WO 2011/ 114224PCT/ 1B2011/ 000579 1 GASTRO RESI STANT ENZYME PHARMACEUTI CAL
COVPOSI TI ONS [ 0001] This application clains the benefit of U S. Provisional
Appl i cat iwo 2bioi/116204315, 814, filed March 19, 2010, whi chpcI/ihanebyos79

i ncorporated by reference. FIELD OF THE | NVENTI ON [ 0002] The present
invention generally relates to pharmaceutical conpositions (such as

tabl ets) conprising one or nore enzynes (for instance, pancreatic enzynes),
where the conposition is nonolithic or a single layer of nultiparticul ates
(such as mni-tablets, mcro-tablets, or prills), or where the conposition
has nmultiple layers with the outernost |ayer containing one or nore
enzynes. BACKGROUND [0003] Various di sease states of the pancreas produce a
condition in which insufficient pancreatic enzynies are available for

di gestive pEASHRARESISFIANT FNZ EHARMAGCEVTACAHL GOMBOSEXEONS e,
pancreatitis, pancreatectony, steatorrhea, and cystic fibrosis, can disrupt
~ the breakdown and absorption- of nutrients resulting in malnutrition.

Exogenou dm ni,ster ancreati ¢ enz S used tq treat pancreatic
Chourry o el hans anpheRERSURBL ferPaeRt et Prakiibel prnficion Rout ral
pH condi tg1903, §19UARdIMarth 953080 whith $SRdrél inbdig6ratcdastrefepericendi tions, these
orally adm ni strated enzynes general ly becone Irreversibly inactivated.

[ 0004] Several del ayed rel ease forns of orally adm nistered pancreatic
enzynmes have been proposed. Pancreatic enzynes can be fornul ated as gastric
resi stantgfy gf BVENSfON- S Patent Nos. 6, 051, 220; 5, 405, 621;

5,352, 46077 5, : : 2011/ 114224PCT/ 1B2011/ 000579 2 5, 260, 074).
Such conpositions may be resistant to gastric fluids, but fail to exhibit
sat i sf act[00§2]r el eEmeprpseat invertionFgenermip nglates teephiaemaceutioaltoechpositipas Guclons
often dissolye too late in the upper intestine to make the enz S

Unavai | atdablfis} SRmRISIAG R of GROE PRAYMERURoF FSFace RRRRFRIG SIS BRFSANE | ons
are of t enofRGkiBn tio MEHRARS of Gl $iMSle ARV BT tlltpaiticRles YhdaEKAkillabREs,
pancreas insufficiency because the upper regions of the small intestine in
t hese patmism-tablets, of palis)aor where tiSeeormpositionl hag ghultiple Tagerowititihe outemmasy - f our
hour anbuyl at or astric _and duodenal pH profiles in cystic fibrosis: effect
of duode yerﬁg%tg %ﬂet(ﬂ;%?‘feﬁmeéati c enzynme function and fat absorption,
J Pediatr Gastroenterol Nutr 1996, 23: 45-50; Carriere F, Grandval P, Renou
C, et al., Quantitative study of digestive enzyne secretion and
gastrointestinal lipolysis in chronic pancreatitis, din Gastroenterol
Hepat ol 200 3: 28-38; Youngberg CA, Berardi RR, Howatt W et al.,

Conpar i so@ﬁé’%ﬁﬁ&nt estinal pHin cystic fibrosis and heal t hy subjects,
Dig Dis Sci 1987, 32: 472-80; Zentler-Minro PL, Fitzpatrick W, Batten JC,
Nor t hf | ?L@od’ﬁ, Efy &5dusOllisbdb " sthRh U heA Pafiérbds PRodiideles UsonBiiRAE i ividicRci d
and |ipid concentrations in pancreatic Steatorrhoea due to cystic fibrosis,

Gut 1984, inggficisniOpancrepio OBjy@ssprsivailable faraligestise prpcesses sEndymecdefisiengyre

preparations.are kno (See U.S. . Patent Publi i X 1/.004 and
2003/ 0017af§19f)‘§e‘f:r‘8‘!§]‘§\-'\?‘?rn E%‘%Pqﬁ’a?a%"éé tsh 8 °‘F§g‘g¢%‘ﬁ‘gh§g°%‘r°é§‘%g’t %@e%ggaci di ¢
PH. HoweVebrosik,tan dishipst it breilidonar antdiabsorpliorcofsridrittesalting i mahmtrition.
difficult, and the cross-linking process may adversely affect enzyne

activity. Furthernore, crosslinldng enzynmes may resu::“(se in difficulties in

obt ai ni ngE¥eggneusly r3dmipistesids | Pangreatic); enzymiGs ¢ ks ben USed 19y JERgh ¢ PAIKIegHC

conpl i ant; LS. . i }%}' oTalsy &mfg}{' i i i me

m Xt ures lggdfggﬁg% elr)%fa&ﬁ&gg et ani na e?n"z%“?r%?t’ ?@ga%tr%g??%uﬂogﬁ!c@gg?%y

i nsuf fi cifonog ihathe shald ibtestinedi ddndes eghstGeconditRnsPabesat ortly @lngsistrated, and
U. S. Patent Publicatjan Nos. 2008/.0279839 and 2004/ 0057944).

[ 0006] er?"éﬁﬂe?gerlﬂ'ﬂ'y&”%@ﬁi‘ﬂ?vsefsﬂ ¥ Rac 3‘?'}8‘?‘el i pase dosage forms are

prescri bed for pancreatic insufficiency. Patients, however, nust swall ow
several ofoobfese S&zadeddifiedtreRas fotag. off Brallgnadminizesged pahdredtics enyynede
required to swallow 8 or nore dosage forns V\Dt2011( 114224PCT[ 1B2011/.000579
3 daily. Imayei bean ®HM9sedhncRancagatis cCRZYRIES %88 bpy @S 1§78t FSiRMber of
dosage fo L e 1 St (- C ¢ , . ins a
need for #%?%E%Qe(%ipﬁplﬁggg g??’oﬁggg%zrd’t% gg%’%ldoﬁ?%%‘?é%rss’ﬁrﬁsl%f ggg?o
pancreacti c enzyne deficiency. SUMVARY OF THE | NVENTI ON

CONFIRMATION COPY



[ 0008] The present inventors surprisingly discovered that conpacted,
uncoated tablets of enzynmes (such as pancrelipase) retain significant
enzymat i cwaebiwviigypseven after exposure to simnul ated gastciraB20ii/wod®. | n the
case of pancrelipase preparations, reduction or exclusion of typical

exci pients, such as enteric coatings, can result in approximtely 20-40%
reduction in size. Alternatively, the drug |oad of the preparations can be

signific i,acr e i sjimlar inecrease hn.Size, s_neduci ng
the nunber S0 4be SRPrerboS S ool bl nfpen AE) SRR DS B et
dose of eatiyfetoryl reRASY profildse. Fop spanpletenteritpsvatddi preparationk e d&s361RE too

i nvention, the enzynmes (such as pancreatic enzynes) act as active .

i ngr edi et iBsthgeinper dntestise g emalst theacpammes isiaailabley et theoflerined lagpsion: one
embodi e, @ty E%ﬁ@-&&é@@&oﬁa@&s‘%@&ds% bﬁexﬁn&ﬂ{éﬂ@%l@é’se%ﬁw?&gﬂ%e' i§( Phtients
conposi tion cénprising one or nore enzynes (e.d., pancrellpase

sel f - assewith exbesine Ipahdreds inhTieieagyrbecabsevthe gippert regions b ttievsmdlhintestipaid i cul ar

strength after conpacti.on than [ to, Cco tion. The conposjtiqgn is
typi cal | ﬁ??FaP?tiande r?if@’_t‘r g %ré"n&g%?ﬁl"b‘&gg&gat‘!yg?r 5-{}-’ n_ﬁWPWﬁBﬂPP’i Fat es
(such as a'iﬂHMzitﬁQﬁFé‘sftﬁcf alfll CaRydb Al @gzm.oﬁfes% Eystibs ﬁﬂx‘BFis.""‘%ﬂE& Qf‘%ugﬁen%]'lat' ple

[
units can be ev ually 1 ncorpora into, for exanple, a capsule.
conposi t ihyperasidity pngrintreatia enzyoeeiinstianand fah absoeptione f/eedédr Gavwokntent , t he

tablet s e | ' ated gastric.fl ui i s substanti al i, nt ai ned.
W hout - BERAOBE A 57> Grg A5 Fogranvil bokiion G ot e e ey 0B OF ha
upon admdiestivélehBfine 36crlidiE bnd F4ffoihtestinal MPelysRSinSERBhlc | PinclcBEisANCHy | N
Fig. 1) which contributes to gastro-resistance of the dosage form The

i nvent or astrpentgral ddpoiad 00hal: 28138 Weoengbprgr €AoBerandi RBhHewaitWF e al.,

substantial | Fi . . ahl v . t] C 1td ons
retain at@%%aﬁgéggm&gbﬁﬁﬁ& p}%ﬂ%&ﬁbﬁ&?%@%ﬁﬁ%&u gébcf)stl?}g?”asbcgut 80,
or about 198% 3%: 47280 Zantlér\WItmrePLi, Fitizpetrick W[ Baktten JOMorthfield TC, Effect of

2011/ 114224PCT/ 1B2Q11/ 000579 4 core of the pharppceutical conposition after
exposur e 1nGajeiuRl aidily gaAqueeuss phase bilgracid apd ilprr{ig Genrcentmpiions dB RANCECAC
enhanced - X gF=Talc {. Ls of the present invention,
the drug %ﬁ%@gﬁgﬁéﬁhﬁgﬁgt&%ﬁs?%ﬁﬁggh 'teslogf)n%ut 80, about 90, about 95, or
even about 99% or greater (based on the total weight of the conposition).

[ 0010] Thd 080y me Larapositiondicgawrising cngssrlmked eszymepreparationsoatic kaown (She

of “any of 0 onBoteBt Beicaicn NASYART BPusdP B DBt 2 ERD Crord o g huf BRER ™' "
cont ai NS gAGWAE lchRBRE residtincetd WoRtic FHN Hewéler,HRE effitGerf? préparation! ofl diessOr i gi n.

For instance, the pancrelipase can be of porcine origin. {yOOll] In a
pr ef er r edinked puoteinatis diffieulbandrthe stassdimkingprpesss maynadversgly- afiect eazyme,

anot her preferre odi ne . i c.Qr B QN ithic.
For otV oFuRBRolr o ibie RARLIES b, fll TR RGN SHIRRAL
dosage f aegala®be hapowl, wndc diffieditiedni | hei prddublii . ofT h®mplantregreteinscal

conposition can_ _be fornmed by conpacti.on gl a force of fromabout ,0.25 to
about 3. @WPQW]Wr%@,gaH@ EHFE9BIal NBANG MIXTYERS: a5 AR Alletnatiyedo (e g. |

cont ai ns %#gﬁ ¥ ut 0.5,
or about 451%?%}) e%?& lL){l}er?ggg 3%%&%@ lﬁ?@?ﬁ%@ r%ﬁ?%ﬂggr&ggrﬁe g{%ﬁi ;%s efe(ra‘g'(g)' of

bi nder arRitet Nesi ré@5Js220f . andh Ui Rabandi Peblicatiphe Nusnp200&/021983%  and
substantiglly.f of binder and substantially free of disintegrant. In
anot her éﬁt%épééﬁﬁp'the conposition is substantially free of binder and
free of disintegrant. In yet another enbodi nent, the conposition is free of
bi nder an@oeslpst aOidréitlyy ofall§dafinigirstle) ot dipase B&&F@I«Hﬁﬁfa&é phasyribddnfor
conposition is substantially free (e.g., contains less {han about 5, about
4, about mnceepticinspificignsy Patienss dgweverpmust swablgw: seyerabplthege dasagsdorms ent s,
or conple r 1P} . oXeYc Y

erbodi merpeh taL 38 an AR bllnds mep BEHIRCRISTBRIGR SmBleRI A s

2011/ 114224PCT/ 1B2011/ 000579 5 [ 0015] Anot her enbodi nent is a nonolithic,
conpact ed, gastro-resistant pharnaceutical conposition conprising one or
nore enzynes self-assenbled so as to enhance cohesion wthin the
conposition. The conposition is typically orally adm nistrable, and can be
a tablet, or a mni-tablet or nmultiparticulates such as prills which can be
i ncorporated into, for exanple, a capsule. The enzynes can be any descri bed
in the present application, such as pancrelipase. Furthernore, the
conposition can have a drug content of at |east about 65, about 80, about
90, about 95, or about 99% or greater, or can have a drug content of 100%
by weight. In addition, other pharmaceutically active ingredients can be
incorporated to obtain nultipurpose pharnmaceutical dosage forns.

