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PANTOPRAZOLE MULTIPARTICULATE FORMULATIONS
BACKGROUND OF THE INVENTION Pantoprazole,
5-(difluoromethoxy)-2-[(3,4-dimethoxy-2-
pyridyl)methylsulphinyl]-1H-benzinaidazole, is a H+/K+-adenosine
triphosphate (ATP) inhibitor (also known as acid pump or proton pump
inhibitor (PPI), is an enzyme present in die gastric parietal cells. It is
believed that these drugs are metabolized in the parietal cells to active
sulfeRANdEHdtebéfiddintlt iHa v AShE Sulbfydria §rOlR

pump, thus reducing the hydrogen ion secretion. PPIs 10are generally
lipophilic weak bases with poor aqueous solubility at low pH. Many PPIs

BA&@K@MM%QEV\T i ébﬂ\iﬁiﬁﬁ_ﬁl@hb undergo rapid acid-catalyzed
degrgg&g)g%@glgb@yﬁ&gg@ %%ﬁfif}zﬁ%%&ﬂ&fm'gh pH. The

current commercial oral formulat odium pantoprazole are single
ryufitsoated sabletsl Bel; eegziugapaleris 8397803 addriohitesirives bra
(amigbiaPanioRigaoie.hake dnsla A A a0k ARINISImed iR e AN

an‘outer layer. The current coating has'a tendency to cause undesirable
eNEER] @gemhi@ ﬁhblﬁ@%iﬁf@gja@ﬁrwﬂﬁeslm%@h@ﬁed thanthepadiegrates
mdORDHANaRS, beGaLSe Qi iheir.paire, At HisRarsing: 1B iNe gasirintestinaln.

tract, show a reduced food effect and variability in gastric emptying
sulfoyinesgneiar b {hp reratin Prartcbut extlirae dhel itk seibjient sparrilsitityP P Is

. . e

arcf?s%%] 5 g%%%%ﬁ@%@&@%@?% QHQr ‘(‘181%8@4 95189&&9%‘8%%%{ ﬁgl?rrlly

). Several unsuccessful attempts have been'ma

PPiseysasistedevelop @rhetlipaetie ahterdmdatiod ofigarropracdiegradation,

anIOWE UL hesn ptemptsviglded m@ggﬁfu'mes that were not

bioequivalent to fablets, only 70% relative 25 bioavailability was found.
Anothbe aw@mpt:wmgrmﬁb@éﬂtfmnﬁ@ﬂmgf Frohupasn sesazebating dede
unfYRIUsRAeenizationytepltad oo dust hat did nat arevide,ther

appropriate releasé in acid conditions. In addition, these attempts yielded
Papiigace th el vins AN € Ok %%@V@@W@ﬂ@d@ﬁa@i@ﬁ,wﬁéﬁ%re@m
cufRRRLIRMRETAU fon RUAMMARY O AL ANY BNIHN £ the THginyggtion

provides a stable multiparticuia e pantoprazole formulation that provides
gasaiEed el aid intra subject variability.  In one embodiment, the

Dant%ﬂﬁ%ﬁimﬁ%@oﬁfﬁiﬁ\:{l%ﬁﬁg\‘b@&%@é’%@ﬁ%iriﬁéiﬁf@Q)‘i’%ﬁé{;%%@ﬂﬁ%@id

core comprising pantoprazole or an enantiorner thereof, or a saltor
eavijiies tRelEar heust bive sdrfaetaritlcat RdsTBtRD UiktifegAtie amatying
1inRROUII 2619 RRAH 298 MW AIS R hANTRHSE CORLONIS.6arS), SRICLEIENE 1o

coat comprising a copolymer of methacrylic acid and methacrylates in the

singlfgeibtaneis s J ape A5 bR SIe SRIGIOLoreHherein said
multipayichIaies-0ae ANURIATR: 92620 aRotd 1R L diameietiop 2

