780 78.780
Acetone 7.990 7.990

166.060 100.000
HP:TEC: Talc ratio 10:1:1 10:1:10
Total solid content 12.23% 12.23%

Coating trials were carried out using a fluidized bed Glatt-GPCG1 apparatus
15 equipped with a Munters ML 1350 dehumidifier in order to assure process air flow at
a low moisture content (i.e., lower than 1 g/m3). Coating weights were approximately
15%. The theoretical composition of the two batches is reported in Table 8.

Microscopic examination indicated that the coatings on all samples were smooth and

as



1.30.51.01.00.6 Lipase (loss of activity) [ 1% -4% -4% -4% -10% 3% -5% P9A477 Lionise U
USP/mg 68.7 71.7 68.0 67.2 69.7 64.4 73.4 66.2 Acetone % LOD 1.1 0.20.31.00.00.6

homogeneous. Residual moisture contents were measuored by loss on drying (Table

9.
L Table &
| Batch P9A230 POA240
Material Low tale content | High lale content
Composition % (w/w)
Pancrelipase MT §5.000 85.00D
Hypromellose Phthalate (IP535) 12 500 7.143
Triethyl citrate (TEC) 1.250 0.714
Tale 1,250 7.143
100.600 100.006
Table 9 B
L.oss on Drying
Lot (%)
PSA230 09
P9A240 (.9

The effects of the different coating compositions on the loss of activity over

time were evaluated under accelerated stability conditions as follows:

Hard gelatin capsules (dosage 20,000 IU Lipase) were filled with the two lots
of coated Pancrelipase MT described above, and stored at 40°C and 75% relative

10 humidity in sealed Nialene bags.

Lipase activity was checked after 1, 2 and 3 months of storage as shown in

Table 9.
Table 16

Time zero | 1 month | 2 months | 3 months
Batch Lipase ({Ufms)
PYA230 64.5 576 49.6 52.3
Low tale (-11% -23% (-18% activity)
content activity) activity)
P9A240 653 38.2 60.62 39.6
High ralc (-11% activity) | (-7% activity) | (9% activity)
content

The results showed that the loss of activity after three months of storage under
15 accelerated stability conditions is significantly lower for samples coated with a high

talc content coating (Lot P9A240). Accordingly, increasing the talc concentration
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0.7 0.4 Lipase (loss of activity) |1 4% -1% -2% 1% -6 % 7% -4% As shown in Table 23, the three
samples prepared with the ethanol/acetone coating solvent showed similar losses in lipase activity.
After 2 months of storage, 5two of the samples prepared with the acetone coating solvent did not
exhibit any loss of activity, and the third showed a 4% of reduction of activity. This suggests that
samples prepared with the acetone coating solvent are more stable than samples prepared with the
ethanol/acetone coating solvent. Example 8 5Microtablets To provide further choices for dosage
formulations were made in which the dimensions of the tablets was significantly reduced. The
pancrelipase blend was tabletted with round 1.5 mm diameter, 1 2 mm radius of curvature punches.
The compression paFa RS aid et Bt rbrpRts it seyiliRp HPRYSBIRS Bwer than 2 5%
(US? method). The eharactetisiics of Lot 9A402 are shown in Table 24. Table 24 Lot P9A402 Values
Diameter 1.5 mm Weight (of 20 tiT) 0.071 g (0.070 --0.073) Thickness (as mean value of 204T) 1.73
mm (1.70

Example 3

5 The effects of coating composition solvent was evaluated by preparing “high
talc" and "low tale” coating compositions similar to those described in table 6, except
that the ethanol (96% ethanol, 4% water)/acetone solvent was replaced with 100%

acetone (Table 11).

Table 11
Compesition % (w/w)
Material Low talc content | High talc conient
Hypromeliose Phthalate (HP55) 10.190 5.825
Trethyl citrate (TEC) 1.020 {1,580
Tale 1.020 5.825
Acstone 87.770 87.770
100.600 100.600
HP:TEC:Talc ratio 10:1:1 i:1:10
| Total solid content 12.23% 12.23%
10
The coating trials were carried out using a fluidized bed Glatt-GPCG1
apparatug equipped with a Munters ML 1350 debumidifier in order to assure process
air flow at a low moisture content (lower than 1 g/m3). Coating weights were
approximately 15%. The theoretical composition of the two batches is repotied in
15  Table 12.
Table 12
POA3LS POA35Z
Batch Low tdlc content \High talc content
Material Composition % {(w/w)
Pancrelipase MT 85.000 £5.000
Hypromellose Phthalate (HP553) 12.500 7.143
Triethyl citrate (TEC) 1.250 0.714
Talo 1.250 7.143
| 100.600 100.000

Lot P9A318 complied with commercial product specifications, but Lot
PYA352 did not pass a gastro-resistance test. Microscopic examination showed that

20  the film coating of Lot P9A352 was not as smooth and bomogeneous as other coated
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--1.77) Hardness (as mean value of 201.iT) 4 Newton (3 - 5) Friability (20g of gT-30 min at 25 rpm)
1.80% Lot P9A402 was coated in a fluid bed Glatt-GPCGI apparatus equipped with a Munters ML
1350 dehumidifier in order to assure process air flow at low moisture 15 content (lower than | g/m3)
with a suspension having the composition shown in Table 2. A coating weight of 22% was obtained.
Microscopic examination of the film coatings indicated that all of the samples appeared smooth and
homogeneous. The theoretical composition of the batch Lot P9A422 is shown in Table 25. Table 25
Lot P9A422 Standard coat Composition % (w/w) Pancrelipase MT 78.00 Hypromellose Phthalate
(HP55) 18.34 Triethyl citrate (TEC) 1.83 Talc 1.83 100.000 20 _ Two other batches of microtablets
were prepared as deSBREI B P ERE AR HBIE RIES AP RGN R EABH PRI D6, Table 26
Characteristics Lot PB&4BTol/ RSP dtelc i@y ranrics anditwe nlqofzenitat0.072 g (0.070 -
0.073) 0.071g (0.07Gh-112.Eobépel hickness (as mean value of 20pT) 1.73 mm (1.67- 1.83)

Lot P9A318 was then evaluated under accelerated stability conditions as
5  foliows:
Hard gelatin capsules (dosage 20,000 IU Lipase) were prepared and stored at
40°C and 75% relative humidity in sealed Nialere bags. Lipase activity was measured

after 1, 2 and 3 months of siorage as shown in Table 13,

Table 13
Time zero | 1 month | 2 months [ 3 months
Batch Lipase (IU/mg)
POA3I1E 63.6 39.5 0.4 534
Low tale (-6% activityy | (-5% activity) | (-13%
content activity)

10
The stability of Lot POA318 is significantly improved compared to the
stability of Lot P9A230, which was prepared with a simnilar coating under similar
coating conditions {(Table 14). It therefore appears that replacement of 96% ethanol
with acetone in the coating formulation provides a significantly lower loss of enzyme

15 activity over time.

Table 14
Accelerated stability at 40°C+75% R.H. 1 month |2 months |3 months
Lot HP:TEC:Talc| Tale content Solvent Lipase (loss of activity)
P9A230 10:1:1 Low Ethanol\Acetone -11% -23% -19%
P9A240 10:1:10 High Ethanol\Acetone -11% -7% -9%
POATIR 10:1:1 Low Acetone -6% -5% ~13%

Example 4
CPS gelatin and HPMC (hydroxypropylmethyiceliulose) capsules were filled

20  with identical coated lipase compositions. The water content of gelatin capsules is
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1.74 nun (1.69 - 1.82) Hardness (as mean value of 20pT) 5 Newton (3 - 6) 5 Newton (4 - 6) Friability
(20g of 1iT-30 mmn at 25 rpm) 1.99% 2.02% Pancrelipase microtablets were coated with one of two
suspensions having levels of talc intermediate between the "high" and "low" levels described above
(HP55:TEC:Talc=10:1:5), using either acetone or a mixture of ethanol in acetone as a 5coaling solvent
(Table 27). The six trials were carried out using a fluidized bed Glatt-GPCG1 apparatus equipped
with a Munters ML 1350 dehumidifier in order to assure process air flow at low moisture content (lower
than 1 g/m3). Coating weights were approximately 22%, and microscopic examination indicated that
the coatings were smooth and 10 pomo eneous. Table 27 Coated iiT Solvent Unccgated isT Lot.
PIA460 Acetone Lot PPERASY o/ pYAIE AEBHE o PEATE ot BERRE3 kbt Bne Lot. POA459
Lot. P9A473 EthanoliassirreotottPOARIS taptulPond déEthanoltheeimec ots BOrA67 Lot. P9A468
Ethanol/Acetone LotaR8A4RI wkhadbieaseicalcompestinnsaiibiadatchesaresummarized in Table

28. Table 28 humidity; samples heat-sealed in Nialene bags, and lipase activity was tested after 15,
5 30 and 90 days. The results are shown below in Tables 15-17.