~ . 1 o " 4= - - o




WO 2011/ 114224PCT/ 1B2011/ 000579 6 retains at | east about 40, about 50, or
about 60% of its activity, after exposure to sinulated gastric fluid for 1.
hour or 2wbaurigLi43Bhe prot eases nore preferably retain atrcirapzti/edems 40,
about 50, about 60, about 70, or abous 80% of its activity, after exposure
to simulated gastric fluid for 1 hour. These data can be obtained by

exposi ng the conpositions (e.g., tablets) to a particular volune of SG- or
SIF (see,, foryinstance,. the testin t hod bel . [ 0019] The, co sitiodcan
be direct y'cg%eélif%'ap{}ﬂcﬁ can E%Wﬁf%%nre B‘F‘B%a“\t,fy%h@; B’I’H‘g%(ﬂ?te‘h@gggg’%s about
3.0 T. [ GEé&Y st keidpfinistetedn can have a drug | oad of about 80, about 90,
about 95, or even about 99% by wei ght or greater. [0021] Preferably, the

conposition is substantially free of excipients, or conpletely free of

exci pi entl8007]002Ackerdingly.nthereorespaing, adreed et iraptoyed earme prepazasiopd Pt i on i s
not entery . : f iment is a conpacted

phar mcelﬁeﬁtglllaéXlg%gfggglﬁegggé%l%ﬁcg?%de@?leﬁ%e enzynes, where the
conposi tion has an enzyne drug | oad of at |east about 80% Preferably, the
conposition has a drug content of at |east about 90, about 95, or about 99%
or greater. The conposition is typically orally adm nistrable, and can be a
tabl et or, [Fgﬂuggréﬁiw as mni-tablets, mcro-tablets, or
prills), §‘€ € e units ean be eventually incorporated
into, for exanple, a capsule. The enzynes can be any described in the
present gpgdgjcat iThe pfes€il MVeRRCE@blisiAgly. dibeBeicd fight t OnaRted] AnCHtQT!
enbodi nent, the conposition is nqgt enterically coated. [0024] Yet anot her
embodi merteblets of eppyrags; (Byshcas R?@ﬁvﬁhea%hret@a&@lﬁqaetsmmﬂc petivibeeven afien)
conposi ti ;S e - a .enhance
cones; on PRRN fitdlied BRufY AL T HEIARS of Furct ARG BeBltafth o B

adm ni st roaleikelusian df appicdlexaipientd, aticlpas entéri¢ peatings, Waatresult mugppraxdmately

m ni -t abl et m ¢ro-tapl ets, prills), for ich _ope or multiple units
can be e ﬁ‘fQYaIrF HRB o ¥t e‘g{t?“}?tb‘fe&?’oﬁhe ‘&Eﬂggﬁ‘flpf fB? DISRETIUORS SRR B 0579 7
exanpl e, _sf’gxﬁﬁd%ﬁﬂk%cr&k%d SREOTES shdllaPicRade HESEE e rddicinBGhe nGRBEL of

appl i cation, such as pancrelipase. Preferably, the conposrtion has a drug
cont ent alosage forasi patlentimusiwalilowieaclpday fab thetsatie, dose ofxdnapmne99% or gr eat er .
Preferably, the conposition js substantially free of excipients, or

| | f i pi . di . pref. d_enbodj h
conposi ¢ 1L9091S  dp o8 ForfteElinomie Gbts ottt SRl imlefit o e erib RS [l xs ' 2°
conpact egapbrestidezyinesPdct @9 AEDRI ihinedicaRE8 Well &0h Bif@erind DpH-seAsiNVE Sel-

wherein the conposition is substantially free (or conpletely free)  of
exci pi entferming agent,One smbediment pf the piesedt invertiondsasompagied iphammpaseutial y

oral Iy admJu.si: : LRakiy Cud as
i i - ¢ bl SpoSbE Tofprdf GRrafoR, (Rplnel (G, WALl S AlShied 4ah 2
can be e\hattthalehyymesc hayeogreater] colresive ihter-pentizniat strerpth afist cempadtienethary nes
can be described in the esent apgllﬂi.cat Lon, S hagqsl,r{:)g%g)[el igase. -
Pr ef er abIRFOT 1A CORPATRD: t {1 8F CRTPOSILON 1ty HPMAL ¥ fira 1 e, 38 FAn &, 2 about
90, aboutiRey ordhul %Eul%&%/qméh%hgﬂittaen@tsgﬁﬁ&mblet_&,qs}%@mﬁtfoxam_t«.ﬂ%ﬁe or
embodi ment is a nulti-layer, conpacted pharmaceutical conposition

conpri si muléiple enitsrogas  beizgvenwually) inberponatedr it fomyesample, tehewapsbpodhe i on.

The conposition i s ically "orally.adm nistrabl and n tabl et or
it par coeRosiet Iy HRATE geshroreifanty e ik EiGA Bmbp ol TR sbfer fuep®y o,
whi ch one&j@alated %d'sﬁiceﬂluﬂi(SGFF #sudstafiidit maintaindd) CWithotBbeiflg bbbl by any
exanpl e, a capsule. Preferably, the enzynmes are self-assemdl ed_ such that
the enzyrisstiwardhepri the inventgesbelisve thag npemadministrationy anutar dayer isslopned i on.
The conpasgi . [ : ' Lol ] ' or
ror e of B Shoklh (0 REGHE! BPFi A3SUERH EREbAR, 0 APy GEROCLIB dod? T
60, aboutfoitfi, ThisdnvenBsts have abwm fiiundAbstdhe inner partiof theitablet is shbstantialgdry abl et

core after,. exposur i mul ated gastric f.l.uid for hqur . 27] Ye

ot her - AT IImEiR ek, D BteRaEs R compeTb THEh sC AR Abauna: A0 AR, o
one or NofRUESF,YABREL 60VHBOEH 70, laBSut! Sy OF absut DOV bPiNeiraktivitibs BethefintiriEier
and/or di sintegrant. WD 2011/114224PCT/ 1B2011/ 000579 8 activity after
exposure to pHof 1.2 at 37 Cfor 2 hours. In a preferred enbodi nent, the
| i pase of the pancrelipase retains at |east about 85 or about 90%of its
activity (e.g., in the inner dry core of the pharnaceutical conposition)
after exposure to pH of 1.2 at 37 Cfor 2 hours. In one enbodi nent, the
anyl ase and/ or protease in the pharnmaceutical conposition retain at |east
about 30, about 40, about 50, about 60, about 70, about 80, or about 90% of
their activities in the inner dry core of the pharnmaceutical conposition
after exposure to pHof 1.2 at 37 C for 2 hours. [0029] Yet anot her

I Y o o " o " o o o, -




[0030] I n any of the aforenentioned enbodi nents, the conposition may
conprise fromabout 1,000 to about 150,000 USP units of |ipase, from about
3,000 to wbaot1/3@24000 U prot eases, and from about 3, 00@ctraBzbouioss00, 000 U
anyl ases. In anot her enbodi nent, the ¢onposition conprises from about 2,000
to about 75,000 USP units of |ipase, from about 8,000 to about 250,000 U
prot eases, and from about 8,000 to about 250,000 U anyl ases. In yet another
enbodi ne CO f 0 0] 0 USP
ani 0 of presiidfe AHRASNLARoERRELT Bher S AEH el e R b 0D

‘about 8, Gofrst oBedmsﬁ otﬁilﬁb eﬂ&nbbchgydt@sasstaﬁwaﬂméeeorﬁpmﬁms dhedrésent is a
process for preparing a pharnaceuti cal conposrtron conprising one_or nore

enzynes. invealiRthe dryg,conicnt of thepempositipnacanche, ghaut §Pahout PP osbout 88, o
bst ant on erforned
2t 5 comeyehdhont oAl SRR Bn 8 GlsPh RN of hEEoBRRIAG' 20 r a g Lo one

preferred enbodi nent, the conpacted pharnmaceutical conposition is a tablet.
Accor di ndO@ld)]one Tﬁ)armkyxnescandrdxﬁgésﬁwahydmlascq:hhnromcmhddiméntctbwmzyméwn is
not enteri Calllé§0€(g§ 0032 .Yet anot her enmhodi ment.is.a thod%

treating 2 §F§¥s AYRSFSy ‘B’S‘Fe&dmo 3% A AW BWEPWE%% ﬁt&osr tion
of the Dirggihel Mickel fen i Rhitoalthity, o ABRpEGHdN LIARARGRELIBALL/ PROSTO 9
therapeutically effective amount of the pharmaceutical conposition is

adni ni st enzamestranfhsr eftpoysine e newpprsisictarigin.i For stapcaidhd pancripask c4noi3s3] | n
one enbodr iﬂ r%(?ncorrposr tion conprises pancrelipase. The patient may
suffer fr ng %9 or conpl ete exocrine pancreas insufficiency. The
exocrine pancreas insufficiency nay be concomtant with cystic fibrosis,
chroni c gedkl]eat iIh iaspreﬁaﬁed emhmﬁmt qled piymagputitalgeatpositioh és tm-0edtedyras s

surgery (e.g., astroen erostorry duct al obstruct on from
neopl asm?(i¢ g‘@" Pr F“? HRents the p Sompesifion s -wrpelit

pancr eat igomaf graemsemﬂoqﬂﬁég%%s@e% &r—‘ﬁn R0Red nidlitic d@sagge sﬁa{ as

controlling steatorrhea by admnistering to a patient In thereof a
phar maceani m&boactcﬂ’rpumohtlm\ tablett h&he rphsmmceutivad compositiom eae haofqm’sdtb)on

conprises pancreli ef erab ition is orally adm nistered.
[ 0035] Thé’oﬁw gq%‘i"ef’ﬁé‘oﬁlraé@@mh? iﬂ/%’r‘?f“?gﬁolﬁave di scovered that enzyme
preparations beconme gastro-resistant upon conpaction. Wthout being bound
by any pgodi2jul arpréfer®r Jythetdbﬁlpoﬁiﬁ@ﬁﬁ@ﬁﬁ)stdﬂﬁﬂrylﬂ?&(b@ ldohminaneks it dbdut

paragraph the theorized nmechani sm by whi he present invention is

bel i eved % @beipet aabeut rbouhdephant 4, Beoutdyd arrabout A% wry ek bindse aadior

sel f-ass C r I s from
vari ous CangeBHt opRokiifig TRALS URIRERP Hishgfalt b GRS EHBotpicHE the

associ at icompofidion .is sﬁbsnamtiallytfretl aﬁblddmsamb submmllyefreeaaﬁ dtsmtegm)t I:rt her
associ atlve b| ndi_n 7c-n interactions val vin rratlc rin

phenyl al ZAPthE ogw% CORRASItion; ig rlrb@@rla@[] E afts’oéreemrgf h +NH3
bet ween €- | S| y t o]

i nprove ?ihe sgagl I |¥§y@€ aﬁﬁ%egﬁg%gao al'ltthglegﬁgr J%@ﬁ‘frlggﬁéggﬁp%gﬁ %&?(e g.

t abl et ) . sBbstardtillydree of tisintegraitc st abili zation results in the protein acti ng
as a buffer and thus enhances gastric stability. [0036] The associ ative and

ionic int tio [ sensjtive. eudtj cal el

exhi bi t S[Wg”ﬁg Cﬁgt:‘efa%}?e:ﬂhe ?fgﬁ%d’.s@wg#? %llg)gt&g{?ﬂyﬁé; (;éfgr"d” Ug‘?é' r| C s%‘da%%ﬁl ty).

| n i nt ests, adbutf 4,Uibdut BoawER, abdig 1¢abos,i & shoat DY kewyleprertipieatscdr whi ch
triggers hydratr on, erosion of the pharmaceutical conposition, and

di si nt egreamplgtelyities of REciPiERSase WO 2011/ 114224PCT/ 1B2011/ 000579 10 of the
therapeutic enzymes. The enzymes thus act as a biol ogically active agent as
wel | as 30 der @é&éxdakg R fmlere%reavaﬁmouﬁﬂexﬁgﬁefcombgﬁazﬂ Reg aubRety %ot
conpacte crelipase Ttself acts as a binder and is gastro- resistant, a
t abl et widntcrmaliygmatéd cantly higher drug content can be obtained. Thus,
either a significantly |arger anount of therapeutic enzyne can now be
delivered in tablets of the sane size as prior art tablets, or smaller

tabl ets having the sane anmobunt of drug as prior art tablets can be used.
Furthernore, in many enbodi nents, an enteric coating is not necessary to
protect the enzytne fromgastric acidity. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0038] Figure 1 is an inage of the cross-section of a non-enterically coated
pancreatic enzynme concentrate (PEC) tablet with a self-coating formed after
exposure to sinulated gastric fluid for 1 hour. [0039] Figure 2 shows the

t hi ckness of the hydrated |ayer in tablets, prepared by the procedure
described in Exanple 1 having the sizes indicated in Table Xl I, after
exposure to SGF. DETAI LED DESCRI PTI ON [ 0040] As used herein, the term
"conprising"” is open ended and, in connection with