Advantageously, the multiparticulate formulations of the invention are
MRS SHh P& RARIFY 3RSy FXOTRYIBI BeRsr et Hirfrd

miNHARBasedanbe Hend arglysisdisinatigtwalvesmantigoam
temperature data and 6 month 40 C/75% relative humidity (RH) data

biogysnbib o WAt tRe nitimdRTietates SHasliEsridAcEReIng A0 8- BRI

sedde-OhOVER L YeRSi dYRIGAMna-muttinasticulate formulatiomolieot provide
invention is considered stable if it retains 90% to 110% of its potenc

theRRRTG P HEOTRE bRaleCOnditoNg pArEATAYHIE AT BRI @t@deg product

thdotayiationef, the, venion isess e, loRdhareagatathe itestinalie.
walls, nasogastric and gastromy rubes, and pouch material thereby giving

predictable delivery of the drug product to the site of drug release. It also
provides for an early onset of action for relief of gastro-intestinal pain and
has a 15 prolonged duration of action. This formulation allows dosing to
pediatric patients and patients who have difficulty swallowing solid foods.
This formulation also allows for drug delivery via nasogastric and
gastrostomy tubes. DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a multiparticulate formulation of
pantoprazole having a unique combination of excipients and a surfactant
(e.g., polysorbate 80) that are compatible with pantoprazole sodium in the

presence of an alkaline pH environment. Further, the invention provides a
nrocacce that ritilizec low chear diirina aranitilation and low temnearatiire
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The multi particulate formulation of sodium pantoprazole of the invention
provides an enhanced system for the delivery of pantoprazole to patients.
The current marketed formulation is a single monolithic tablet, The present
formulation of multiparticulate spheroids, which is adaptable for use in a
capsule or a foil pacicet, can 10be prepared by extrusion/spheronization
plus coating technology. The composition of the multiparticle of the

[ iQn, teri .g., Ftudragit, allows for reduced release
S%M@&%@? ﬂ%ﬁ%@ﬁé& a neutral pH (-7). | his provides faster

bloodTiey el eftbe drugides Ratigslismandsheraya fasenensetefaAcltn that
pr('ir‘gag%mal er Tlag value of multiparticulate formulation as compared to

GG TN SRR G the results from dog data
indicatesdastabodisedaf adiomeipmulipanisyate; IIMIANIOR: invelhiSnuse

of a mylti particulate formulation facilitates dosing to pediatric patients and
€0 ﬁ&ﬂ%%#&%%CMH%%Q?B%%ﬁ%’&mgaﬂ]@l%%%a@?ﬁegﬁ ora
salswspeniting liguic Drasirkling/dispersindain enlo Wit lameike: and about 1%
o gggets ?ce,genor to 20administration, The suspending liquid could be

BRI D oP 8 I S T By b 2 5 B DSIIET RBGRRIRmERS o

copedtemncl e sredlergiceofdhednudthparicuatestis aGaRsUB R POUSHISut 45
o, any other container, also allows dosing through nasogastric or .
A <O e AU SO I G F lare e of

abpatn] :andiprdlanged. duration 250f action (extended release), as compared
to the C&Jrre t mar eteg tablﬁt. I.Multligar 'culaﬁgié)f th%{lvention
Suitably’ the R AHiched B H RS Fh A TBREH0uE 611146 BYRRtogagestable
undem teonSamperan@e7stomde ch2&tians, for 8t SsamtialdmiantAsOBased on the
embodiment, the [tiparticulates in osition of the invention

Omu com ft
ARG A CE A Y Bt T AP Re G A SRR HLLD °C175%
relmieatiomaien@afpdtes thailabotd dantie singtp-erdertesaciit@igvention

ssage throu sqgastxic tube . The multiparticulates of the
S R e A A et LR
thecoatamenecoddiactiensernithecoiie a0t eptelicwoatandialstaing shelf
co{';\t may be applied, e.g., comprising a coating of hydroxylpropyl