1) HPMC CPS vs GELATIN CPS

TABLE 15 |
LOT P200450287
LOSS OF LIPASE ACTIVITY %
TIME CPS GELATIN | CPS HPMC (not
dried)
15 days -12 % -3%
30 days -21 % -13 %
TABLE 16
LOT P200450614
LOSS OF LIPASE %
TIME GELATINE CPS HPMC CPS
{dried)
i 30 days -11 -1
10
TABLE 17
LOT P200450653
LOSS OF LIPASE %
TIME GELATINE CPS | HPMC CPS (not
dried)
30 days - 14 -8
[ 90 days { -32 -18 |

As ghown in Tableg 15-17, lipase compositions in HPMC capsules show
significantly higher lipase activity after storage for 15, 30, and 90 days under
accelerated stability conditions and dried HPMC capsules offer better stability than

15  those which contain equilibrium moisture levels.

Example 5
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Batch P9A466 - P9A468 - P9A473 Ethanol /Acetone as solvent P9A458 - P9A460 -PO9A463 Acetone
as solvent Material Composition % (w/w) Pancrelipase MT 78.00 78.00 Hypromellose Phthalate
(HP55) 13.75 1175 Triethyl citrate (1LC) 1.37 1.37 Talc 6.88 6.88 100.00 100.00 [IPMC cps
capsules were filled with the coated microtablets described above, and packed in glass bottles
containing desiccants (molecular sieves). The bottles were 5then closed with Sal-Cap ID-A, containing
HS 035 Heat Seall120F printed as a sealing liner and stored under accelerated stability conditions
(40C and 75% relative humidity). Twelve MPMC capsules (dosage 5,000 DJ Lipase) and | g of

molecular sieves (Minjpax sorhent-Multis r%} esiccant were placed in a 30 mL capacity glass
bottle. Lipase activitylzl’vglé‘%%nr%‘f‘edz?l Gregae %ng Byalsﬁ uleRr %uggﬁeg‘%{%drgﬁgcﬁg% shown in Tables 29

and 30. Table YorEcemrition Mapiiyt fermo ChrsolR ipr the Wape Fipeafdhgectsys 40

capsules (P200050) contained approximately 10% talc, whereas the coating for the
compositions of the hydroxypropylmethylcellulose capsules (P200550) contained

5 approximately 33% talc. The coating compositions were otherwise identical. The
foliowing Table 18 compares the levels of degradation observed after storage under
accelerated stability conditions with the moisture content of the compositions. As
shown in Table 18, higher levels of lipase activity correlate with lower levels of
moisture in the composition. In addition, compositions filled in HPMC capsules are

10 more stable than compositions filled in to gelatin capsules.

Table 18
% aciivity LOD %
HPMC manths 40° C/ 75% RH months 40° Cf 75% RH
Baich 0 ! 3 6 0 1 3 6
P200550 | 503 100 100 105 101 L6 1.7 L6 15
P200550 | 865 100 96 101 102 L7 2.1 L6 1.8
P200550 | 500 100 102 101 93 0.8 1.9 1.7 2
P200550 | 861 100 97 103 g9 1.5 1.7 2.0 1.4
P200550 | 502 160 100 99 98 0.4 1.4 2.3 2.0
P2005350 | 859 100 103 103 97 L1 0.7 .9 1.3
Average 186 100 102 99 1.2 1.6 1.9 1.7
% activity LOD %
Gelatin months 40° C/ 75% RH months 40° C/ 75% RH
Batch 0 1 ! 6 6 | 1 3 5
P200050 | 981 100 90 92 §1 20 1 30 3.0 2.8
P200050 | 975 100 89 79 66 27 | 32 1.1 78
P200050 | 977 100 % 93 87 32 | 34 3.2 2.8
I Average ] 300 | o5 1 86 | 77 | 30 | 33 | 32 | 29 |
15  Example 6

The effects of storing capsules containing lipase compositions in packages
containing a desiccant were evaluated by measuring lipase actjvity in the samples
after 30 and 90 days of storage under accelerated stability conditions (40°C and 75%

relative humidity; samples heat-sealed in Nialene bags). As shown in Tables 19 and
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days 60 days 90 days 120 days 180 days lot Solvent
U 64.7 67.0 64.6 63.6 62.3 ad ad nil

% LOD 1.7 2.2

P9A466 EthanollAcetone SP/mg Lipase U

20, lipase activity is significantly higher in packages containing a desiccant and in

capsules that are dried below their equilibrium moisture content,

2) DESICCANTS

in Tyvek™ bags

5  Desiccant 1: silica gel
Desicoant 2: molecular sieves in Tyvek® bags
TABLE 19
LOSS OF LIPASE %
TIME P200450614 in P200450614 in P200450614 in
HPMC cps (dried) | HPMC eps  (dried) | HPMC eps  (dried)
no desiccant desiccant 1 desiccant 2
30 days -1 +4 +1
90 days -10 +2 0
TABLE 20 |
LOSS OF LIPASE %
TIME P200430653 in P200450653 in HPMC P200450653 in HPMC
HPMC cps ne ops desiceant [ cps desiccant 2
desiccant
30 days -8 -8 -5
90 days - 18 - 14 -10
10 Exampie 7
Pancrelipase MT particles were coated with two coating compositions having
a level of talc iniermediate between the "low" and "high" levels employed above
(HP55:TEC: Talc=10:1:5), using either acetone or 2 mixture of ethanol/acetone as the
coating solvent. The theoretical composition of the two coating suspensions shown in
15  Table 21, below.

Table 21
Composition % (w/w)

Material Intermediate tale content
Hypromellose Phihalate (HP53) 7.644 7.644
Triethy! citrate (TEC) 0.764 0.764
Talc 3,822 3.822
Ethanol 75.780 I,
Acetone 7.990 87.770

100.006 100.000
HP:.TEC:Talc ratio 10:1:5 10:1:5
Total solid content 12.23% 12.23%
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0.4 0.0 0.0 nil nil ad Lipase (loss of activity) 4% 0% -2% -4% nd nil ad P9A468 Ethanol 'Acetone
Lipase U USP/mg 61.2 59.6 57.7 58.6 58.9 ndad ad % LOD 1,7 0.50.4 0.0

16

15

20

The coating irials were carried out using a fluidized bed Glatt-GPCG1
apparatns equipped with a Munters ML 1350 dehumidifier in order to assure process

air flow at a low moisture content (lower than I g/m3}.

The batches were prepared by coating the Pancrelipase MT at a coating weight
of approximately 15%. Three baiches were prepared with an ethanol/acetone coating
solvent and three batches were prepared with an acetone coating solvent. The

theoretical composition, which was the same for all six batches, is shown below in

Table 22.

Table 22
PAARI - POA4RS
- PRA486
Ethanol fdcetone | POAADS ~PIALTE —POAALTT
Batch as salvent Acetone as solvent
Material Composition % {(w/w)
Pancrelipase MT 85.00 85.00
Hypromellose Phthalate (HP55) 9.37 9.37
Triethyl citrate {TEC) 0.94 0.94
Talc 4.69 4.69
160.00 | 166.00

Microscopic examination of the coating for all six samples appeared smooth
and homogeneous. The coated Pancrelipase MT particles were then filled into HPMC
capsules and packaged in glass bottles containing degiccants (molecular sieves), The
bottles were then sealed, stored under accelerated stability conditions and lipase

activity was evaluated at various time periods as indicated below in Table 23.