\od




a conposition, refers to the elenents recited. The term "conprising" as
used in connection with the conpositions described herein can alternatively
cover compoWilam=R4" consi sting essentially of' or "consipstriiayiohoostshe
recited conponents (e.g., pancrelipasg). [0041] As used herein, the term
"enzynes" refers to any pol ypeptide having catalytic activity. Cenerally,
enzynes may be available in powder or crystalline form typically as enzyne

t der i f il 5 . pl d_VO.
S0m 1/ 114 BB 1 AT OGRRPGITGt 118, by ionBNS ecroufefEis  BORFSSE e used.
Non- i m phaehaR¥@aital 6empésitdiz YomPridinge bHEl @r Fhdte ThizyiRes SANAREmbledAb2diogest i ve

enzynmes include, for exanple, |1pases, anylases and proteases. In one
enbodi nmesnhancecaliegient Withine the neompositioncr eThepacompoFitinnr il itypieadly( orally

"pancreatin: ). i cally incl I wdilpase, cand. e enz S.
Non- I i ni £ b’k‘seti%g‘?m Ad'cap B %g%ﬁ?tvg’%n@;'ﬁé%m%‘l @quﬁtqaﬂggﬁﬁspﬁ@ 4 s
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ri bonucl r Y - anyl ' ' t enase,
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sucr ase, or sgrastt, asre camridvany dragrivontnt @f bi0%nlyy ofeiglite flor adyditiorg. otheher

- non-limting exanpl.es of digestive enzynmes include exogenous enzynes such
as |3- ar‘rﬂ’h‘ ,ce'é‘g*)‘hﬁl aetve 4 eé‘ﬁ?ftscﬁ%i l?Fat‘PB‘?fP%qategnW ogbtﬂ‘l‘e @@PE&QP%.
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term "pancreatic enzyne® refers to any one of the enzynme types present in

t he pancrscipientsseccampletaly freeadf exsipiemis. afsaordingtsmne prefetrediembodiment, theur es

t hereof, or any extract of ncreatic origin having enzymatic activities,

such as ﬁ8W@P§§f?}fnéiﬁgaﬁﬁﬂggﬁﬁ?ﬁt enzyne can be obtai ned through

extraction fromthe pancreas (e.g., of porcine or non-porcine origin),

produced T[etulte']f i Cispldther Qmbsvdirméntedist roMueodlites Qdongiactedan ghstd-ReisRNEAS,

such as from m crobes, plants or ofher animal tissues. [0044]1n another

enbodi nepharmaggutifal compositian Spmprisingppanseedipase j Jhgep PAsSr FRMPLISEH o
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2011] 114224RA 3 BaALIL ORREY i ek QMersdoiiflis e EOEDILR dhupfid ases.
0-anyl ases, y-anylases, acid a-glucosidases, salfvary anmylases such as

ptyal i n. €Xhesedropl the surfangi af:the eompositiore The lihases,camidases, andsprofeasesdn pheesent

iy nseo e ot ComBraci BrPlnn el ke BUCRBIER AL
cheni cal loymipasitibh @cexpoyddas sinulgted ghsttic/flgid oheheafor HYML] | n anot her

enbodi nent, the digestive enzynme conprises proteases. The term "proteases”
refers to enzynmes that degrade peptide bonds. Protea are gener al

i dent i fi d80XA)" t hdp the inngr (dry)carg9f thescomposyigns descsi i%EO\ffe&q B%é%?ng

cystei ne M£%3%> rgépéﬂl,dﬁggﬁ Aeleddt! R sriRSa aBGtt BBV OR! i-hQﬁ'SQé“tivitg,n .

t hr eoni ne ases, a ne or sem -al kal 1 ne proteases, neutra

pept i dasasspettivehk rafien expdsateytoi simniatddagrissin flvid fot 2 miotirsn gllexprotekses infthe

prot eases include seLi pr ot eases, .t hreonjne pr.oteases, st ei ne

pr ot ease<LOMPORLPR; E“%E*ﬁ’gy ;)‘F@f"eégggésf ea%ﬁ“t L}Bat%agﬁe‘%s i"‘% Vlﬁ’e?ﬁ%/rl SPRBEEaLLs, and
gl utam c sRhkteagabEie TR foFndofases suitable for use in the conpositions of
the present invention include, but are not Iimted to ani mal proteases,
bacteri al Broteases, fungal proteases_(e.q an Asgergillus mel | eys

pr ot ease)[0018lant Mpes rrateeably, thelipase reisips #rleastabout 4 utb Abeut 60y abeut; i ed
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enzynme i s & porcine pancreatic extract conprising various pases (e.qg.,

| i pase arsppiure psimubated géstiic flpidafoedesr o2 doprst rThesamylasshmorst prefesably

car boxypepti dase A and B, el astase, and Idni nogenase), anyl ases, and
optionally nucl eases (ribonucl ease, deoxyri bonucl ease), chol esterol
esterase, and cofactors such as colipase. |In another enbodi nment, the

di gestive enzyne is substantially simlar to human pancreatic fluid. In yet
anot her enbodi ment, the digestive enzyne i s non-porcine pancrelipase. In
yet anot her enbodi nent, the digestive enzyne is pancrelipase of porcine
origin. In another enbodi nent, the digestive enzyne is pancrelipase USP. In
still another enbodi nent, the digestive enzynme is pancrelipase having a

| i pase activity of from about 69 to about 120 U USP/ ng, anylase activity of

e v I ~NA S 11 e e . e
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13,500 to about 16,500 IU,. the anylase activity ranges from about 26, 000
to about 135,000 IU, and the protease activity ranges from about 26,000 to

about 100,000 1U In.stjl ot h enmpodi , t.he lipase.activit anges
from aboﬁ?wfg,%gﬁasttoabg%ﬁb’ g@"‘ﬁoﬁi I‘lﬁ%tr@%logs‘g 3‘6’[\’{? i effer Sﬁb‘gg}lef ioom
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about 35,000 to about 134,000 IU. In still another enbodi nent, the |ipase
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the present,  inventjon can range fromabout 1.8 to about 6.2, for exanple
about 1. destisgasdhad Blaw). and about 2.0 to about 6.1. [0052]1n one

enbodi ment, the ratio of anylase : lipase in the PEP can be in the range of
- from abo to 0 3 f .

(enzymat iL[gOl;ng ay al:?fsalé%ren&’? gFl%g.g accor di ?Kgc 5@%@@%@@%&%@@%@ %? §t% hse :

| i pase i rabou). 2@ abant b8 Ti.n t he range of from about 1.00 to about 8.00, for
exanple fromabout 1.86 to about 5.13(enzymatic assay is perfdrned
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[0021] Preferably, the composition is substantially free of excipients, or completely

free of excipients.

[0022] According to one preferred embodiment, the composition is not enterically
coated.
1 [0023] Yet another enibodiment is a compacted pharmaceutical composition

comprising one or more enzymes, where the composition has an enzyme drug load of at
least about 80%. Preferably, the composition has a drug content of at least about 90,
about 95, or about 99% or greater. The composition is typically orally administrable, and
can be a tablet or multiparticulates (such as mini-tablets, micro-tablets, or prills), for
which one or multiple units ean be eventually incorporated into, for example, a capsule.
The enzymes can be any described in the present application, such as pancrelipase.

According to one preferred embodiment, the composition is not enterically coated.

[0024] Yet another embodiment is a monolithic, compacted, gastro-resistant
pharmaceutical composition comprising one or more enzymes self-assembled so as to
enhance cohesion within the composition. The composition is typically orally
administrable, and can be a tablet or multiparticulates (such as mini-tablets, micro-tablets,

or prills), for which one or multiple units can be eventually incorporated into, for
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example, a capsule. The enzymes can be any described in the present application, such as
pancrelipase. Preferably, the composition has a drug content of at least about 80, about
90, about 95, or about 99% or greater. Preferably, the composition is substantially free of
excipients, or completely free of excipients. According to one preferred embodiment, the

composition is not enterically coated.

[0025] Yet another embodiment is a compacted pharmaceutical composition
comprising one or more enzymes, wherein the composition is substantially free (or
completely free) of excipients and is not enterically coated. The composition is typically
orally administrable, and can be a tablet or multiparticulates (such as mini-tablets, micro-
tablets, or prills), for which one or multiple units can be eventually incorporated into, for
example, a capsule. The enzymes can be described in the present application, such as
pancrelipase. Preferably, the composition has a drug content of at least about 80, about
90, about 95, or about 99% by weight or greater.

[0026] Yet another embodiment is a multi-layer, compacted pharmaceutical
composition comprising one or more enzymes in the outermost layer of the composition.
The composition is typically ‘orally administrable, and can be a tablet or multiparticulates
(such as mini-tablets, micro-tablets, or prills), for which one or multiple units can be
eventually incorporated into, for example, a capsulé. Preferably, the enzymes are self-
assembled such that the enzymes have greater cohesive strength resulting from the
compaction. The composition is preferably gastroresistant. In one embodiment, one or
more of the enzymes retain -at least about 30, about 40, about 50, about 60, about 70,
about 80, or about 90% of their activity in the inner tablet core after exposure to

simulated gastric fluid for 1 hour.

[0027] Yet another embodiment is a pharmaceutical composition comprising a layer
of one or more enzymes, wherein the layer is substantially free of binder and/or

disintegrant.

[0028] Yet another embodiment is a pharmaceutical composition consisting of

pancrelipase, wherein the lipase of the pancrelipase retains at least about 80% of its
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activity after exposure to pH of 1.2 at 37° C for 2 hours. In a preferred embodiment, the
lipase of the pancrelipase retains at least about 85 or about 90% of its activity (e.g., in the
inner dry core of the pharmaceutical composition) after exposure to pH of 1.2 at 37° C
for 2 hours. In one embodiment, the amylase and/or protease in the pharmaceutical
composition retain at least about 30, about 40, about 50, about 60, about 70, about 80, or
about 90% of their activities in the inner dry core of the pharmaceutical composition after

exposure to pH of 1.2 at 37° C for 2 hours.

[0029] Yet another embodiment is a pharmaceutical composition consisting of
pancrelipase obtainable by compressing pancrelipase free of other excipients at a
compression force of from about 0.25 to about 3.0 T (e.g., from about 1.0 to about 3.0 T
or from about 1.25 to about 3.0 T).

[0030] In any of the afor.ementioned embodiments, the composition may comprise
from about 1,000 to about 150,000 USP units of lipase, from about 3,000 to about
300,000 U proteases, and from about 3,000 to about 500,000 U amylases. In another
embodiment, the composition comprises from about 2,000 to about 75,000 USP units of
lipase, from about 8,000 to about 250,000 U proteases, and from about 8,000 to about
250,000 U amylases. In yet another embodiment, the composition comprises from about
2,000 to about 40,000 USP units of lipase, from about 8,000 to about 160,000 U
proteases, and from about 8,000 to about 160,000 U amylases. -

[0031] Yet another embodiment is a process for preparing a pharmaceutical
composition comprising one or more enzymes. The method iﬁcludés compacting an
enzyme preparation free or substantially free of excipients. Preferably, the compaction is
performed at a compression force of from about 0.25 to about 3.0 T. According to one
preferred embodiment, the compacted pharmaceutical composition is a tablet. According

to one particular embodiment, the pharmaceutical composition is not enterically coated.

[0032] Yet another embodiment is a method for treating a digestive disorder by

administering a pharmaceutical composition of the present invention. Preferably, a
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therapeutically effective amount of the pharmaceutical composition is administered.

Preferably, the composition is orally administered.

[0033] In one embodiment, the composition comprises pancrelipase. The patient
may suffer from partial or complete exocrine pancreas insufficiency. The exocrine
pancreas insufficiency may be concomitant with cystic fibrosis, chronic pancreatitis,
post-pancreatectomy, post-gastrointestinal bypass surgery (e.g., Billroth I
gastroenterostomy), ductal obstruction from neoplasm (e.g., of the pancreas or common

bile duct), alcoholism, or pancreatic carcinomas.