hfefnseﬁ{?]%éllulose (hypromellose). Also, over the enteric coat a final seal

coat ifiay penampled]engultipaecitingofdydibxidpropenatvicelsiloseprone to

hypromellgse). The spheroid core is comppsed of, at a minimum, .
< R I P R S AR B L B B i
theted yoritert neguigstothiniiiss; tHeltetat ppartdpraroiet feos thug release. It
5-(difiuoromethoxy)-2-[(3,4-dimethoxy-2-pyridyemethylsulphinyl]-1Hbenzh
S e e B SR o e
profohgiesduantiopral eteiemdi@raftiomiersoard] selisiasidydsaties ioeradints and
e active com d, pantoprazole is ri edr'g%E ropean Patent 166
B S B R AT s e 150 s o
drpheherciallyaurde gtheribrantgaamstROMBM I X O. Examples of
pharmaceutically acceptable salts of pantoprazole include, e.g., sodium,
magnesium, and calcium, among others; still others are described in the
DEurdp&dn PaRORIGE XBB, @Ridiis InNdENdTAEN by reference herein. The
. selection of itable salt is not a limitation of the invention. In qne 20
b R B e T el izt
hapregertimtirecambmat fropd abontebitns0 swiagtaofe preferzolpab @) that
2010 45.9% whng, (o tiparti e, uvitable surfactanpts are
T B et R TR A
enggehigmeidurysiieahpblysorisatemvitstading . oo ysbrbate 8ehemdiuring
RMiES 2haNSSeEAPAANGA L AYPIGAXLtRG SULiACARhISAIeSENLin L
& core in an amount gg%bout 2 téuab%%% (%0 W/\%, i%d e}sli%%g%, %E%%;@tag&ulate.
w/w of the core. In another embodiment; the surfactant is present in a ratio
of about 5:3 drug: surfactant (e.g., pantoprazole sodium sesquihydrate to
sodium lauryl sulfate) to about 10:1 drug: surfactant (e.g., pantoprazole
sodium sesquihydrate to polysorbate 3080). Advantageously, the
surfactants in the multiparticulate formulation have been found to enhance

the wettability and, thus, the speed and extent of release and absorption
Nnf the ecodinim nantonrazonle from the miilii narticiilate farmiilatinn of the
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In one embodiment, the total amount of drug to binder is represented by a
ratio of from about 5 0: 1 to about 40:1 by weight drug:binder. The total
amount of a pH 10 adjuster in the formulation can range from about 0.1%
w/w to about 10% wi/w- of the multiparticulate, or about 1% w/w to about
8% wi/w, or about 3% wi/w to about 7% wily/. However, these percentages
can be adjusted as needed or desired by one of skill in the art. The
ISint ntm e selected from among othe lfnlr:ow disintegrants
Th :
S O Ao P B! e
invsmsadiment, the disintegrant is selected from among rnicrocrystalline
celluﬂqs a rospovidone, and mixtures thereof. e#ind rmayb
selecltegr%rgrg?%aﬁic?ﬁa lélrx{gg‘\?%ogiﬁa%vrlsﬁ%c Bcﬁ%mel%l.-{%ee v %?%%% Of
pamopidond hanorayeinets. thlcane wmbogintent, chéitimdemis faydreylerapy!
nefpeiyhcellioss (wpromeligsel, Syilable gH adjusters include e.g.,
20saodium carbonate, sodium bicar onafe, potassium carbonate, lithium
carbbhateydinpat othesSostiliatier slitablercpmponentsewillihe irsadiyn
parent to one of skill in theart, .. In one embodiment, the.spheroid
pro%? SN A0, systern ftor t@eedghvewc%%%g%%;’%?o 8 6% Pﬁ%% ots' Ji%e current

core contains, w/w based on ryu

mapsitdpfaroldasisiasm sesgjainyeraliéhfatichityd (efrees2GpRntopirazoler

. 30% ferably about.27% microcrystalline cellulose, ’
P oﬁ%%é%‘ﬁ%éfﬁ%%&%ﬁuﬁﬁ%%%@? V3 S%WSSSr%la%ex%%i%%%h% %gfggafg‘%’ can
be arrprefebalsitalstuy 8% erospvidineseting BdhtoRYy, and preferably
about e ipmsliosar20f AbRLR B 80sMhRISIeIAbl 20OULE St
sodilim carbonate. In one embodiment, the spheroid core contama: ’

e. gparierrarordlevdilin sdugeddeate a8 @4 pHN W haicdoloysialieet a neutral
pHEEMIOPBR LA YL AAIBIRIE, B2 ek T ORP

vidonel5.% wi
t .
Shypromeliose 22081 % w/w sodium carbona ﬁ b Wi \1/\{/}' Inmé%tg %1§\lrgy a faster