The packaging conditions for each sample was as follows. Twelve HPMC
capsules (dosage 20,000 IU Lipase) and 1g of molecular sieves (Minipax sorbent-
Multisorb) as desiccant were put ir a 30 mL capacity glass bottle. The bottles were
closed with Saf-Cap TII-A, containing HS 035 Heat Seal/20F printed as a sealing liner
and stored at 40°C/75% RH.
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0.0 nilad ad Lipase (loss of activity) 4% 0% -2% -4% ad ad ad P9A473 EthanobAcetone Lipase U
USP/mg 59.8 58.9 57.7 59.4 58.4 ad ad tid % LOD 1.8 0.7 0.9 0.0 0.0 nd

Table 23
Accelerated stability at 0 30 12¢ | 180
40°C+75% R.H. days | 208835 | 4oy, | 40days | 60days | 90days | 3, oo | Gays
lot Solvent
Lipase U :
USPlmg 69.0 | 67.0 | 72.4 . 62.6 64.7 nd ad | nd
o,
POA4L3 | EthanoRAcetone f‘.LOD 1.0 ¢.s 0.2 0.2 0.6 nd od § nd
ipase
(loss of 3% | 5% -9% -6% nd nd | nd
activity)
Lipase U
USP/mg 7001 732 16571 698 66,9 nd nd | nd
PUA48S | Bthanol\Acetone | 70 LOD | 1.1 0.6 0.3 0.6 0.6 nd nd { nd
Lipase
(loss of 5% -6% 0% -4% nd nd ¢ nd
activity)
Lipase U
USP/rag 63.07 614 | 59.7 62 61.5 nd nd | nd
POAARS Ethanol\Acetone % L.OD 1.6 0.2% 0.6% 0.5% {.4% nd nd nd
Lipase
{loss of 3% | 5% -2% 2% nd nd | nd
activity)
Lipass Ul o 01 632 | 629 | 651 | 6535 | 647 (6671631
USP/mg
POAADS Acetone %LOD | 13 0.3 0.3 0.3 0.4 0.04 0.6 { 0.2
Lipase
{loss of 1% | 2% 2% 2% 1% ] 4% | -1%
activity)
Lipase U
USP/mg 64.91 653 | 621 624 62.6 58.7 [67.0] 614
POAATS Apstone % LOP 1.2 0.4 1.0 1.3 0.5 1.0 1.0 0.6
Lipase
0S5 O 1% o 4% o - o % | -9%
{1 f Y -4% 4% 4% 6% 13 5%
activity}
Lipese U
USP/meg 6871 717 | 68G ]| 672 65.7 644 ]73.41) 662
POALTT Acetone % LOD | 1.1 0.2 0.3 1.0 0.0 0.6 6.7 { 0.4
Lipase
055 O (] ~1% -2% ° -6 % o | 4%
¢! f 4%, 1% % 1% 6% | T | 4%
activity)

As shown in Table 23, the three samples prepared with the ethanol/acetone
coating solvent showed similar losses in lipase activity. After 2 months of storage,
5 two of the samples prepared with the aceione coating solvent did not exhibit any loss

of activity, and the third showed a 4% of reduction of activity. This suggests that
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nd ad Lipase (loss of activity) -2% -4% -1% -2% ad ad ad P9A458 Acetone Lipase U USP/mg 62.4
65.4 64.3 62.9 65.0 62.365.562.6 % LOD 3.00.10.50.00.00.61.30.3

samples prepared with the acetone coating solvent are more stable than samples

prepareé with the ethanol/acetone coating solvent.

Example B
5  Microtablets
To provide further choices for dosage formulations were made in which the
dimensions of the tablets was significantly reduced. The pancrelipase blend was

tabletted with round 1.5 mum diameter, 1.2 mm radius of curvature punches.

The compression parameters were set to oblain microtablets (“wT™) with

10 frisbility lower than 2.5% (USP method). The characteristics of Lot 9A402 are

shown in Tabie 24.

Table 24
Lot POA402 Values
Dijameter 1.5 mm
Weight (of 20 uT) 0071 g (0,070 -- 0.073)
Thickness {as mean value of 20uT) 173 o (1.70 --1.77)
Hardness (as mean value of 20uT) 4 Newton (3 - 5)
Friability (20g of 1 T-30 min 2t 25 mm) 1.80 % I

Lot POA402 was coated in a fluid bed Glatt-GPCG1 apparatus equipped with a
Munters ML 1350 dehwmnidifier in order {0 assure process air flow at low moisture
15  content (lower than 1 g/m3 ) with a suspension having the composition shiown in
Table 2. A coating weight of 22% was obtained. Microscopic examination of the

{ilm coatings indicated that all of the samples appeared smooth and homogeneous.

The theoretical composition of the batch Lot POA422 is shown in Table 23,

Table 25
Standard coat

Lot POA422 Composition % (w/w}
Pancrelipase MT 78.00
Hypromellose Phthalate (HP55) 18.34
Triethyl citrate (TEC) 1.83
Talc 1.83

100.000

20
Two other batches of microtablets were prepared as described above, and their

properties are shown below in Table 26.
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Lipase (loss of activity) 5% 3% 1% 4% 0% 5% 0% P9A460 Acetone Lipase U USP/mg 56.9 58.2 59.2
58.3 60.0 57.6 62.256.8 % LOD 1.7 0.07 0.30.00.00.00.6 0.2 Lipase (loss of

Table 26
Characteristics Lot P9A4ST Lot POA459
Diameter 1.5mm 1.5 mm

0.071g (0.070 —

Weight (0f 20 uT) 0.072 g (0.070 —~ 0.073) ; 0.074)
Thickness (as mean value of - 1.74 mm (1.69 -
20uT) 1.73 mm (1.67 — 1.83) | 1.82)
Hardness (as mean value of 200T) |5 Newton (3 — 6) 5 Newton (4 — 6)
Friability (20g of pT-30 min at 25 _
pm) 1.99% 2.02%

Pancrelipase microtablets were coated with one of two suspensions having
levels of talc intermediate between the "high” and "low" levels described above
{(HP35:TEC:Talc=10:1:5), using either acetone or & mixture of ethanol in acetone as a

5  coafing solvent (Table 27).

The six trials were carried out using a fluidized bed Glatt-GPCG1 apparatus
equipped with a Munters ML 1350 dehumidifier in order to assure process air flow at
low moisture content (lower then 1 g/m3). Coating weights were approximately 22%,

and microscopic examination indicated that the coatings were smooth and

10 homogeneous.

Table 27
Coated uT Solvent Uncoated uT
Lot. P9A460 Acetone Lot. PSA402
Lot. P9A458 Acetone Lot. P2A457
Lot.P9A463 Acetone Lot. P9A4SS
Lot. P9A473 Ethanol/Acetone Lot POA402
Lot. P9A46E Bthanol/Acetone Lot POA457
Lot. POA468 Ethanol/Acetone Lot. P9A459

The theorefical "compositions of the batches are summarized in Table 28,
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activity) 2% 4% 2% 5% 1% 9% 0% P9A463 Lipase U USP/mg 62.7 63.8 622 61.5 59,8 54.5 62.6
58.6 Acetone % LOD 1.6 2.30.50.00.00.4 0.6 0.5 Lipase (loss of activity)

Table 28
POA466 - POAAGE - POA4TR PSAA45E — POA4G0 -POA463

Baich Ethanol /Aceione as solvent Acetone as solvent
Material Composition % (w/w)
Pancrelipase MT 78.00 78.00
Hypromellose Phthalate (HP55) 13.75 13.75
Triethyl citrate {TEC) 1.37 1.37
Talc 6.88 6.88

100.66 100.00

HPMC cps capsules were filled with the coated microtablets described above,
and packed in glass bottles containing desiccants (molecular sieves). The bottles were
5 then closed with Saf-Cap II-A, containing HS 035 Heat Seal/20F printed as a sealing
liner and stored under accelerated stability conditions (40°C and 75% relative
humidity). Twelve MPMC capsules (dosage 5,000 TU Lipase) and ig of molecular
sieves (Minipax sorbent-Multisorb) as desiccant were placed in a 30 mL capacity

glags bottle. Lipase activity was measured at 20, 30, 40, and 60 days of storage as

10 shown in Tableg 29 and 30.
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2%-1%-2%-5%-13 % 0% -7% Table 30 Accelerated stability at 40C+75% R.H. 20 days 30 days
40 days 60 days Lot Solvent Lipase (loss of activity) P9A466 EthancaAcetone +4% 0% -2% -4%
P9A468 EthanolkAcetone -3 -4% -4 -4% P9A473 Ethanol \ Acetone -2% -4% -1% -2% P9A458