[0034] Yet another embodiment is a method for controlling steatorrhea by
administering to a patient in need thereof a pharmaceutical composition of the present
invention, where composition comprises pancrelipase. Preferably, the composition is

orally administered.

[0035] The inventors of the preseht invention have discovered that enzyme.-
preparations become gastro-resistant upon compaction. Without being bound by any
particular theory, the inventors describe in this and the next paragraph the theorized
mechanism by which the pre.sent invention is believed to operate. The inventors believe
that the enzymes undergo self-assembly during the compaction process. The self-
assembly results from various types of ihteractions between protein chains, such as
hydrogen associations (e.g., from histidine, lysine, tyrdsine, and serine), other associative
binding (e.g., -t interactions involving aromatic rings of phenylalanine and tyrosine),
and ionic interactions (e.g., “=COO" with *"NH; between glutamate-lysine and aspartate-
lysine). These interactions also improve the stability of the shape of the pharmaceutical
composition (e.g., tablet). Furthermore, the ionic stabilization results in the protein

acting as a buffer and thus enhances gastric stability.

[0036] The associative and ionic interactions are pH sensitive. The pharmaceutical
compositions exhibit strong cohesion in acidic pH (and thus afford gastric stability). In
intestinal fluid, however, the carboxylic groups are deprotonated, which triggers

hydration, erosion of the pharmaceutical composition, and disintegration with the release
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of the therapeutic enzymes. The enzymes thus act as a biologically active agent as well

as a binder and pH sensitive swelling agent.

[0037] Because the corripacted pancrelipase itself acts as a binder and is gastro-
resistant, a tablet with a significantly higher drug content can be obtained. Thus, either a
significantly larger amount of therapeutic enzyme can now be delivered in tablets of the
same size as prior art tablets, 6r smaller tablets having the same amount of drug as prior
art tablets can be used. Furthermore, in many embodiments, an enteric coating is not

necessary to protect the enzyme from gastric acidity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Figure 1 is an image of the cross-section of a non-enterically coated
pancreatic enzyme concentrate (PEC) tablet with a self-coating formed after exposure to

simulated gastric fluid for 1 hour.

[0039] Figure 2 shows the thickness of the hydrated layer in tablets, prepared by the
procedure described in Example 1 having the sizes indicated in Table XII, after exposure
to SGF.

DETAILED DESCRIPTION

[0040] As used herein, the term “comprising” is open ended and, in connection with
a composition, refers to the elements recited. The term “comprising” as used in
connection with the compositions described herein can alternatively cover compositions

“consisting essentially of” or “consisting of” the recited components (€.g., pancrelipase).

[0041] As used herein, the term “enzymes” refers to any polypeptide having
catalytic activity. Generally, enzymes may be available in powder or crystalline form,

typically as enzyme concentrates derived from animal sources. However, plant and
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microbial derived systems can also be used. Non-limiting examples of enzymes include

digestive enzymes.

[0042] Digestive enzymes include, for example, lipases, amylases and proteases. In
one embodiment, the digestive enzyme is pancrelipase. Pancrelipase (or "pancreatin")
typically includes amylase, lipase, and protease enzymes. Non-limiting examples of
digestive enzymes also include lipase and 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, p-
amylase, cellulase, B-galactosidase, lactase, sucrase, isomaltase, and any combination of
any of the foregoing. Other non-limiting examples of digestive enzymes include
exogenous enzymes such as B-amylase, cellulase, and any combination of any of the

foregoing.

[0043] In one embodiment, the digestive enzyme is a pancreatic enzyme. The term
"pancreatic enzyme" refers to any one of the enzyme types present in the pancreatic
secretion, such as amylase, lipase, protease, or mixtures thereof, or any extract of
pancreatic origin having enzymatic activities, such as pancreatin. The pancreatic enzyme
can be obtained through extraction from the pancreas (e.g., of porcine or non-porcine
origin), produced artificially, or 6btained from sources other than the pancreas, such as

from microbes, plants or other animal tissues.

[0044] In another embodiment, the digestive enzyme comprises a lipase. The term
"lipase" refers to an enzyme that catalyzes the hydrolysis of lipids to glycerol and simple
fatty acids. Examples of lipases include, but are not limited to, animal lipase (e.g.,
porcine lipase), bacterial lipase (e.g., Pseudomonas lipase and/or Burkholderia lipase),
fungal lipase, plant lipase, recombinant lipase, chemically-modified lipase, or mixtures
thereof.

[0045] In yet another embodiment of the present invention, the digestive enzyme

comprises an amylase. The term "amylase" refers to glycoside hydrolase enzymes that
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break down starch, for example a-amylases, B-amylases, y-amylases, acid a-glucosidases,
salivary amylases such as ptyalin. The amylases suitable for use in the compositions of
the present invention include, but are not limited to, animal amylases, bacterial amylases,
fungal amylases, plant amylases, recombinant amylases, and chemically modified

amylases, or mixtures thereof.,

[0046] In another embodiment, the digestive enzyme comprises proteases. The term
"proteases" refers to enzymes that degrade peptide bonds. Proteases are generally
identified by their catalytic type, e.g., aspartic acid peptidases, cysteine (thiol) peptidases,
metallopeptidases, serine peptidases, threonine peptidases, alkaline or semi-alkaline
proteases, neutral and peptidases of unknown cétalytic mechanism. Non-limiting
examples of proteases include serine proteases, threonine proteases, cysteine pfoteases,
aspartic acid proteases (e.g., plasmepsin) metalloproteases, and glutamic acid proteases.
Proteases suitable for use in the compositions of the present invention include, but are not
limited to animal proteases,. bacterial proteases, fungal proteases (e.g., an Aspergillus
melleus protease), plant proteases, recombinant proteases, and chemically modified

proteases, or mixtures thereof.

10047] In one embodiment, the digestive enzyme is a porcine pancreatic extract
comprising various lipases (e.g., lipase and phospholipase A2), proteases (e.g., trypsin,
chymotrypsin, carboxypeptidase A and B, elastase, and kininogenase), amylases, and
optionally nucleases (ribonuclease, deoxyribonuclease), cholesterol esterase, and
cofactors such as colipase. In another embodiment, the digestive enzyme is substantially
similar to human pancreatic fluid. In yet another embodiment, the digestive enzyme is
non-porcine pancrelipase. vln yet another embodiment, the digestive enzyme is
pancrelipase of porcine origin. In another embodiment, the digestive enzyme is
pancrelipase USP. In still another embodiment, the digestive eniyme is pancrelipase
having a lipase activity of from about 69 to about 120 U USP/mg, amylase activity of -
greater than or equal to about 216 U USP/mg; protease activity of greater than or equal to
about 264 U USP/mg, and total protease activity of greater than or equal to about 264 U
USP/mg.



21700 2150 1.98 0.196 13 M n 22500 9800 280 0.43 0.012 Max 27500 54300
5400 1.98 0.196 14 M n 36000 15600 450 0.43 0.012 Max 44.000 86900 8600
1.98 WO 2011/114224 PCT/IB2011/000579

. 13

[0048] In one embodiment, the compositions of the present invention can comprise
one or more lipases (i.e., one lipase, or two or more lipases), one or more amylases (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 and colipase 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.

[0049] Lipase activities in the compositions of the present invention can range from
about 1,000 to about 150,000 International Units (U). Amylase activities in the
compositions of the present invention can range from about 3,000 to about 500,000 U.
Proteases activities in the compositions of the present invention can range from about

. 3,000 to about 500,000U. In another embodiment, the composition comprises from about

2,000 to about 75,000 USP units of lipase, from about 8,000 to about 250,000 U
proteases, and from about 8,000 to about 250,000 U amylases. In yet another
embodiment, the composition comprises from about 2,000 to about 40,000 USP units of
lipase, from about 8,000 to about 160,000 U proteases, and from about 8,000 to about
160,000 U amylases.

[0050] Lipase activities in the compositions can be from about 3000 to about 25,000
IU, from about 4500 to about 25,000 IU, for example from about 4500 to about 5500 IU,
from about 9000 to about 11,000 IU, from about 13,500 to about 16,500 IU, and from
about 18,000 to about 22,000 IU. Amylase activities in the compositions can be from
about 8100 to about 180,000 IU, for example from about 8000 to about 45,000 IU, from
about 17,000 to about 90,000 IU, from about 26,000 to about 135,000 IU, from about
35,000 to about 180,000 IU. Protease activities in the compositions can be from about
8000 to about 134,000 IU, for example from about 8000 to.about 34,000 IU, from about
17,000 to about 67,000 IU, from about 26,000 to about 100,000 IU, from about 35,000 to
about 134,000 IU. In one embodiment, the lipase activity ranges from about 4500 to
about 5500 IU, the amylase activity ranges from about 8000 to about 45,000 IU, and the
protease activity ranges from about 8000 to about 34,000 IU. In another embodiment, the
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94,000 USP Units [0068] Excipient-free tablets were prepared by direct
conpression of 500 ng of active substance (having the enzymatic activity
for |ipaswp2priotierses and anyl ase as mentioned in Tabl eptY/IB1GI@s® With a
dianeter of 9.7 mm [0069] Snall er tabiéets as indicated bel ow were al so
prepared. Each size of smaller tablets were prepared in sufficient nunber
such that their total had an overall nass close to 500 ng. (equivalent to
one 9. 7 rmteabtet—Fabtet—20—+p{(34—rni—tablets—Fablet—40—mwr{8—

t abl et s) Tabl et| 6. Maxm (4 1200t ) ‘Zém(bt 0. 7211150(1 tabllécS) O 0.196

2011/ 1147Z2BCT7 [BZQ LT/ 0005 £9 T[Eva Ci pi epr- Free
Pancr eat|i ¢ Enzype | et aé@s(ﬁgf ere% Tabl et bg@nt di n| 94520% albégm ients
in Sinullated GastrhgaxFl Ui d2asgh Si mJISagmj | Int egjgignal igg [0070hThe enzyne

activit y—efthelexecipi B@ampl—e—y—an refefrence—uncpat ed
t abl et s |conttdai n nngm p| er36§00/vas e\léB(Mht ed i A5G myl at 6di3Gastiri .02 ui d
(SGF) and Si nmul T TSP as_gescrroe e ow—I1T:
reference tablets ai ned‘f@d(b §§Q)91| tls of i pdse ?930 000 98P0 unjts of

anyl ase, and 30,000 USP units of prot eases and apprOX| mately 40% w w of
pharmaceuti cal excipients. The ref erence tablets were prepared by di rect

conpr essi The resul t are, | n Tables || hods 1] Tabl et s
wer e mai r[&;ﬁled i eéergb t P t"(%y‘ﬁ‘ﬂs‘cémtsp@‘fé/g Wf[ @BY#¢e) at pH
6.8 at 1 oeiRihFRIREhEIE %%Hno%ﬂﬂéﬁp%ﬂ&reﬁ@is@i@&ﬁ@h&&&s&%ﬁgt tial L1 Pase,

anyl ase, and "proteases activities of ea re neasured over tine
usi ng t heate lsmirthptao 16 quDﬁglycemdheﬂkage 1s:hydraly|zed peraﬁnmteelmiabﬂhet t hat was

till d t th di sspl ut ti d
dsing_¢ néoRSerses B ds e ded ahBt R e DS E cnoyres.
Resul ts [Ptaﬁarahﬁdse (EXE200980iteld"Stites PlRdrbSopil I/ RatGHl Fbﬂﬂﬂéﬂymw | i pase,

anyl ase and protease activity follow ng} exposure to the sinulated gastric
and i nt ednqorpgrated heein bﬂﬁ&rfmqeeélmws@ ngof bpaseiaghiviey iscontaineg imthe 41. 83%

I
for | 5° hodnigutl P oplupReihRedds |, (UL B perfiful ol S0 BIESTRE, | © Poe
tabl ets nmﬁafthedondi\mﬁﬁlafftlwAskaﬁmrhpﬁsﬁ &daw&jdﬁrbm the Dfficidl Monogzhph fr0073] Low

| evel s of enz CtIVI were retajned in,t reference tabhlets where the
active pr.anetieép@e%&@e F09 it tsnatshgﬂ%%mef %@@Lf%m Wary??) pi ents. I n

t he pres i 1S cénthin an
activit yq &étfggg%ﬁ]%)n%%% llzliégt ﬁ}etlg@gﬁlﬁegg ﬁ é F?g}é{? i pr ot g%g‘gge and
anyl ase. ammmﬂ' ¢BiancielipBeviraRadér\the eonditions loOtheCtsdp ﬁAﬁE}tm lagtivisy fabin
EXCI Pl ENT- FREE . LET AND FER NCE B condi t.i ons Percent
Activity t}(x & Of %l; O?ng?ﬂh rfmc§ 1nask @5539 Bmte&) kglttes%armacopela

32/National Formulary 27) incorporated herein by reference, hydrolyzes casein atan

initial rate such that there is liberated per minute an amount of peptides not precipitated

by trichloroacetic acid that gives the same absorbance at 280 nm as 15 nmol of tyrosine.