Onm@hﬂ&@eﬂ%@rohgmbl@%mW@mﬁg@dterﬁ@RaMaz@Ifanpared to
tha@%%%f%sﬂgm%@t&%? Bgye%’ éﬁﬁ/ Yre %%%%g&ﬁgﬁé 3&%‘{'1%%%%@@5*@

multiparticulate 45.1121.911 Microcrysta
oY EPOo39N3BY Y HAticdrrHOrOM Risiysorbate 80, NF5.002.429

Vegeigh Iﬁs§%‘f@?ﬁx§ﬁ?fﬂ&ﬂ¥éﬂ%g P84 ‘i%gﬁitates dosing to pediatric

patients arad patients who have trouble swallowing, by dispersing the spheroids in a

suspending liquid or sprinkling/dispersing in a low pH liquid like applesauce, prior to
administration. The suspending liquid could be made prior to administration by
mixing a blend of powder material with water. The smaller size of the multi
particulates, in a capsule or pouch or any other container, also allows dosing through
nasogastric or gastrostomy tube.

This formulation allows for a faster relief of GI pain, and prolonged duration

of action (extended release), as compared to the current marketed tablet,

L. Muiltiparticulates of the Invention
Suitably, the multiparticles are in the range of about 0.1 to 2 mm, or 0.5 mm to
1.5 mm, or 0.7 mm to 1.25 mm, or 0.8 mm to 1 mm. In one embodiment, the

multiparticulates in a composition of the invention average about 1 mm in diameter.



10

15

20

30

(Polyplasdone XL) HPMC USP/EP (Methocel)1(31.000.486 Sodium

Carbonate, NE6.503.157 Purified Water, LTSP/BP/EPq.s. to make, wet

mass Total100.00 mg48.573 10Although moisture is removed from the

core during the drying process which is described below, the core

preferably retains about 1% to about 2% w/w water. Without wishing to be

bound by theory, the inventors believe that this water content contributes

the stability of this multiparticulate as compared to the failed prior art
Tratemtstit AR Bermnt SamEU R Paiiio pragisrEcTS D Ry ram inigige in

oréeakedati{Rnsubeoat) e he,anpbed ditety.to the core prior to coating
with the enteric coat. Although the components of this seal coat can be

modifictf BYUOHRAEI QR Ph RS NeRERR A8 F)SaREBTe FhRiEHsERNEb AL I8
spEenapg seckaf iy droxviranyb methylaaliviase (hyrearaslose) aadMatsloric coat

For e%jample, a suitaple initial seal coat can be applied as a 7.5% w/w

YSRGS SOUSROR 2PPHRAIf SsRHIPSsRE DS e picykige brapsut
mAYNWI 003D P14 RS the daneoatadcorer abaul &Yy 1 ABAM be

2% w/w of the coated multiparticulate. In one embodiment, a
PRI Arfeo RSRAHHh Y SBESat Rekirectin) retidnesiriante tassiulda.
spEst 04 LR srgpbRAteR 700 i8R PeNeisHA0H0 8rd (40 MiGeof, and a
pantoprazole per 100 mg pellets) Hydroxypropylmethyl cellulose4.00 mg
Su tySP, 6¢cps Purified water, USP/BP/EP9.33 mg* * removed during
processingeT olateih Theoaipsie siakisaprpiadouen e initialseabermtdfole
resent, or directly to the uncoated spheroid core, Sujtably, the enteric
relcaatts %&%ﬁ@w%ﬁf%ﬁéf/?r%ﬂé%&n@gw@mnpaﬁwm@wpma-4@{-
befierimitd-obRouUE 3Q:H MeriaIahesit FRVNV AN FRABEABYIWL IR 3P0

._wiw of the multiparticulate. In one embodiment, the enteric coat iS about

Ing R P B RAG y CER CatE SSCRELB THE RGeS cope active

coffjsomidinseatppoiitt whiskcishz COPBIOEEf PARRBCHYICSACIH AR describes

i me'ghac%/lateﬁé sug(ﬁ as the COT ercially available Eudragit L 30D-55. In
G REE BB AR the Bhie A EoH e CoMpB S B thS Sreps OB

PRIOfulyNIs! @alex trigthyd eitpatensadiune d1droxige Bidsaater pMesSrazole

. %%f#cularly, the enteric coating m&y ontain about 30% w/w of .