Acetone

Table 29
Accelerated stability at 6 L 20 |30 40 60 90 | 120 | 180
40°C+75% R.H. days| days days| days | days | days |days|days
ot Solvent
Lipase
U 6471 67.0 |646] 63.6 | 62.3 nd { nd | nd
' USP/mg
POA4ES | EthanolAcetone | % LOD | 1.7 | 2.2 | 04 ] 0.0 | 00 | nd | nd | nd
Lipase
(loss of 4% j0%: 2% | 4% nd nd ;| nd
activity)
Lipase
U 6121 596 (5777 586 | 589 nd | nd | nd
USP/mg .
POA4G3 | BthanohAcetone | % LOD ; 1,7 | 0.5 0.4 0.0 0.0 nd nd | nd
Lipase
(loss of 4% 0% | 2% | 4% nd nd | nd
activity)
Lipase
(8] %9.81 589 577 594 | 584 nd | ad i nd
USP/mg
POA473 | EthanolAcetone | %LOD [ 18 [ 07 1091 00 | 00 | nd | nd | nd
1_Lipasc
(loss of 2% |4%| -1% | 2% nd nd | nd
activity)
Lipase
& 6241 654 1643 629 ¢ 650 ] 623 6551626
USP/mg
PIA458 Acetone %LOD] 30 01 051 0.0 0.0 0.6 | 13103
Lipase
(loss of 5% (3% | 1% | 4% { 0% (5% {0%
activity)
Lipase
U 569 58.2 {592 583 | 600 | 57.6 622|568
USP/mg
POAALED Acetone %ILODG 171 007 103 1 0.0 0.0 00 [ 061402
Lipase
(loss of 2% (4% 2% | 5% 1% [9% 0%
activity)
Lipase
U 62.7| 638 [622] 615 [ 59.8 | 545 162.6 586
USP/mg
PYA4G3 Acetone %LOD 16| 23 | 051 00 0.0 04 | 0605
Lipase
{loss of 2% 1-1%F 2% | 5% |-I3% 0% -T%
1} activity)
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+5% +3% +1% +4% P9A460 Acetone +2 +4% +2% +5% P9A463 Acetone +2% -1% -2% -5% All
three samples prepared using an ethanol/acetone coating solvent showed similar behavior and after
two months of storage, the loss of lipase activity was 2%- 54%. After two months of storage the loss of
activity of two of the samples prepared using an acetone coating solvent showed no evidence of loss
of lipase activity, while the third sample showed a 5% decrease in lipase activity. Thus, compositions
prepared with acetone as the coating solvent were more stable than samples prepared with an
ethanol/acetone coating solvent, possibly linked to the water content of the 10ethanol used. The
microtablets prepared above were slightly oblong (see Tables 24 and 26); the ratio between the
microtablet thickness and diameter was between 1.22:1 and 1.15:1. To further reduce the dimensions

of the microtablets, newsamptes were-15preparedgitFg@tios of thicicness-to-diameter ratio nearer to

1:1 (Lot Q9A006), are SHQMRRIaWIHikAME18ETRPIE28 LoD ARGRASTISILA[EPAYS Diameter 1.3
mm Weight (of 20 !IT) 0.060 g (0.05&+).062) Thickness (as rﬁuean vzjue of 201.tT) 1i50 ram (1.45-
1.58) Hardness (as me&ntvalue ofS2DpM) 5 Newton (4- 6) Fridkwuity (e0g/at#B0min at 25 rpm) 1.63 %
POA466 EthanoRAcetone +4% 0% -2% 4%
P9A46E Ethanol\Acetone -3 4% -4 4%,
POA473 Ethanol\Acetone 2% -4%% -1% -2%
POA438 Acetone +5%, +3% +1% | +4%
PoA460 Acetone +2 +4% +2% +5%
.| POA463 Acetone +2% 1% ] 2% -5%

Al three samples prepared using an ethanol/acetons coating solvent showed
similar behavior and after two months of storage, the loss of lipase activity was 2%-
5 4%. After two months of storage the loss of activity of two of the samples prepared
using an acetone coating solvent showed no evidence of loss of lipase activity, while
the third sample showed a 5% decrease in lipase activity. Thus, compositions
prepared with acetone as the coating solvent were more stable than samples prepared
with an ethanol/acetone coating solvent, possibly linked io the water content of the

10 ethanol used.

The microtablets prepared above were slightly oblong (see Tables 24 and 26);
the ratio between the microtablet thickness and diameter was between 1.22:1 and

1.15:1.

To further reduce the dimensions of the microtablets, new samples were
15 prepared with ratios of thickness to diameter ratio nearer to 1:1 (Lot Q9A006), are

shown below in Table 31,

Tabie 31
Characteristics Lot Q9A006
Diameter 1.5 mm
‘Weight (of 20 uT) 0.060 g (6.058 — 0.062)
Thickness (as mean value of 20uT) 1.50 mm (.45~ 1.58)
Hardness {as mean value of 20uT) 5 Newton (4-6)
Friability (20g of n'T-30:min at 25 rpm) 1.63 %
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Lot Q9A006 was coated with the compositions shown in Table 32 at a coating weight of 22%. The
coating trials were carried out using a fluid eyes bed GlattGPCGI apparatus equipped with a Munters
ML 1350 dehumidifier in order to assure processing air flow at low moisture content (lower than 1
g/m3). 5The theoretical composition of the coated microtablet Lot Q9A019 was the same as that
shown in Table 28. Microscopic examination indicated that the coatings were smooth and
homogeneous. Table 32 Composition ./0 (w/w) Material Intermediate talc content Hypromellose
Phthalate (HP55) 7.644 Triethyl citrate (TEC) 0.764 Talc 3.822 Acetone 87.770 100.000 HP:TEC:Talc
ratio 10:1:5 Total solid content 12.23% 10The above examples show that digestive enzyme
compositions with improvedi<Seaniity wertesehiah it ByeHiErftsbayowbIndl e EBitents and water
activities in the compeianis nktheteempasiitonyior @xkmpiebyd e plackyes agtieptss ethanol/acetone
coating solvents witl;pegi0Rg.cRAINGRINAPIRIE AdRIGtaiaRicisiRrhmidified process air flows

(e.g., having moisture contents egwt(elen 0.4 g/m3 and 153.gaqllrln3 .3In addition, increased levels of
inorganic materials i%r%séslcﬂgﬁffngo ‘(eafg.o,“l-ﬁ? :ﬁ?‘:’&f‘?’f%ﬁf’:“f%rtlos rag{g r?g from 10:1:1 to 10:1:5), selection
of less hygroscopic capsuledBateHRls d&hGosiibrMiGh ot ia chididhle). 1 andsmpsauechpackaging
techniques (e.0., stqage nelsealedalass hlliesconaininadessicanic) providg igestive enzyme
compositions and dosage %orms with improve stai)ﬁlty. 20 Example 9 The foﬁowmg Table 33
shows accelerated SIEBIRPIEHIFURPBBRIES; 40C and 75% Relative Humidity) of Eudragit coated

pancrelipase Minitabs. Table 33 Batch 12 3

Table 32
_ Compaosition % (w/w)

Material Intermediate talc content
Hypromeliose Phihalate (HP55) 7.644
Triethyl citrate (TEC) (.764
Talc 3.822
Acetone 87.770

160.060
HP:TEC:Talc ratio 10:1:5
Total solid content ! 12.23%

10 The above examples show that digestive enzyme compositions with improved

stability can be prepared by maintaining low moisture contents and water activities in
the components of the composition, for example by replacing aqueous
ethanol/acetone coating solvents with acetone, coating minitablets and microtablets in
debumidified process air flows (e.g., having moisture contents between 0.4 g/m3 and
15 3.6 g/m3). In addition, increased levels of inorganic materials in the coating (e.g.,
HP55:TEC: Talc ratios ranging from 10:1:1 to 10:1:3), selection of less hygroscopic
capsule materials (e.g., HPMC or dried HPMC), and improved packaging techniques
(e.g., storage in well-sealed glass bottles containing dessicants) provide digestive

enzyme compositions and dosage forms with improved stability.

20
Example &
The following Table 33 shows accelerated stability testing (in bottles; 40°C

and 75% Relative Humidity) of Eudragit coated pancrelipase Minitabs.
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45 Time (months)01010101o01Lipase IU 23030 15510 24180 15810 23550 16014 23000 16100
23613 17594 % (Vs time 0) 100 67 100 65 100 68 100 70 100 74 L.0.D. % (max. 5.0) 4.0 4.9

Table 33
Batch i 2 3 4 5

Time {(months) ] 1 o 1 o 1 0 1 ¢ 1

Lipase IUJ 23030 | 15510 | 24180 | 13810 § 23550 | 16014 | 23000 ; 16100 | 23613 | 17594

% {Vs time 0) 100 67 100 65 100 68 100 70 160 74
L.o.D. % 4.0 4.9 3.9 4.6 4.2 4.2 39 4.3 33 37

{max. 5.0)

The results indicate that conventional enteric coatings such as Budragit do not

provide stabilized pancrelipase compositions.