[0055] Below is a table for converting units of amylase, lipase, and protease.

Conversion values for units of enzyme activity
Amylase  1PhEurunit equals1FIPunit equals1BPunit equals4.15 USP units
Lipase 1 PhEur unit equals 1 FIP unit equals 1 BP unit  equals 1 USP unit
Protease 1 PhEur unit equals 1 FIP unit equals 1 BP unit* equals 62.5 USP units

*Only free protease for pancreatin; total protease for pancreatic extract.

BP—British Pharmacopoeia; FIP—Federation Internationale Pharmaceutique; PhEur—



Exanple 1 Reference tablet Initial Activity 100 100 Activity After Exposure
To SGF, for 1 H 87.1 0 Activity After Exposure To SGF for 2 Hs 92.5 0
Activity wbber/Expesure To SGF, for | hrs and SIF, for OPETHB2@#06ds® TABLE
11 COVPARATI VE EVALUATI ON OF PROTEASES ACTI VI TY OF EXCl PI ENT- FREE TABLET
AND REFERENCE TABLET Di ssol ution conditions Percent Activity (relative to
initial activity) . Exanple 1 Reference tablet Initial Activity 100 100

Activity After Exposure To SG-, for 1 H 75.17
European Pharmacopoeia.

[0056] The total amount of digestive enzymes (by weight) in the compositions or
oral dosage forms of the present invention can be from about 65 to about 100%, from
about 80 to about 100%, fro.m about 90 to about 100%, from about 95 to about 100 or
about 85%, about 90%, about 95%, or about 100%, inclusive of all ranges and subranges
therebetween. In one embodiment, the total amount of digestive enzymes is from about
80 to about 100%. In another embodiment, the total amount of digestive enzymes (e.g.,
pancrelipase) ranges from about 90 to about 99% (e.g., about 98%).

[0057] In one embodiment the dosage forms of the present invention comprise at
least one digestive enzyme, have a moisture content of about 10% or less, about 5% or
less, about 3% or less, about 2.5% or less, about 1.5% or less, or about 1% or less,
inclusive of all ranges and subranges therebetween (e.g., any of about 2.5% to about 3%,
about 2% to about 3%, about 1.5% to about 3%, about 1% to about 3%, about 2% to
about 2.5%, about 1.5% to about 2.5%, about 1% to about 2.5%, about 1.5% to about 2%,
about 1% to about 2%, and about 1% to about 1.5%). Compositions 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. Moisture content can be measured by loss on drying (LoD) USP method.

[0058] In yet another embodiment, the compositions exhibit a loss of enzyme
activity measured in the inner core of the composition of no more than about 25%, no
more than about 20%, no more than about 15%, no more than about 12%, no more than
~ about 10%, no more than about 8%, or no more than about 5%, after being submerged in

simulated acidic solution for 1 hour at room temperature.

[0059] The term “simulated gastric fluid” (or SGF) refers to a gastric fluid solution
prepared as follows: Dissolve 2.0 g of sodium chloride in 7.0 mL of hydrochloric acid
and sufficient water to make 1000 mL. This test solution has a pH of about 1.2. See U.S.
Pharmacopeia 29" Ed,, Test Solutions, Simulated Gastric Fluid.



7.05 Activity After Exposure To SGF for 0.5 Hrs 84.1 15.03 Activity After
Exposure To SG~, for |hr and SIF, for 0.5 H ' 79.16 7.68 TABLE |V
COVPARATIWE 26MA1 AT ON OF AMYLASE ACTI VI TY OF EXCl Pl ENTPERER20TABIOED AND
REFERENCETABLET Di ssol ution condition$ Percent Activity (relative to
initial activity) Exanple 1 Reference tablet Initial Activity 100 100 WO
2011/ 114224PCT/1B2011/ 000579 23 Activity After Exposure To SGF, for 1 Hr-

70.79 11. AB6ACt I Vi 1! WimMsPASHISind e (& st Hefors o 88 intestinal fluid
solution prepared as follows: Dissolve 6.8 g of monobasic potassium phosphate in 250
mL in water, mix, and add 77 mL of 0.2 N sodium hydroxide and 500 mL of water.
Adjust the resulting solution with either 0.2 N sodium hydroxide or 0.2 N hydrochloric
acid to a pH of 6.8 + 0.1. Dilute with water to 1000 mL. See U.S. Pharmacopeia 29™
Ed., Test Solutions, Simulated Intestinal Fluid.

[0061] The compositions of the present invention can be prepared into or
incorporated into any suitable oral dosage form. ‘Non-limiting examples of suitable
dosage forms include tablets or multiparticulates (such as mini-tablets, micro-tablets, and
prills), for which one or multiple units can be eventually incorporated into, for example, a
capsule. In a preferred eml;odiment, the pharmaceutical composition is in the form of
tablets. In a more preferred embodiment, the tablet is free of or substantially free of

excipients and is not enterically coated.,

[0062] The composition (e.g., a mini-tablet or tablet) can have a diameter ranging
from about 0.5 to about 15 mm, from about 2 to about 10 mm, or from about 4 to about
10 mm. For example, the diameter can be about 2, about 4, about 6, about 8, about 9.7,

or about 10 mm. The tablet diameter can be measured, for example, with a caliper.

[0063] The term “excipient” refers to any inert substance added to a pharmaceutical
composition. Non-limiting examples of excipients include those excipients described in

the Handbook of Pharmaceutical Excipients, American Pharmaceutical Association, 6%

Ed. (2009). Excipients can include, for example, fillers such as saccharides, for example,
lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or calcium phosphates,
for example, tricalcium phosphate or calcium hydrogen phosphate, binders, such as,
starch, using, for example, maize starch, wheat starch, rice starch, potato starch, gelatin,
methyl cellulose, hydroxy-propylmethylcellulose, sodium carboxymethylcellulose, and/or
polyvinyl pyrrolidone, and/or polyethylene glycol, auxiliaries such as flow-regulating
agents, and lubricants, for example, silica, talc, and/or stearic acid or salts thereof, such as

magnesium stearate or calcium stearate.



O Activity After Exposure To SG-, for 1 hr and SIF, for 0.5 Hr 80.28 13.83
Activity After Exposure To SIF, for 0.5 H 86.25 34.20 EXAMPLE 3:

Eval uat i omoabii/iipzse activity determ ned on the entire tabiBo1abiosTy
exposure to SGF at various time interMwals. [0074] Tabl ets prepared in
Exanple 1 and Reference Tablets as described in Exanple 2 were exposed to
5GF for 30, 60, and 120 mnutes, and the |ipase activity of the entire

I ti | et r l.uat ed. The r. t h i.,n Tahl e. V bel ow.

TRoLE v AR B\ SYBHE’, S ok T 1 e Rl Dhla Rt eyl ke

COVPACT! @8nfpbsitioh Te.B) tatiet), frppicallyefor ity Iﬁlﬂgbsienﬂ‘%ﬁot@@ﬁﬂgéﬂhg lg.cﬁ\?éﬁ GFmosur eto
mn

SGF (%reported to the initial value,) 30 mnin S ' 120 min
SGF Exci piragitsubstencet preseat ip dhe epmposition agaigstdegradation, yov providez adesiged + 3. 9

Ref er encg.f.3hl ﬁ%he&n%i] b cmlé]glb@éﬁi:@éfé?taﬁ)rﬁnistpan%npto%gk%e taste or odor of the

drug substance, or for aesthetic purposes. The coating may consist of for example, sugar

coating, film coating, or entpric coating. Sugar coating is water-based and results in a
thickened covering around a formed tablet. A film coat is a thin cover around a formed
tablet or bead. Unless it is an enteric coat, the film coat will dissolve in the stomach. An
enteric-coated tablet or bead will pass through the stomach and break up in the intestines.
Water-insoluble coatings comprising, for example, ethylcellulbse, may be used to coat
tablets and beads to slow the release of drug as the tablet passes through the
gastrointestinal tract. Hydro;(yethyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, methylcellulose and ethylcellulose are examples of film coatings.
Enteric coatings may comprise, for example, cellulose acetate phthalate, shellac,

methacrylate polymers, and alginate.

[0065] The term "treatment" or "treating" means any treatment of a disease or
disorder in a mammal, including: preventing or protecting against the disease or disorder,
that is, causing the clinical symptoms not to develop; inhibiting the disease or disorder,
that is, arresting or suppressing the development of clinical symptoms; and/or relieving
the disease or disorder, that is, causing the regression of clinical symptoms. The term

“mammal” includes human subjects.

[0066] The following examples are given as specific illustrations of the invention. It
should be understood, however, that the invention is not limited to the specific details set
forth in the examples. All parts and percentages in the examples, as well as in the

remainder of the specification are by weight unless otherwise specified.

[0067] Further, any range of numbers recited in the specification or paragraphs
hereinafter describing or claiming various aspects of the invention, such as that
representing a particular set of properties, units of measure, conditions, physical states, or

percentages, is intended to literally incorporate expressly herein by reference or



EXAMPLE 4: Eval uation of Friability and Hardness of Exci pi ent-Free Tabl et

Di gestive Enzyne Conpositions [0075] Excipient-free tablets were prepared as
descri bedwonofBxasphe 1 and were conpacted usi ng conpresgconBiorems7of 1.0 -
3.0 T. The friability and hardness of20each tablet were neasured. The
results are provided in Table VI. WO 2011/114224PCT/ 1B2011/ 000579 24

Met hods [0076] All tablets were prepared 24 hours before testing hardness

and friabjl]| hat.dne (kp was red. uysi an.aut tic
Fobi et hiskise, ¢i3CAhBET b flnd SUBASH RN R T IBAT 4o ubiet P ARt S

r epr esentrargpes svstumed withirbaryerafigy oveditel. Wi th 10 tabl ets each. [0078] Tabl et
friability was determ ned using standard nethods with an automatic
friabilator. Percent friability of each tablet was cal culated fromthe
anount of tablet weight |oss due to instrunent rotation cycles as
indicated in USP nethod no. 1216. The reported results represent an average
of 5 measurenents. Results [0079] ThgaAvippps! ity of excipient-free tablets
was shown to decrease with increasing conpression force used to prepare the
tabl ets. The hardness for the tablets increased with increasing tabl et
conpr essiEORAMRIGE 1: Sui t Hxcipient-EuseDigestive Enzymg Tabletare net in tablets
prepared using a conpression force of 1.0-3.0 T. TABLE VI /F FRIABILITY

- AND HARDNESS OF EXCI Pl EN1 FORMULATI ON''  COVPRESSI ON FORCE (T) FRIABILITY (%

HARDNESS (cl)) Exanple 1 (1.0 T) 8.33
TABLE I

Excipient-Free Tablet (500 mg tablet)
(Obtained by Direct Compaction at 2.5T)

Tablef Components Amount
Lipase 25,000 USP Units
Amylase 94,000 USP Units
Protease 94,000 USP Units
[0068] Excipient-free tablets were prepared by direct compression of 500 mg of

active substance (having the enzymatic activity for lipase, proteases and amylase as

mentioned in Table 1) in a die with a diameter of 9.7 mm.

[0069] Smaller tablets as indicated below were also prepared. Each size of smaller
tablets were prepared in sufficient number such that their total had an overall mass close

to 500 mg. (equivalent to one 9.7 mm tablet).

Tablet 2.0 mm (34 mini-tablets)
Tablet 4.0 mm (8 tablets)
Tablet 6.0 mm (4 tablets)
Tablet 9.7mm (1 tablet)



Mean 5.3 Exanple 1 (1.5 T) 0.35 Mean 7.0 Exanple 1 (2.0 T) 0.30 Mean 8.4
Exanple 1 (2.5 T) 0.20 Mean 8.3 Exanple 1 (3.0T) 0.20 Mean 10.1 Reference
t abl ets OwbOkoiMeawe211. 7 WO 2011/ 114224PCT/ 1B2011/ 000579 r23/1BBAE0JoEXANVPLE 5:
Mechani cal behavi or of Exci pient-freelTabl ets Exposed to SG-. The

mechani cal behavi our of the excipient-free tablets subnerged in SGF is
shown in Table VII. Methods [0081] The exci pi ent free tablets were prepared

oS Sesct pRipLER < j@”g@ sy %ﬂ e “@é»&,@?ﬁ}ﬁ'a@m oree,
YT %

a solution of SGF (50 "g‘fg‘ls‘ AR o4m wed by
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exposure for 0, 30, 60 ed; %‘ettw g)t pH 6.8 at room

sor at aitbpellen: Tieerme eptbketie SrepicRikin wbly %@X&wﬁ%ﬂ“’%& whirenee 1"
di si nt egnafebfBd @Jblétb %ox‘ﬁéfﬁir% S pibrits ab %%lﬁt&t%d Qf @ﬁ?ﬁfa%daéés%c FHha fe§g§
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for inte
proteases and approximately 40% w/w of pharmaceutical excipients. The reference

tablets were prepared by direct compression. The results are shown in Tables II -V,

Methods
[0071] Tablets were maintained in a solution of SGF (50 mL) at pH 1.2 or SIF (50
mL) at pH 6.8 at room temperature with constant rotatory stirring (50 rpm). Lipase,
amylase, and proteases activities of each sample were measured over time using the inner
part of the tablets (i.e., a part of the tablet that was still dry and not hydrated by the
dissolution media). Evaluation was done using the pancrelipase USP monographed

methods for all three enzymes.

Results
[0072] The excipient-free tablets maintained significant lipase, amylase and protease
activity following exposure to the simulated gastric and intestinal fluids. Specifically,
92.5% of lipase activity and 41.83% amylase activity was maintained in excipient-free
tablets exposed to SGF for 2 hours. 79.16% protease activity was observed in the
excipient-free tablets immersed in SGF for 1 hour followed by 0.5 hour in SIF.

[0073] Low levels of enzyme activity were retained in the reference tablets where
the active principle was mixed with pharmaceutical acceptable excipients. In the presence
of intestinal fluids, the reference tablets exhibited an activity loss exceeding 75% activity

for each of lipase, proteases and amylase.



BEHAVI OUR OF EXCI Pl ENT- FREE TABLET COWRESSED AT A: 1.0 - 2.5 TORB: 2.5 -
5.0 T AND EXPCSED TO SI MULATED GASTRI C AND SI MULATED | NTESTI NAL FLUI DS FOR
VARI OUS I'WOBRMAL®20F TI ME Tine tablets were exposed to BGFIB2orgodoanl et s
wer e exposed to SIF Residue of tablet® conpacted at force range A (%

Resi due of tablets conpacted at force range B N30 mn O min 90%of initial
tablet 90% of initial tablet 30 mn. 80%of initial tablet 80%of initial
t abl et

60 mn 20% of initial tabl e,gA#lﬁPb:t deformation and fragility
observed) 50% of initial tab]et blet is conpletely disintegrated

tabl et i s QCOMPARATIVE EVAI2IABION OF LIPASE ACTIVITY OF EXCIPIENT-FREE
TABLET AND REFERENCE TABLET
. Percent Activity
Dissolution conditions (relative to initial activity)
Example 1 Reference tablet
Initial Activity 100 100
Activity After Exposure To SGF for
1 Hr -87.1 0
Activity After Exposure To SGF for
2 Hrs 92.5 0
Activity After Exposure To SGF, for
lhrs and SIF, for 0.5 Hr 94.4 0
TABLE III

COMPARATIVE EVALUATION OF PROTEASES ACTIVITY OF EXCIPIENT-
FREE TABLET AND REFERENCE TABLET

Percent Activity

Dissolution conditions (relative to initial activity)

' . Example 1 [ Reference tablet
Initial Activity 100 100
Activity After Exposure To SGF,
for 1 Hr 75.17 7.05
Activity After Exposure To SGF for
0.5 Hrs 84.1 15.03
Activity After Exposure To SGF, for 1hr
and SIF, for 0.5 Hr 79.16 7.68

TABLE IV

COMPARATIVE EVALUATION OF AMYLASE ACTIVITY OF EXCIPIENT-FREE
TABLET AND REFERENCETABLET

Percent Activity
Dissolution conditions (relative to initial activity)
Example 1 Reference tablet
Initial Activity 100 100




60 mn O mn 80%of initial tablet 80%of initial tablet 30 mn 40% of
initial tablet 50%of initial tablet 60 mn 20% of initial tablet 30% of
initial twbl2et1/11¥42011/114224PCT/ 1 B2011/ 000579 26 (t @oiraB20deb@sToRt | ON
and fragility observed) (tablet defor2sation and fragility observed) 120
mn tablet is conpletely disintegrated tablet is conpletely disintegrated
120 mn O mn

Activity After Exposure To SGF, for

1 Hr 70.79 11.42
Activity After Exposure To SGF for

2 Hrs 41.83 0
Activity After Exposure To SGF, for

1 hr and SIF, for 0.5 Hr 80.28 13.83

Activity After Exposure To SIF, for
0.5 Hr 86.25 34.20

EXAMPLE 3: Evaluation of lipase activity determined on the entire tablet after
exposure to SGF at various time intervals.

[0074] Tablets prepared in Example 1 and Reference Tablets as described in
Example 2 were exposed to SGF for 30, 60, and 120 minutes, and the lipase activity of

the entire resulting tablets were evaluated. The results are shown in Table V below.

TABLE V
EXCIPIENT-FREE TABLET CONTAINING 500 mg TABLET OBTAINED BY
DIRECT COMPACTION AT 2.5T
Dosage form Remaining lipase activity after exposure to SGF
(% reported to the initial value )
30 min in SGF 60 min SGF 120 min SGF
Excipient-free tablet | ¢4 15, 417 4424 +2.7 22.90+3.9
(example 1)
Reference tablet . -
(containing 0.0 0.0 : 0.0
excipients)
EXAMPLE 4: Evaluation of Friability and Hardness of Excipient-Free Tablet

Digestive Enzyme Compositions

[0075] Excipient-free tablets were prepared as described in Example 1 and were
compacted using compression forces of 1.0 — 3.0 T. The friability and hardness of each

tablet were measured. The results are provided in Table VI.



60% of initial tablet 70%of initial tablet 30 mn 20%of initial tablet
25% of initial tablet 60 mn 10%of initial tablet (tablet deformation and
fragilitywohsewmenty 10% of initial tablet (tablet deformwariBrianasioagility
observed) 120 min tabletisconpl etely24di sintegrated tabletisconpletely

di sintegrated - EXAMPLE 6: Eval uation of Gastric Stability

[ 0084] Exci pient-free tablets were prepared as described in Exanple 1 and
wer e conpressed using two corrpressi&@ &o‘i{:’e ranges (A: 1.0 - 2.5 T and B
2.5 - 5.0T). Methods [0085] Tabl ets Wes8o%bnerged in SGF (800 nl) at pH 1.2
at 37 C %Gﬂt]con%lﬁﬁble&tw&é ipRpafei D% HoRfY befiste M&tiAR hitdRe3ARARA tAdBIRty2. Li pase
activity of fhe entire tablet was nonitored over a 120 m nute tine
interval . Reference tablets as described in Exanple 2 were al so eval uat ed.
Resul t s [088] Si Jiabket bardnessi(jsp svas Jneasyred singAnrmitornatictablet hatdressgpeer - f r ee

| o Tabl o COPPRL AP EEURRR ORI RO R ool BB A2 AP BEcyy

EXCl Pl ENWvithRERaBléBleadh. AND REFERENCE TABLET For nul ati on/ Conpressi on Force

[0078] Tablet friability was determined using standard methods with an automatic
friabilator. Percent friability of each tablet was calculated from the amount of tablet
weight loss due to instrument rotation cycles as indicated in USP method no. 1216. The

reported results represent an average of 5 measurements.

Results
[0079] The friability of excipient-free tablets was shown to decrease with increasing
compression force used to prepare the tablets. The hardness for the tablets increased with
increasing tablet compression force. Suitable friability and hardness are met in tablets -

prepared using a compression force of 1.0-3.0 T.

TABLE VI
EVALUATION OF FRIABILITY AND HARDNESS OF EXCIPIENT-FREE TABLET

FORMUELATION/ { FRIABILITY | HARDNESS
COMPRESSION (%) (kp)
FORCE (T)
Example 1 (1.0 T) | 8.33 Mean 5.3
Example 1 (1.5T) | 0.35 Mean 7.0
Example 1 2.0 T) | 0.30 Mean 8.4
Example 1 2.5T) | 0.20 Mean 8.3
Example 1 (3.0T) {0.20 Mean 10.1
Reference ta_blets 0.11 Mean 11.7




Activity reported to initial lipase activity after 60 m nutes of exposure
to SGF (% Activity reported to initial lipase activity after120 m nutes of
exposur e wo 28GFH 1428 Exanple 1 50.88 29.37 WO 2011/ 11422¢p@BzonBa@®idy 000579
27 Conpression range A Exanple 1 Cofpression range B 55.50 38.94

Ref erence tablet 0.0 0.0 EXAMPLE 7: Eval uation of Flow Properties of
powders [0087] Exci pient-free tablets were prepared as described in Exanple
1. The flowability scale, including the conpressibility index, flow

char af(080] anEXAMPLE5:r aMechasitalibvhavioblof ExcipicntdrdecTablog dERéseddi ng to

t he prog&i_ur s outlined in the U.S. Pharmacopeia (U3P29<1174>

(v, $h aélg\sén%eheﬁmlzww QE e excapiontcireey teblets fubmerged m:;§g

Fti§ are shown

in T X | X SCALE OF FLOMBI LI TY (theoretical val ues as per USP
29) %Mﬁé&%ﬁ | NDEX (% FLOW CHARACTER HAUSNER RATI O
Methods
[0081] The excipient-free tablets were prepared as described in Example 1 and were
compressed using two compression force ranges (A: 1.0-2.5 T and B2.5-5.0 T).
[0082] Tablets were suspended in a solution of SGF (50 mL) at pH 1.2 for 30, 60,
and 120 minutes followed by exposure for 0, 30, 60, and 120 minutes in SIF (50 mL) at
pH 6.8 at room temperature with constant stirring (50 rpm). Table VII shows treatment
with SGF at different times followed by SIF.
Results
[0083] Complete disintegration of the excipient-free tablets occurred after subjecting
tablets to SGF with subsequent exposure with SIF for 120 minutes. During dissolution,
tablet swelling and erosion of the external layer was observed. SIF clearly accelerated
the erosion/dissolution which is useful for intestinal delivery.
TABLE VII
BEHAVIOUR OF EXCIPIENT-FREE TABLET COMPRESSED AT A:1.0-2.5T OR
B: 2.5 - 5.0 T AND EXPOSED TO SIMULATED GASTRIC AND SIMULATED
INTESTINAL FLUIDS FOR VARIOUS INTERVALS OF TIME
Time tablets Time tablets Residue of tablets Residue of tablets
were exposed to | were exposed to | compacted at force range A | compacted at force range B
SGF SIF (%) (%)
30 min 0 min 90% of initial tablet 90% of initial tablet
30 min 80% of initial tablet 80% of initial tablet
60 min 20% of initial tablet 50% of initial tablet
(tablet deformation and '
fragility observed)
120 min tablet is completely tablet is completely
disintegrated disintegrated
60 min 0 min 80% of initial tablet 80% of initial tablet
30 min - 40% of initial tablet 50% of initial tablet
60 min 20% of initial tablet 30% of initial tablet

25




<10 Excellent 1.00-1.11 11-15 Good 1.12-1.18 16-20 Fair

Passabl e 1.26-1.34 26-31 Poor 1.35-1.45 32-37 Very poor 1.46-1.59 >38'

Very, verwyopoowii¥h460
conpared with theoretical

pancr eat

addi ti on
exci pi er
I n Exanpg
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1.19-1.25 21-25

values fourmd in the flowability scale (Table IX),
ic enzynme concentrate (PEC) powders exhibited suitable flowability
as i ndi cat ed-by their conpressibility index and Hausner ratio data In an

le 1 and thel conpressibil {2 th?eerg)lqnpr r g Mh%ﬁhsqﬂ'm

0 Nt A N
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charactdr were eval uat B9 min can be tablﬁﬁeswaudetﬁlwat at g tabletiis pempletely

| ubricant _did not significantly chadigimtegnaed | owabi | i ty |akisintegnatedessi bility
characteristics of proposed powders. TABLE X
120 min Omin 60% of initial tablet 70% of initial tablet
30 min 20% of initial tablet 25% of initial tablet
60 min 10% of initial tablet 10% of initial tablet
(tablet deformation and (tablet deformation and
fragility observed) fragility observed)
120 min tablet is completely | tablet is completely
' disintegrated disintegrated
EXAMPLE 6: Evaluation of Gastric Stability

[0084] Excipient-free tablets were prepared as described in Example 1 and were
compressed using two compression force ranges (A: 1.0 —2.5 T and B 2.5 - 5.07),

) Methods
[0085] Tablets were submerged in SGF (800 mL) at pH 1.2 at 37° C with constant
stirring (100 rpm) using an USP apparatus 2. Lipase activity of the entire tablet was
monitored over a 120 minute time interval. Reference tablets as described in Example 2

were also evaluated.