Exampie 10
Examples of dosage forms comprising ER coated beads of varying dosage per

sapsule, coated as described in previous examples, are shown in Table 34, below:

Table 34
Content (mg/capsule } for each Dosage Streneth
Component Compesition Composition Cemposition Composition
1 2 3 4
Pancrelipase 55.7 108.9 163.4 217.8
(5,000 USP (10,600 USP (15,000 USP (20,000 USP

units) units} uhits) units)
Croscarmellose Sodium 1.9 36 5.3 7.3
Hydrogenated Castor Oil 0.6 1.2 1.8 2.4
Colloidal Silicon Dioxide 0.3 0.6 6.9 1.2
Cellulose 3.1 6.1 9.1 12.1
Microcrystalline
Magnesium Stegraie 0.3 0.6 0.9 1.2
Hypromellose Phthalate 12.2 18.9 28.4 37.8
Talc 6.1 9.5 14.2 18.9
Triethyl Ciirate 1.2 1.92 2.8 3.8
Acetone’ Trace Trace Trace Trace
Carrageenan 0.1 0.2 0.3 0.3
Potassium Chloride 0.2 0.3 0.4 0.4
Titanium Dioxide 2.3 3.5 5.1 5.2
Hypromellose 33.5 52.9 79.4 79.2
Carnauba Wax Trace Trace Trace Trace
‘Water 0.38 0.60 0.9 0.90
Yellow Iron Oxide - 0.1 - 0.2
Red Iron Oxide - - 0.3 -
FDC Biue 2 - - - 0.1
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3.9464.24.239433.33.7 The results indicate that conventional enteric coatings such as
Eudragit do not provide stabilized pancrelipase compositions. Example 10 Examples of dosage
forms comprising ER coated beads of varying dosage per capsule, coated as described in previous
examples, are shown in Table 34, below: Table 34 Content (mg/capsule ) for each Dosage Strength
Component Composition 1 Composition 2 Composition 3 Composition 4 Pancrelipase 55.7 (5,000
USP units) 108.9 (10,000 USP units) 163.4 (15,000 USP units) 217.8 (20,000 USP

Example 11
The following Table 35 shows the water content of various sized containers

containing capsules comprising the compositions of the present invention. The water
content includes total water from the capsules, and water permeating into the
5 container over a two-year storage time. The "equivalent molecular sieves weight" is

the minimum amount of molecular sieves required to absorb the water present in the

containers,
Table 35
Boitle Cps. Total water | Water from
sizes Cps weight moisture from cps Permeation, Equivalent Molec.
(ce) Cps n° (mg) (%a) (mg/battle) | (mg/2y/bottie) | Sieves weight (g)
30 12 95 3% 34 38! ¢.96
200 160 95 3% 285 401 458
750 500 95 3% 1425 474 12.66
3o 20 95 3% 57 111 112

10 Example 12
A Phase [II randomized, double-blind, placebo-controlled, cross over study

was carried out to compars the effects of treatment with the pancrelipase
compositions of Table 34 to that of a placebo in 34 CF patients with EPT aged seven
vears and older. The study was conducted in 14 CF centers throughout the US. The

15 primary endpoint of the study compared the coefficient of fat absorption following
ora) administration of the pancrelipase composition in daity doses less than or equal to
10,000 lipase units per kilogram of body weight in combinations of 5,000, 10,000,
15,000 or 20,000 lipase units per capsule versus a placebo. The secondary endpoints
of the trial evaluated changes in the coefficient of nitrogen absorption as a

20 determinant of protein absorption, cholesterol, fat soluble vitamins, weight, body

mass index and EPI symptoms.

Patients treated with these compositions showed a statistically significant
increase in the coefficient of fat absorption and coefficient of nitrogen absorption as
compared to those receiving a placebo and had fewer symptoms associated with

25  impaired absorption such as bloating, flatulence, pain and evidence of fat in stools.
Inereases in mean cholesterol and vitamin levels were also observed in patients taking

these pancrelipase compositions versus placebo. A statistically significant decrease
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units) Croscarmellose Sodium 1.9 3.6 5.5 7.3 Hydrogenated Castor Oil 0.6 1.2 1.8 2.4 Colloidal Silicon
Dioxide 0.3 0.6 0.9 1.2 Cellulose Microcrystalline 3.1 6.1 9.1 12.1 Magnesium Stearate 0.3 0.6 0.9 1.2
Hypromellose Phthalate 12.2 18.9 28.4 37.8 Talc 6.1 9.5 14.2 18.9 Tnethyl Citrate 1.2 1.92

was obtained in the frequency of stools per day. These compositions were well

tolerated by patients, and no drug related serious adverse events were observed during
the study.

The mean percentage coefficient of fat absorption in patients receiving these
5  compositions was 88.28% versus 62.76% in patients receiving placebo. The mean
percentage coefficient of nitrogen absorption was 87.2% versus 65.7% in patients

taking placebo and the mean number of stools per day decreased in respective patient

groups from 2.66 to 1.77.

Example 13

10 A pediatric, Phase III clinical trial was carried out to evaluate the effects of
treatment with the compositions of Tabie 34 in an open-label study in 19 CF patients
under the age of seven it 11 CF treatment centers in the US - the first pancreatic
replacement therapy trial of this size conducted on young children and infants with
exocrine pancreatic insufficiency. The study design involved a seven-day dose

15 stabilization period followed by a seven-day treatment period; patients received 5,000
lipase units per capsule daily, with the product being sprinkled on food as required.
The siudy’s primary endpoint was the percentage of “responders,” or those patienis
without excess fat in stools and without signs and symptoms of malabsorption after
one and two weeks of treatment. Secondary endpoints included weight change,

20 nutritional status, stool frequency and consistency, incidences of bloating, pain and
flatulence ag well as physician and parent or guardian judgment of clinical symptoms

improvement. Product safety was also assessed.

The mean percentage of responders, as defined in the study protocol, at

screening (the beginning of the stabilization period when patients were on a previous

25 pancreatic enzyme replacement therapy and prior to treatment) was 52.6%. At the end
of the stabilization period and the end of the treatment period, the mean percentages
of responders were 66.4% and 57.9% respectively. Among the children in the study,
malabsorption symptoms were significanily lower at the end of the treatment period
than at screening, consistent with observations regarding conirol of malabsorption

30  symptoms seen in the Phase III trial described in Exampie 12, above. The
pancrelipase compositions of the present invention were alse well tolerated by these

patients and ne drug related serious adverse events were observed during the trial.
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2.8 3.8 Acetoneb Trace Trace Trace Trace Carrageenan 0.1 0.2 0.3 0.3 Potassium Chloride 0.2 0.3
0.4 0.4 Titanium Dioxide 2.3 3.5 5.1 5.2 Hypromellose 33.5 52.9 79.4 79.2 Carnal& Wax Trace Trace

Trace Trace Water 0.38 0.60 0.9 0.90 Yellow Iron Oxide -

The resulis showed that the compositions of the present invention effectively
controlled the signs and symptoms of malabsorption and support the results obtained
in the pivotal phase 111 trial described in Bxample 12. A significant proportion of
physicians and patients felt that the control of symptoms with the compositions of the

5 present invention was improved versus previous therapies.