Results
[0086] Significant lipase activity was maintained in excipient-free tablets exposed to

SGF at 60 minute and 120 minute time intervals, as shown in Table VIII.

TABLE VIII

COMPARATIVE EVALUATION OF LIPASE ACTIVITY FROM EXCIPIENT-FREE
TABLET AND REFERENCE TABLET

Formulation/ Activity reported to Activity
Compression Force initial lipase activity reported to initial lipase
after 60 minutes of activity after120 minutes
exposure to SGF (%) of exposure to SGF (%)

Example 1 50.88 2937




FLOWABI LI TY OF PEC POADER W TH AND W THOUT STERI C ACI D FORMULATI ON
COVWPRESSI Bl LI TY RADEX (% HAUSNER RATI O FLOW CHARACTER PEC powder 25 1. 33
Passabl e waGopwmapzaed with 2% steric acid 24 1.31 Passalbplce/mBioxadioste 8

[ 0089] Tabl ets were prepared by the prxcedure described in Exanple 1 having
the weights indicated in Table XI. The hardness of the tablets prior SGF
exposure and the |ipase activity of the tablets after exposure SG- were

Il 1 da. . I Ll 1 \AD
nmeasur ed.—=he—resutts—are—showr—tn—Tablte—¢— WO

2011/ 114:%5%?011/(00579 29 TABLE XI CHARATERI STI CS OF EXCl PI ENT- FREE

TABLETS ( QUS_SI ZBE AND THEI R GASTRORESI STANCE _AEECRDED WHEN EXPOSED
FOR DI FFERXAMPIENTERVALS | N SGF3598i ght /uhit (aveB8§4) Tabl ei| Har dness
Compression '
range B ‘
Reference tablet .
0.0 0.0
EXAMPLE 7: Evaluation of Flow Properties of powders

[0087] Excipient-free tablets were prepared as described in Example 1. The
flowability scale, including tixe compressibility index, flow character, and Hausner ratio,
of the tablets was determined according to the procedures outlined in the U.S.
Pharmacopeia (USP29<1174>) (www.pharmacopeia.cn/v29240/-
usp29nf24s0_¢l 174.html). The results are shown in Table IX.

TABLE IX
SCALE OF FLOWABILITY (theoretical values as per USP 29)
COMPRESSIBILITY FLOW CHARACTER HAUSNER RATIO
INDEX (%) |

<10 Excellent 1.00-1.11
11-15 Good 1.12-1.18
16-20 Fair 1.19-1.25
21-25 Passable 1.26-1.34
26-31 : Poor 1.35-1.45
32-37 Very poor 1.46-1.59

>38 ] Very, very poor >1.60

Results

[0088] When compared with theoretical values found in the flowability scale (Table
IX), pancreatic énzymc concentrate (PEC) powders exhibited suitable flowability as

indicated by their compressibility index and Hausner ratio data. In an additional



(kp) Lipase activity (%9* in the residual tablet after various exposure

ti mes Cbservations Externalthinlayeris 15 ng Mean 2.3 0.5 h forned the
i nt ernal wearniiof42241. 0 h Not detectable the tablet (corerTthBmave®s79. 2.0 h
wet External thin layer is 64 ng 28

experiment, a pharmaceutical excipient (i.e. stearic acid) was incorporated into the
enzyme powder used in Example 1, and the compressibility index, Hausner ratio, and
flow character were evaluated. It can be concluded that at a 2% level the lubricant did

not significantly change the flowability and compressibility characteristics of proposed

powders.
TABLE X
FLOWABILITY OF PEC POWDER WITH AND WITHOUT STERIC ACID
FORMULATION | COMPRESSIBILITY | HAUSNER RATIO FLOW
: ' INDEX (%) ‘ CHARACTER

PEC powder 25 1.33 Passable
PEC prepared with 24 1.31 Passable
2% steric acid

EXAMPLE 8 .

[0089] Tablets were prepared by the procedure described in Example 1 having the
- weights indicated in Table XI. The hardness of the tablets prior SGF exposure and the

lipase activity of the tablets after exposure SGF were measured. The results are shown in

Table XI.



Mean 1.0 0.5h 37.1%fornmed and the internal part 1.0h 16.6% of the tabl et
(core) remains 2.0 h 0%dry 142 ng Mean 1.0 0.5h 46.6% External thin

| ayer is wokoDh18244% formed and the internal part 2. @ch/e310960079 t he
tablet (core) remains dry 29

TABLE XI

CHARATERISTICS OF EXCIPIENT-FREE TABLETS OF VARIOUS SIZE AND
THEIR GASTRORESISTANCE AFFORDED WHEN EXPOSED FOR DIFFERENT

INTERVALS IN SGF
Tablef | Lipase activity (%)* in
Weight /unit | Hardness | the residual tablet after Observations
(average) (kp) various exposure times
External thin layer is
15 mg Mean 23| 05h formed the internal part of
1.0h | Not detectable | the tablet (core) becomes
- 2.0h wet
External thin layer is
64 mg Mean 1.0 | 0.5h 37.1% formed and the internal part
1.0h 16.6% of the tablet (core) remains
20h 0% dry
142 mg Mean 1.0 | 0.5h 46.6% External thin layer is
1.0h 31.4% formed and the internal part
2.0h 13.0% of the tablet (core) remains
dry
External thin layer is
500 mg Mean 93| 05h | 67.8% formed and the internal part
1.0h 52.4% of the tablet (core) remains
20h 36.8% dry

*Percentage in comparison with the initial value of lipase activity in PEC used for tablets.
The USP apparatus 1 was used for dissolution.
All tablets were compressed at 2T

EXAMPLE 9: HYDRATION KINETICS OF EXCIPIENT-FREE TABLET IN
SGF

[0090] Tablets were prepared by the procedui‘e described in Example 1 having the
sizes indicated in Table XII. The thickness of the hydrated layer after exposure to SGF
was measured. The results are shown in Table XII and Fig. 2. An image of the hydrated

layer formed in one tablet is shown in Fig. 1.



External thin layer is 500 ng Mean 9.3 0.5h 67.8% forned and the internal
part 1.0h 52. 4% of the tablet (core) remains 2.0 h 36.8%dry

*Per cent age 20n/aerzpari son with the initial value of |ipasermiinesy i n PEC
used for tablets. The USP apparatus 130was used for dissolution. Al tablets
were conpressed at 2T EXAMPLE 9: HYDRATI ON KI NETI CS OF EXCI Pl ENT- FREE
TABLET I N SG- [ 0090] Tabl ets were prepared by the procedure described in
Exanpl e 1 having the sizes indicat @% le XIl. The thickness of the
hydrated | ayer after exposure to S asured. The results are shown in
Table XII and Fig. 2. An inmage of the hydrated | ayer formed in one tabl et

i's showiifReH 0. I. WO Z0I17 TT4ZZ4PCIT7 TBZ0II7 000579 30 TABLE X1 In
In Hydrated layer thickness (mm)
SGF :
min) .
Excipient-free Excipient-free Excipient-free Excipient-free
tablet tablet tablet tablet
Diameter 9.7mm | Diameter 9.7mm | Diameter 2.0mm | Diameter 2.0mm
Compaction 2T | Compaction 0.25T Compaction Compaction 2T
0.25T

2 0.45 0.45 0.55 0.50

5 0.79 0.75 0.75 0.75

10 1.20 1.25 1.27 1.03

15 1.45 1.44 1.42 1.24

20 1.50 1.68 - -

30 1.79 1.94 - -

60 2.37 3.10 ' - -

' Example 10: LIPASE RECOVERY IN SIF FROM EXCIPIENT-FREE TABLETS
- AFTER EXPOSURE FOR 1 HIN SGF

\

[0091] Tablets were prepared by the procedure described in Example 1 having the
weights indicated in Table XIII. All tablets were compressed at a compression force
range A. The lipase activity in the tablet after exposure to SGF and subsequent exposure

to SIF was evaluated in dissolution medium. The results are shown in Table XIII below.

TABLE XIII
Lipase activity v
Tablet mass | after 1 h in SGF | Lipase activity in pH 6 after 1 hour in SGF
(App. D) followed by the indicated minutes in SIF (App.
. 11 _
15 mg Not detectable NA
64 mg 16.6 %* after 10 min 330U  (6%)*
after 20 min 340 U
after 30 min 340 IU




SGF (m n) Hydrated |ayer thickness (nm Excipient-free tablet D aneter

9. 7mm Conpaction 2T Excipient-free tablet D aneter 9. 7mm Conpaction 0. 25T
Exci pi entwbnes/tial2het D anmeter 2. O0nm Conpaction 0. 25T EecirpBeni/edosme tabl et
D aneter 2.0nun Conpaction 2T 2 0.45 3.45 0.55 0.50 5 0.79 0.75 0.75 0.75

142 mg 31.4 %* after 10 min 102410 (8%)*
after 20 min 1040 IU
after 30 min 1057 IU

500 mg 52.4 %* after 15 min 5625 IU (12.5%)*
after 30 min 7 155 TU (15.9%)*
after 60 min 9 405 IU (20.9%)*

* Percentage from the initial lipase activity in the PEC used for tablet preparation

EXAMPLE 11: LIPASE ACTIVITY OF EXCIPIENT-FREE TABLETS AFTER
EXPOSURE MIMICKING THE IN VIVO CONDITIONS

[0092] Tablets were prepared by the procedure described in Example 1 having the

weights indicated in Table XIV. All tablets were obtained by direct cdmpression ata

compression force ranging between 1- 2.5 T (range A) . The lipase activity in the tablet
- after exposure to SGF (pH = 1.2) for 1 hour, exposure to fluid at a pH of 4.5 for 1 hour,

and subsequent exposure to SIF for 15 minutes was evaluated. The results are shown in

Table XIV below.
TABLE XIV
Mass/dosage unit Lipase activity Lipase activity after 1
.| (dosage in the residual | hour in SGF, 1h at pH
tablet) after 1h in 4.5 (App.I) and 15
SGF min in SIF
(disintegration)
15 mg Not detectable NA

64 mg 16.60% 13.27% *
142 mg -1 31.40% 21.20% *
500 mg 53.50% 42.39% *

* Percentage from the initial lipase activity in the PEC used for tablet preparation



10 1.20 -1.25 1.27 1.03 15 1.45 1.44 1.42 1.24 20 1.50 1.68 - - 30 1.79

1.94 - - 60 2.37 3.10 - Exanpl e 10: LI PASE RECOVERY IN SI F FROM

EXCl PI ENWBREH/TIABULETS AFTER EXPOSURE FOR 1 H I N SGF [ OpeThiBabl/eds7oer e

prepared by the procedure described i32 Exanple 1 having the weights

indicated in Table Xil1. Al tablets were conpressed at a conpression force

range A The |ipase activity in the tablet after exposure to SG- and

subs equen§POS AR hidn SRS Y AR Lo iR $bLi Rl et HoorfaFabFSU! S
herein by reference in their entirety and to the same extent as if each reference was

individually incorporated by reference.



Tabl et mass Lipase activity after 1 h in SGF (App. |) . Lipase activity in
pH 6 after 1 hour in SG- followed by the indicated mnutes in SIF (App. I1)
15 ng Notwdevactialzhe NA 64 ng 16. 6% after 10 min 330 | BCrABAo11/6d06r 20 m n
340 11U after 30 mn 340 U WD 2011/ 1384224PCT/ 1 B2011/ 000579 31 142 ng
31.49% after 10 mn 10241U (8%* after 20 mn 1040 11U after 30 mn 1057 11U
500 ng 52.4 % after 15 min 5 625 U (12.5%* after 30 mn 7 155 I1U
(15.9%* after 60 min 9 405 11U (20.9%* * Percentage fromthe initial

| i pase activity in the PEC used for tablet preparation EXAMPLE 11: LI PASE
ACTI VI TY WhatbEX€lafthddNs- FREE TABLETS AFTER EXPOSURE M M CKI NG THE I N VI VO
CONDI TI ONS [ 0092] Tabl ets were prepared by the procedure described in

Exanpl e 1 having the

1. A gastroresistant compacted pharmaceutical composition comprising one or more
enzymes self-assembled such that the enzymes have greater cohesive strength after
compaction than prior to compaction, wherein the enzymes in the pharmaceutical
composition retain at least 30% of their activity after exposure of the pharmaceutical

composition to simulated gastric fluid for 1 hour at 37° C.