Example 14

A Phase I opened-label, randomized, single center, single treatment, cross-
over study was carried out to compare the effects of treatment with the pancrelipase
compositions of Table 34 to determine the gastrointestinal bioavailability of these

10 compositions in fed conditions in 10 chronic pancreatitis patients with exocrine
pancreatic insufficiency. Exclusionary drugs (proton pump inhibitors (PPI's),
aptacids, and drugs capable of altering G! mobility were disconiinued 7 days prior to
entering the study. Patienis were randomized to receive either Ensure Plus™ (a
vitamin fortified mutritional supplement available from Abbott) alone or Ensure

15 Plos™ in combination with 75,000 USP lipase units (3 capsules containing 20,000
units each plus 3 capsules containing 5000 units each) per procedure, The capsules
wers opened and their contents mixed with 480 mL of Ensure Plus™ immediately
before administration. After a one-day washout period, this procedurs was repeated,
except that patients who previously received Ensure Plus™ alone received Ensure

20 Plus™ in combination with 75,000 USP lipase units, and patients who previously
received the combination of Ensure Plus™ and lipase, received Ensure Plus™ alone,
The following day, patients received a physical exam, and blood and urine samples
were collected. The bioavailability of the compositions of the present invention was
estimated from the amount of the respective enzymes released and recovered (i.e.,

25  lipase, amylase, and chymotrypsin) in the duodenum following administration of the
composition in the presence of Ensure Plus™, Measurements of cholecystokinin
levels in the blood, and gastric and duodenal pH were also measured. Lipase activity
was measured according o the method of Carriere, F,; Barrowman, LA, Verger, R,
Laugier, R. Secretion and contribution to lipolysis of gastric and pancreatic lipases

30 during a test meal in humans. Gastroenterology 1993, 105, 876-88. Amylase and
chymotrypsin were measured according to the methods described in Carriere, F;
Grandval, P.; Renou, C.; Palomba, A.; Prieri, F.; Giallo, J; Henniges, F.; Sander-

Struckmeier, S.; Laugier, R. Quantitative study of digestive enzyme secretion and
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0.1-0.2 Red Iron Oxide 0.3 FDC Blue 2 -- 0.1 Example 11 The following Table 35 shows the
water content of various sized containers containing capsules comprising the compositions of the
present invention. The water content includes total water from the capsules, and water permeating into
the 5 container over a two-year storage time. The "equivalent molecular sieves weight" is the minimum
amount of molecular sieves required to absorb the water present in the containers. Table 35 Bottle
sizes (cc) Cps n Cps weight (mg) Cps. moisture (%) Total water from cps (mg/bottle) Water from
Permeation. (mgl12y/bottle) Equivalent Malec. Sieves weight (g) 30 12 95 3% 34 111

gastrointestinal lipolysis in chronic pancreatitis Clin. Gastroenterol. Hepatol. 2005, 3,
28-38.

Treatment with the pancrelipase compositions of the present invention was
found to result in statistically significant greater amounts of amylase, lipase and
5  chymotrypsin released in the duodenum of patients that received the combination of
Ensure Plus™ and pancrelipase, compared to patients that received Ensure Plus™

only (after correcting for pH as a confounding factor).

The mean bioavailability for lipase, amylase and chymotrypsin for the eight
patisnts who completed the study according to the protocol) was 27.5%, 21.6%, and -
10 40.1% respeciively. It was found that the patients fell into two different GI pH
subpoepulations ("normal pH” and "low pH"). For patients who had "normal pH”
values (ie., patients with a mean duodenal pH greater than 43, the mean
bioavailability of ipase, amylase and chymotrypsin was higher than for the entire
sindy group: 45.6%, 26.9%, and 47.7%, respectively. No difference in

15 cholecystokinin values between the two treatments was observed,

Because the bioavailability for lipase, amylase, and chymotrypsin differs for
"normal pH" and "low pH" patients {(particularly for lipase), the efficacy of the
pancreiipase compositions or dosage forms of the present invention can be enhanced,
e.g., in "low pH" patients, by co-administration of medications which increase GI pH,
26 for example PPI’s and antacids. However, the compositions or dosage forms of the

present invention can be administered without co-administration of e.g., PPI’s.

The foregoing description of the invention has been presented for the purpose
of itlustration apd description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Modifications and vaziations are possible in

25 light of the above teachings. The descriptions of the embodimenis were chosen in
order to explain and to describe the principles of the present invention and its practical

application, and are not meant to be limiting on the scope of the claims,

All publications and patents or patent applications cited herein are
incorporated by reference in their entirety to the same extent as if each individual
30  publication, patent, or patent application were specifically and individually indicated

incorperated by reference.,
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Example 12 = A Phase Il randomized, double-blind, placebo-controlled, cross over study was
carried out to compare the effects of treatment with the pancrelipase compositions of Table 34 to that
of a placebo in 34 CF patients with EN aged seven years and older. The study was conducted in 14
CF centers throughout the US. The 15 primary endpoint of the study compared the coefficient of fat
absorption following mnal administration of the pancrelipase composition in daily doses less than or
equal to 10,000 lipase units per Icilogram of body weight in combinations of 5,000, 10,000, 15,000 or
20,000 lipase units per/capapigiverstspiacebpluldiesetandat y.etidiessisiofdidebrddlevaluated
changes in the coefficient og nitrogdeggd%)lﬁlorgté% 1as a ZtE)Igetgﬁr(yriag%eo{:&roggin aigesorgtic?nﬁghglesterol,
fat soluble vitaming. \r/bsé%nat, 81&%/ Mass Index ana Ifﬁ?sy%hptoms. Atients treated With these
compositions shoviedeaestaiistioadhjcsigrifigaoniptsesise in the coefficient of fat absorption and
coefficient of nitrogen 3psErRlon 35 £ANRVREIRNASSEEEIVIRY a placebo and had fewer symptoms

associated with 25impaired absorption such as bloating;, flatulence, pain and evidence of fat in stools.
Increases in mean chdidétéfolandteltantifcreietach ertdatdo’e bsbasstiom hatiatsveghinolthese
pancrelipase compasiipnsae s Hacahe Aosiadipirad Sianifinantdesreass Wrs.abiaingd in the
frequency of stools per day. These corrﬂl}ao itions were well tofl%rated by patients, and no drug related
serious adverséSUAMENNEBYELATEq ARG H & SRIaS CTifs sttt R A6 Rs Rt hE T FEat
absorption in pafiesimpeseivingdhessiSoanpasitions Was B828% versus 62.76% in patients receiving
- placebo. '[Be mean percentage coefficient of nitrogen absorption was 87.2% versus 65.7% in patients
taking placebo and the mean number of stools per day decreased in respective patient groups from
2.66 to 1.77. ERQampleThs dddppetiatntcRimadevhetinithd téatmasicahied vattmetvaiyatEdthereffects of

less.

3. The composition of claim 1, wherein the moisture content is 2% or less.
15

4. The composition of ¢laim 1, wherein the coated particles exhibit a loss of

pancrelipase activity of no more than 15% after six months of accelerated stability testing.

5. The compesition of claim 1, wherein the coating further comprises at least one

20 plasticizer.

6. The composition of claim 3, wherein the coating further comprises 1-2 wt. % of at

least one plasticizer, based on the total weight of the coated particles.

25 7. The composition of claim 6, wherein the plasticizer is selected from the group
consisting of triacetin, tributyl citrate, triethyl citrate, acetyl tri-n-butyl citrate, diethyl
phthalate, dibutyl sebacate, polyethyiene glycol, polypropylene glycol, castor oil, acetylated

mono-glyceride, acetylated di-glyceride, and mixtures thereof.

30 8 The composition of claim 7, wherein the plasticizer is triethyi citrate.
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treatment with the compositions of Table 34 in an open-label study in 19 CF patients under the age of
seven in 11 CF treatment centers in the US - the first pancreatic replacement therapy trial of this size
conducted on young children and infants with exocrine pancreatic insufficiency. The study design
involved a seven-day dose 15 stabilization period followed by a seven-day treatment period; patients
received 5,000 lipase units per capsule daily, with the product being sprinkled on food as required. The
study's primary gndpoint,was.thesRRiFerags ofwirsaandeSrauiRseRatieRisyithaukexcess fat in

stools and without signs and symptoms of malabsorption after one and two weeks of treatment.