2. The composition of claim 1, wherein the composition becomes self-coated in situ

upon contact with gastric fluids limiting further penetration of the fluid.
3. The composition of claim 1, wherein the composition is a tablet.

4, The composition of claim 1, wherein the composition is a mini-tablet, a micro-

tablet, multiparticulates, or prills.

5. The composition of claim 1, wherein the composition is incorporated into a
capsule.
6. The composition of any of the preceding claims, wherein the composition

comprises one or more enzymes selected from amylases, lipases, and proteases.

7. The composition of any of the preceding claims, wherein the composition

comprises pancrelipase.

8. The composition of any of the preceding claims, wherein the composition has a
drug content of at least 65% by weight.

9. The composition of any of the preceding claims, wherein the composition has a

drug content of at least 80% by weight.

10.  The composition of any of the preceding claims, wherein the composition has a
drug content of at least 90% by weight.



wei ghts indicated in Table XIV. Al tablets were obtained by direct
conpression at a conpression force ranging between 1-2.5 T (range A)
| i pase acwowentiyiiun4t he tabl et after exposure to SGF (pHpeTABA)N1/H@S791 hour,

exposure to fluid at a pH of 4.5 for 34 hour,
for 15 mnutes was evaluated. The results are shown in Table XV bel ow.

TABLE XIV Mass/dosage unit . Lipase activity (dosage in the residual
tabl et) after Ln S Lipaseactivity after 1. hour,.in SG-..lh at pH 4.5
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13.  The composition of any one of the preceding claims, wherein the composition is

not enterically coated.

14.  The composition of any one of the preceding claims, wherein the composition is

monolithic.

15.  The composition of any one of the preceding claims, wherein the composition is

blended together with enterically coated pancrelipase compositions.

16. The composition of any one of the preceding claims, wherein the composition was

compressed with a compression force of from about 0.25 to about 3.0 T.

17. A monolithic, compacted, gastro-resistant pharmaceutical composition comprising
pancrelipase, the pancrelipase comprising a mixture of lipase, amylase, and protease,
wherein the lipase and amylase in the tablet retain at least 80% and 30% of their activity,
respectively, after exposure to simulated gastric fluid for 2 hours, and the pfotease in the
tablet retains at least 70% of its activity after exposure to simulated gastric fluid for 0.5

hours.

18.  The composition of claim 17, wherein the composition is obtainable by

compressing the pancrelipase at a compression force of from about 0.25 T to about 3.0 T.
19.  The composition of claim 17, wherein the composition is a tablet.
20. The composition of claim 17, wherein the composition is multiparticulates.

21. A compacted pharmaceutical composition comprising one or more enzymes,

having an enzyme drug content of at least 65%..
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gastroresi stant conpact ed pharnaceutical conposition conprising one or nore
enzynes swbhemsaerrhl ed such. that the enzymes have greatremn/IBmhesios®
strength after conpaction than prior 30 conpaction, wherein the enzynes in
t he pharnmaceutical conposition retain at |east 30%of their activity after
exposure of the pharnmaceutical conposition to sinulated gastric fluid for 1

hour at C. e. Ltiqn of claim 1 erein the conposition
becones 221 - LB&ralPEIRE RIHinA" el P fpbroglist BiinatrBE TR 11 g
further ponehtéaftdtdeasr§okhe fluid. 3. The conposition of claim1l, wherein
the conposition is a tablet. 4. The conposition of claim1, wherein the
conpositign is a rrini-,tablreﬁa,_ amcro-tablet, nmultjparticulates, or prills.
5. The C(%('):?posﬂi’ﬁ‘PF‘B‘?S“&nsﬁf aim 2, Rihgrein thg compagitian hasan anzymedBighor at ed i nt o
a capsul gontefit of At Geas9GQsi ti on of any of the preceding clains, wherein the
conposition conprises one or nore enzynes sel ected from anyl ases, |i pases,
and proteases. 7. The conposition of any of the preceding clains, wherein
t he conpci t i dhe compositiasofzay of elaima2k23, wherdih¢hconmpmsitiondsa tdblatny of t he
precedi ng clains, wherein the conposition has a drug content of at | east

65% by ight 9. The c 0si-tion ny, of. the preceding clains, wherein
Che conpdtci She rapaniprC g RS e befihe 2107 Vel B IRRGR: * “10 The
conposi t ipitiphrtisatesf  t he preceding clains, wherein the conposition has a
drug content of at |east 90% by weight. WD 2011/114224PCT/1B2011/ 000579 34
11. The conposition, of any of the preceding clains, wherein the conposition
has a dr #§- cofteppolighicegompagted, %Wﬁ?lwtg%@tmacw.caimnwmommmf any
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clains, wherein the conposition is not enterically coated. 14. The

conposi tiZfn ofA monolishie, eimpakted pgastre-désigiant [phamaceutival eompasktoncompeisingi on i s
nmonolithic. 15. The co sition of an.y.one of t precedin | ai s,
Wherei n 190 O BRELERBTIER VECTE RO By iaERoRR, foeli B i i) kol i
pancrel i @icqRf@osi tions. 16. The conposition of any one of the preceding
cl ai s, erein the conposition was conpressed with a conpression force of
fromabout 0.25 to about 3.0 T. 17. A nonolithic, conpacted,

gast r o- r &8 st ARE comBesiiRRfilainm 26Qmido Wherelhthe spimpositionyisadableern pase, the
pancr el i RASH Qﬁ’l%%eii ng a mxture of |ipase, anylase, and protease, wherein
the |ipase aR anylase in the tablet retain at | east 80% and 30% of their
activity, respectively, after exposure to sinulated gastric fluid for 2
hours, arR9.t hd qmiaeted phamacketicahbdmpositinaiompriaingl one ©f Mpdderfyniess acti vity
after exposur.e to sinmulated gastr.i luid for 0.5 hours. 18. Th

Conpos: & | GHFTGR the sdtmRopon i sBrntie e e b ionts IS BhPenteriiy Sgged
conpressing the pancrelipase at a conpression force of fromabout 0.25 T to
about 3. BOI. ThE corhPesitisHBRaiti 29) wierein thicPomposivibe isad fablehiér conposition is a
tablet. 20. The conposition of claim 17, wherein the conposition is

nul ti par teliipagtisylatesp1. A conpact ed phar maceutical conposition conprising
one or nore enzynes, having an enzyne drug content of at |east 65%.

31. The composition of claim 29, wherein the composition is blended together with

enterically coated pancrelipase dosage forms.

32. The composition of any of claims 29-31, wherein the enzymes are digestive

enzymes.

33. The composition of any of claims 29-31, wherein the enzymes are selected from

lipases, proteases, and amylases.



WO 2011/ 114224PCT/ 1B2011/ 000579 35 22. The conposition of claim 21,
wherein the conposition has an enzynme drug content of at |east 80% 23.
The conpowsotbommief24cl ai m 21, wherein the conposition hagcanBEnryws7dr ug
content of at least 99% 24. The comgosition of any of clains 21-23,
wherein the conposition is a tablet. 25. The conposition of any of clains
21-23, wherein the conposition is nultiparticulates. 26. A nonolithic,
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- conposi t ipaAcrelipaée. A nonol i thic, conpacted, gastro-resistant pharnaceuti cal
conposition conprising one or nore enzynes, wherein the conposition becones
coated in sity upon contact with gastric fluid. 28. The conposition of
claim 26n3(§r 2Fhe Gerapesition ¢fany ofslaams 2434, wheseinghg eamppsition comprises cul at es.
29. A co gdo iH@Sﬁ@&ical conposition conprising one or nore enzymnes,
wherein the conposition Ts substantially free of excipients and is not
enterically coated. 30. The. conmposition of claim?29, wherein the

conposi ti3®n i Thacempésitionoof amylof claims 2234, aviesgein tixdtablEheonopriges snyimes off cl ai m
29, wherein the conposition is blended together with enterically coated
pancreli5&@3“58@58@'P0rns. 32. The conposition of arty of clains 29-31,
wherein the enzynes are digestive enzynes. WD 2011/114224PCT/ 1B2011/ 000579
36 34. BTe CURPOGhpdsitivonodf anff olairid 29-86, wikreih tha\budigision§ frd@6pge form
conprises pancrelipase. 35. The conposition of any of clainms 29-34,
wher ei n tKEPERFoSi ti on conpri ses enzymes of porcine origin. 36. The
conposition of any of clainms 29-34, wherein the tablet conprises enzynes of

non- por cigge Ol G@ifi-layer’ y YRRAA . i - erein
the conposition {IIS Ta¥_ee(_:oo &g}(e?i pI enwtseh{?&ég$m%5wrrtﬁﬁ?°q+ ayse ,%%c??rg%tocr%\gd
phar maceenzymts indhpogtemiash layengfiths corgpasitiony whemirethe eagymes areisélfie out er nmost

| ayer of the coppositign, wherejn the enzynes are self-assenbl ed such that
the enayASsTbicARuch shat e engpmes baveareaterolesive Séwns@r?ﬁﬁmwcpﬂaﬂman or to
conpact i Giiior td\CorkRIFRGE, the E8pckitiASs EatRNshtA and WerAfes PANBPIeRRL al N Al

| east 30% of their activity after exposure to sinulatéed gastric fluid for 1
hour. 330%pktheis spidwty afien exposutep ginsdated/gasta¢ fluidtfer tbowrosition is orally
adm ni strable. 40. The conposition of claim38, wherein the conmposition is
a tablet ' k [:]:] . f clains
36 40, whey ef At PRI GcRim 38 WiertiEuE MBS PR R BB | Cont ea
pancrel i pase dosage forns. 42. A pharnaceutical conposition consisting of
pancr el i pése, Tht eorepositidneofl clgims38, sihetehrethp aompeditipasa tableboms at | east 80%
of its activity after exposure to pHof 1.2 at 37 Cfor 2 hours. 43. A
phar naceJP’i’%B?’)(lﬁ A§8si ti on consisting of pancrelipase obtainable by
conpressing pancrelipase free of other excipients at a conpression force of
from about]. 0. The dothfosLdf ady Ond of clifhs2$8140, Wibéaid Heldohipotitibh $Plerd®d37  44.
A process for preparing a pharmaceutical conposition conprising one or nore
enzynes, t@&%hwﬁb@t@rmwyma%p@w@wqma@%mzyne preparation free or
substantially free of excipients.

42. A pharmaceutical composition consisting of pancrelipase, wherein the lipase of the

pancrelipase retains at least 80% of its activity after exposure to pH of 1.2 at 37° C for 2

hours.

43. A pharmaceutical composition consisting of pancrelipase obtainable by
compressing pancrelipase free of other excipients at a compression force of from about
0.25 T to about 3.0 T.



45. The process of claim 44, wherein the conpaction is perforned at a
conpression force of fromabout 0.25 T to about 3.0 T. 46. A nethod for
treati ng wodbgedtive di sorder conprising adm nistering troTABpail/H@st9 i n need
t hereof a conposition of any one of ci7ains 1-43. 47. The method of claim
46, wherein the patient suffers frompartial or conplete exocrine pancreas
I nsuf ficiency, and the conposition conprises pancrelipase. 48. The nethod

of cl ai m4ﬂ7, %Q/nerei nfthe exocrine pancreas insufficiency i s concomtant
with cystie ¢ RipresEsuior prepatng a phatmaeiiical ompbsition samprisile oBe S pore
post - gas bﬁ@msgmkimho@mi@ﬁwaning%é Béparition Freelor SEbsRARIRIIRS M

al coholism or pancreatic carcinonas. met hod of controllitig
steatorrlf@aoéémépliegﬁsng adm nistering to a patient in need thereof a
conposition of any one of clains 1-43, wherein conposition conprises

pancrel i pgse. rye process of claim 44, wherein the compaction is performed at a compression

force of from about 0.25 T to about 3.0 T.

46. A method for treating a digestive disorder comprising administering to a patient in

need thereof a composition of any one of claims 1-43.

47.  The method of claim 46, wherein the patient suffers from partial or complete

exocrine pancreas insufficiency, and the composition comprises pancrelipase.

48. The method of claim 47, wherein the exocrine pancreas insufficiency is
concomitant with cystic fibrosis, chronic pancreatitis, post-pancreatectomy, post-
gastrointestinal bypass surgery, ductal obstruction from neoplasm, alcoholism, or

pancreatic carcinomas.

49. A method of controllirig steatorrhea comprising administering to a patient in need
thereof a composition of any one of claims 1-43, wherein composition comprises

pancrelipase.