Secondary endpdmRasitieRly RreeeNR stGRISS O RItRTCRANsBR O WSS i N At Eonsistency,
incidences of blgatinggRainantilalupnes asusel g phixsicianiergparent or guardian judgment of
clinical symptoms improvement. Product safety was also assessed. The mean percentage of
responders, as defined in the study protocol, at screening (the beginning of the stabilization period
when patients wigte orTagxenipustidh phriehedtiovbazyme replacement therapy and prior to treatment)

s of reeoon i NS URARRGIRE ARd e Aol DI leAIm ek Reiade D mean

percentages of respondérs were 0 an respectively. Among the ren in the“study,

malabsorption syenhebarsxwidie. siephifidamajtiolves bt ebe erdrofmiratioawabuopeodltheth at screening,
consistent with glyservations seoarding anitte! of-malahsertian RRSYBRIAMEARE A thePhase I
trial described in Example 12, above. The pancrelipase compositions of the present invention were
also well toIeraﬁfﬁD’BV’ 8§§%éﬁ1’éﬁfs and no drug related serious adverse events were observed during

the trial. 19 The resuls shawad-at ter centResitiens affheRiesansfaventioneiiesivelypkantrolled
the signs and symptoms of malabsorptign and support the.results optained in the piyatal phase Ill trial
described n RS G BPe ot B B GUr B A1 B SHES PSP B 5ol of
symptoms withhifizozeprppgitkihdsé thefapresahy icalBritioncalasim pacwegvetisuseirdvio usdinerapies.
Example 14 A Phase lll opened-label, randomized, single,center, single treatment, crossover study
wvas carried ou P CU R e e 5 0
determine the Gastrélebedtirabtinaedilbisiitgrofciinst AQcodipos itionsoiridett corritayrakind chronic

pancreatifis Paigais With SYACENBRIRERAIS NI TAIRACKFXChONAY is: (BFatRB.RuRR inhibitors

(PPI' s), antacids, and drugs capablé of altering Gl mobility were discontinued 7 days prior to entering

the study. Patiistibriseat sedieied § 48! the €roERATS AL (e BT H R YRdRien e meteatittional

supplement avaiablesfearn Abhathaleng;ondnsime sté:Rkes:iv) inLaaxeination with 75,000 USP lipase
units (3 capsules containing 20,000 units.each plus 3 capsules containing 5000 units each) per
procedure. The capsHIES ?éléﬁ%%l'étﬂ ?ﬁ%ﬂiﬁﬁ?rgéi}me%mszéd’aﬂﬂﬁ%éﬁ?Fh‘LC%ff ERSId BiusTm
immediately beferamidministration. After a one-day washout period, this procedure was repeated,
except that patients who,prevjously received Ensure PlusTm alope received Ensure, 20 PlusTM in
combination with 75,\?)‘&5i %B{ Illsp%és{eecﬁenlg?%r% e[%?iu hts %ﬁé"ﬁﬁé’vr‘é’&‘s‘ﬂ}%ﬁéégﬂgéﬁtﬁ%hé’gifﬁﬁ?nation of
Ensure PlusTulitasid tigaBen pdesivet: EndydcoPs 4579 akbvienTitefpliowihgydaye, gatisntssbieived a
physical exam, uthBiood AkLIING sempleR el aRllacieddd e DioaVRARIIYALIG, compositions of
the present invention was estimated from the amount of the respective enzymes released and
recovered (i.e., 25 lipase, amylase, and chymotrypsin) in the duodenum following administration of the
composition in the prasenseREEDS e RIS Mhbiaaswene nisnichplgsxsiokinin levels in the blood,
and gastric and duodenal pH were also measured. Lipase activity was measured according to the
method Bt Corriere, F? BhrfRhiafas ARG GEE S L augier, R. Secretion and contribution to lipolysis
of gastric and pancreati¢.dipases dGdesngm iiameal in humans. Gastroenterology 1993, 105,
876-88. Amylase a hymotrypsin were measured according to the methods described in Catriere,
F.; Grandval, P.; Rgg'c?u%@ﬁg%rkg%,%i%%ﬁﬁ ;EQ Giallo, J; lienniges, F.; SanderStruolcmeier, S.;
Laugier, R. Quantitdtive) study *ofodigidstistemninpnrarsie bretibnrathd totabtreightestitaldipadydsis in chronic
pancreatitis %gpcicq%gstroenterol. Hepatol. 2005, 3, 28-38.  Treatment with the pancrelipase
compositions of the present invention was found to result in statistically significant greater amounts of
amylasé®lipase and 5chymotrypsin released in the duodenum of patients that received the

combination of Enstiig BhasddMancopanarelipasrsreprareddq batientsiibatreceived Fapdee PIUSTM
only (after conucting fg;/é)H as a confounding factor). The mean bioavailahility for lipase, amylase

and chymotripSiolifd R sEARS IHP LB Rt prtoxiday i RoRa 1o tESHStocol) was
27.5%, 21.6%icandayke40nt Yelespective e inkast imenidiHedthi patieaistettdatadwo different Gl pH
subpopulations ("normal pH" and "low pH"). For patients who had "normal pH" values (i.e., patients
with a mean duodenal pH greater than 4), the mean46ioavailability of lipase, amylase and
chymotrypsin was higher than for the entire study group: 45.6%, 26.9%, and 47.7%, respectively. No
difference in 15cholecystokinin values between the two treatments was observed. Because the
bioavailability for lipase, arnylase, and chymotrypsin differs for "normal pH" and "low pH" patients
(particularly for lipase), the efficacy of the pancrelipase compositions or dosage forms of the present

invention can be enhanced, e.g., in "low pH" patients, by co-administration of medications which
increace G nH 20 for evambnle PPI'e and antacide However the combpocitione or docane forme of the



All publications and patents or patent applications cited herein are incorporated by reference in their
entirety to the same extent as if each individual 30publication, patent, or patent application were
specifically and individually indicated incorporated by reference. CLAIMS |.A compaosition comprising
a plurality of coated particles, each said particle comprising a core coated with an enteric coating,
wherein the core comprises pancrelipase, and wherein the enteric coating comprises: 510-20 wt. % of

at least one entegic potypaeiRRskition bk 10 htalan Whessin RA6E: 3idpNte0is-based anthe total
weight of the coated particles, an%whﬁrei%%le coate ?gtgicles exhibit aﬁﬁss of pancrelipase enzyme

activity of no mdat9an PIBYICIATE 2Rt PR EITh A S ERRih 9, and wherein the

composition has a moisture content of 3% or less. 10 2. The composition of claim I, wherein the
composition has a water activity of 0.6 or. less., 3. .The.campositign of claim.1, wherein the mpisture
content is 2% olfess. LB F 1S BTOCEHEN 3r SHS T, P B e LRt A L B loss of
pancrelipase actvity of.no more than 15% after six months of accelerated stability testing. 5. The
composition of claim 1, wherein the coating further comprises at least one 20plasticizer. 6. The
composition of claim 5, wherein the coating further comprises 1-2 wt. % of at least one plasticizer,
based on the tot& weibht efmnedtered ‘ﬁaﬁideg’.hzﬁ'm‘gé CERpERRIRs SEcRInt6Yadherein the
plasticizer is selggtedifram the group consisting of triacetin, tributyl citrate, triethyl citrate, acetyl
tri-n-butyl citrate, diethyl phthalate, dibutyl sebacate, polyethylene glycol, polypropylene glycol, castor
oil, acetylated mono-glyceride, acetylated di-glyceride, and mixtures thereof 308.The composition of
claim 7, whereirsthe plEgliciagsdsidoeiidiaitralewirthethe paposilipmofiaitine pdrerelipdite core further
comprises at least one pharmaceutically acceptable excipient selected from the group consisting of a
binder, disintegrant, lubricant, glidant, diluent, and mixtures thereof 510.The composition of claim 9,
wherein thé hindeFhis satestatidnahclhengrouhecondistienfaoicgtalohesissulratsd oo de; swgar
alcohols, a Xy'§8ﬁ3$§§%§§§0ﬂ%‘s‘%‘a&&m&' fithalHe! Hg&@%::%%ﬁﬁl@ﬂgr?@elmgéf Geilloses,

hydroxypropylcellu xymethylcellulose sodium,alginic acid, and polyvinyl py’rrolido_ne; 10the

disintegrant is fseleseted Jroi sepelig sersitisgsrmpiEsiobalthaqstios phidedatdimeafeeatisum
phosphaje dihydrate. riRasic-cAlEaBophRsRIam R starch, alginic acid, hydroxypropylcellulose,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, cross-linked carboxymethylcellulose
sodium, swellable ion exchange resins, alginates, formaldehyde-casein, cellulose, croscarmellose
sodium, crosppyidonghmisrasiisiallife idim aollulbseisadivmeerrpshaamethyl starch, sodium starch
glycolate, starches, and rice s arlch'lt e Iul%gc nt@is selected from the group consisting of calcium
stearate, mag‘t%‘é@fﬂf%%?@gk‘teet, %88‘.&%8 Sgtgaryai ?umarate, stearic acid, zinc stearate, talc, and waxes;
the glidant is selected from the group consisting of colloidal silicon dioxide and talc; and 20the diluent

o roees qolbne srpamsiang oMol BRI, Al Albasls ERIRbiTRldEPnate
anhydrous dibasic calcium phosphate dihydrate, tribasic caicium phosphate, cellulose, lactose,
magnesium chpaemaaey ignel mierobfystalline cellulose. 11.The composition of claim 9, wherein the core
further comprises 251-4 wt. % of at least one disintegrant; 0.2-0.6 wt. % of at least one glidant; 2-6 wt.

% of at least one binder; and 0,2-0.6 wt. % of at least one lubricant, based on the total weight of the
coated particl%%. The composition of ciaim 1-18, wherein the pancrelipase has a ratio of protease fo

lipase activity of from 2.0-6.1.
25
21. The composition of claim 1-18, wherein the pancrelipase has a ratio of amylase to

lipase activity of from 1.8-8.2.

22. The composition of claim 1-18, wherein the pancrelipase has a ratio of amylase to

30 lipase activity of from 2.0-8.2.

23, The composition of claim 1-18, wherein the pancrelipase has a ratio of

lipase:protease:amylase activities ranges of from 1:10:10 to 10:1:1.
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30 12.The composition of claim 11, wherein the at least one disintegrant is croscarmellose sodium, the
at least one glidant’is colloidal silicon dioxide, the at least one binder is microcrystalline cellulose, and
the at least one lubricant is magnesium stearate. 46 13. The composition of claim 11, wherein the
core further comprises 0.5-1.0 wt. % of at least one plasticizer, based on the total weight of the coated
particles. 14. The composition of claim 13, wherein the at least one plasticizer is hydrogenated

Scastor oil. 15. Fhe cofposiionabeaimidmiheseintieif e GARSER AR 20MAind & @Ecre"pase-

1016.The composition of claim 1, wherein the pancrelipase is porcine pancrelipase. 17. The
composition of ERRE: Wﬁeﬁléﬂ%ﬁé‘@?ﬁgﬁé B’E)Iymer is selected from the group consisting of cellulose
acetate phthalate, hydroxypropylmethylcellulose phthalate, hydroxypropyl methylcellulose acetate
succinate, polyvinyl acetate phthalate, methacrylic 15acid-meth Qne hacrylate copolymers and
shellac. 18. The comﬁossqﬂtﬁ%gp é@?ﬁlipﬂsﬁ/ﬁ%%’iﬁ”t]ﬁfgﬂ @%?é‘r@%i ﬁ%’@%ﬁ%ﬁ%ﬁ?ﬂé&ﬁ@]cellulow
phthalate. 20147 jsé(crumygasititreafotiaityy 1-18, wherein the pancrelipase has a ratio of protease to
lipase activity of from 1.8:6.2. ijon of.clajm 1= rein the pancrelipase has a ratio
of protease to lipase a%ﬁelﬁy%dﬁﬁ%-gn{}ef%ﬂgg %gééiw*ﬁc\}? (@éﬁ(@ﬁﬁ?ﬁ%ﬁ%@ﬁ%%&v&ﬁgg n the
pancrelipase hdg.axaH6 @ildid pbse thrdipaeseydtivity of from 1.8-8.2. 22. The composition of claim
1-18, wherein the pangralipasediasa SalipAL AIRSSIOBRIRASLATIVEY SR 2858 24nd3- The

composition of claim 1-18, wherein the pancrelipase has a ratio of lipase:protease:amylase activities
ranges of from 26080t 38000 Hrfamydesaprti¥Bin@bsition of claim 1-18, wherein the pancrelipase has
combined fjpase, protegases-andamylaseigaivtiasief 35,000-#3300(0I5Q8 Pballipasevactivity,
8,000-34,000 IU of protease activity, and 8,000- 545,000 IU of amylase activity; 9,000-11,000 IU of
lipase activity, 315FQ9§01%97’0(98(&?@ BYGeEd % ivity, and 17,000-90.000 1U of amylase activity;
13,500-16,500 IU of lipase activity, 26,000-100,000 IU of protease activity, and 26,000-135,000 IU of

amylase activity, or 1018,000-22.000 IU of lipz tivity,,35,000-134,000 IU of protease activity, and
35,000 180,000 of B TREIR R bl P e e e e o e
coated particlesnasbpativindiapetticie thamagsrohdienran gadsh@cbatimg, verighthef deatiatedveight of the

coated ;4 particles is 15% of the total weight of the coated particies.

26.  The composition of claim 1-18, wherein the core of the coated particies has a
nominal particle diameter in the range of 1-2 mm, and the coating weight of the coated

particles is 22% of the total weight of the coated particles.

20

27. A dosage form comprising the composition of claim 1-18.
28. The dosage form of claim 27, wherein the form is a capsule filled with the
composition,

25
26, The dosage form of claim 28, wherein the capsule is comprised of a material
selected from the group consisting of a cellulosic polymer, hydroxypropylmethylicellulose,
starch, a polysaccharide, pullulan, and gelatin.

36 30. The dosage form of claim 29, wherein the capsule is comprised of

hydroxypropylmethyl-cellulose having a water content of 6% or less.
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15particles is 15% of the total weight of the coated particles. 26. The composition of claim 1-18,
wherein the core of the coated particles has a nominal particle diameter in the range of 1-2 mm, and
the coating weight of the coated particles is 22% of the total weight of the coated particles. 27. A
dosage form comprising the composition of claim 1-18. 28. The dosage form of claim 27, wherein the
form is a capsule filled with the composition. 29. The dosage form of claim 28, wherein the capsule is
comprised of a materighselegiad romihe grounigpnsistingief-a,ceilosic RAYMEY, comprised of
hydroxypropylmethylcellulose, starch, a polysaccharide, pullulan, and gelatin. 3030.Thé dosage form
of claim 29, Whéﬁ’é{ﬁ’?’fﬁ@@éﬁ%@%‘%ﬁﬁ?& 3 By WRSASFEY bRy CESRSlose having a water content
of 6% or less. 31. The dosage form of claim 30, wherein the capsule is comprised of
hydroxypropylmethyl-cellulgse having a water content.of 2% or less. .32. Use of the.composition of
claim 1 for prepsration 3 & mc CAMGAL Kot Gl by BTSPATIG & o SeLS s T dhgestive
enzyme deficiepoyéntagnarinadin meedatedrent) 38¢sThve aseyaccdetivignty dlaimn3@ymdiereirdtie
medicament furiher comprises a drug that increases Gl tract pH. 10 34. The use according to claim
32, wherein the medicament is administered in combination with a drug that increases Gl tract 35. The
use of claim 33 or 34, wherein the drug that increases Gl tract pll is selected 15from the group
consisting of preton pympughiRiergianehaniagids, Idelde tseplindaimRmZowhereimihadisaider is
cystic fibrosis. 37. The use of clajm 32, wherein the disorder is fat malabsorption in the mammal.
20 38,The use BELIARTHS WhEsiRthe medicament increases the coefficient of fat absorption in the
mammal. Z0. A method of preparing a pancrelipase composition comprising: coating particles of

25pancrelipaseyin 4, almosphgre NRving MO CRUENNOL 36 pvaler per mB or less, with a
coating comprising an enteric pcﬂ%mer and at least one inorganic material, ere%y ?ormlng a plfurallty
of delayed releadé pdrtigltst 40repes Kibtrst1t.claim 39, wherein the particles are coated with a
mixture of an 30enteric polymer dissolved in acetone and at least one inorganic material. 41.The
method of claim 39, wherein said at least one inorganic material is talc. 42.The method of claim 39,
wherein the plidiity oftietss/etciaidatbPatictberdahe fomsthis Bertsat 61 895 orlds s ater activity
of 0.6 or less, anghaxbibitspdasssaheazyree agivilyishibaiRaieithandh after six months of
accelerated stability testing. :

36. The use of ¢laim 32, wherein the disorder is cystic fibrosis.

37. The use of claim 32, wherein the disorder is fat- malabsorption in the mammal.
20

38, The use of claim 32, wherein the medicament increases the coefficient of fat

absorption in the mammal.
39, A method of preparing a pancrelipase composition comprising: coating particles of
25 pancrelipase in an atmosphere having a moisture content of 3.6 g water per m® or less, with

a coating comprising an enteric polymer and at least one inorganic material, thereby

forming a plurality of delayed release particles.

40. The method of claim 39, wherein the particles are coated with a mixture of an

30  enteric polymer dissolved in acetone and at least one inorganic material.

41, The method of claim 39, wherein said at ieast one inorganic material is talc.
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42. The method of claim 39, wherein the plurality of delayed release particles has a
moisture content of 3% or less or water activity of (1.6 or less, and exhibits a Joss of enzyme

activity of no more than 15% after six months of accelerated stability testing.
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