A ArfieaiStE o BT HE RS0 W8 U PeEIong of etk athsstrss

deibabating;tabBut i Whnkiale salsal 3 tnathvketratated B REIHSIES herein.
sucflas,sodigm rﬁ%{? xide and Watler. Other syitable materials may be

The ReleSHIBO0 SRR SAEERIOS A TRUAGRR OB 18S RYSFGRrdbyRe

_enibeltiyieeuthsepdhihaddiencelyiprelacaiaio phthalaia fowhipeulikes present in

the range of from about 5 to 50 % w/w, more preferably about 20 to 45 % w/w, of the
total multiparticulate.

Suitable surfactants are known to those of skill in the art. However,
particularly desirable are sodium lauryl sulfate, polysorbates, including, e.g.,
polysorbate 80, and mixtures of these components. Typically, the surfactant is
present in the core in an amount of about 2 to about 7 % w/w, and desirably, about 5%
w/w of the core. In another embodiment, the surfactant is present in a ratio of about
5:3 drug: surfactant (e.g., pantoprazole sodium sesquihydrate to sodium lauryl sulfate)
to about 10:1 drug: surfactant (e.g., pantoprazole sodium sesquihydrate to polysorbate
80). Advantageously, the surfactants in the multiparticulate formulation have been

found to enhance the wettability and, thus, the speed and extent of release and

4
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In one embodiment, a multiparticulate of the invention is provided with a
20subcoat over the core and an enteric coat as follows:
IngredientsAmount/capsule Core + Subcoat100.20 mg Eudragit
L30D-55208.00 mg 62.40 (solids) Talc, LISP, Altaic 500vV31.20 mg
Sodium Hydroxide, NF I N9.30 mg solution0.36 (solids) Methyl Citrate,

PG/NF6.24 mg %w/w, based on total weight multipartieulate 48.67
Puri SP/BP/EP183.38 111g* *

ab%}ﬁ?ggn ngt%g 90%117115m3§b%§%p|‘c%%8?§e&%t ragﬁl %gartmqﬁfgrf@rmulauon of the

_ oved during processing
mgenboediment, the enteric-coated multiparticulate is further coated with a

final t. Suitably, this. final seal coat is comprises hydroxypropyl
meth?%l%%&ﬁgégléinc a %zfﬁ%l grv‘\fﬁ?t%ri@% 1hé& Bbhadinster and,
opvenparidtendet % winiter alzoipt G¥subl aehabiastyRRYeyMME MO 4% (¢ o |

o 0 ime final seal coat of hydroxypropyl '
o S e 8 bln B e enp macismbinthe core i
axwateﬁr(mmfcﬂibiswe?ﬁd@ewwm@m?&@%i N@M&aﬁbﬁﬁdz@%mlﬁe tgrﬁﬁéi@t go %
ljQyvi ' coati f talc_can 100pti e applied over the
B o B Ay bt Gt e o

mm@@mmq%mtmb Spanhyt drugriohindenbottiprerhidiesiesulingor
o ot oo U B s T reh & 5o BB e Pt
adpiigy qun@wmmpacmagmﬁmabmmm%m SmsauattyOfv/w of the
ol o S0 M SR el e
WiDrug S wionthth@:250r60%RH Rebeastubidd asthe: @HANQHB%RIF §a6a8tsKil
in the art.

The disintegrant may be selected from among other known disintegrants,
including, e. g., cellulose, and crospovidone, among others. In one embodiment, the
disintegrant is selected from among microcrystalline cellulose and crospovidone, and
mixtures thexeof. The binder may be selected from among known binders, including
e.g., cellulose, and povidone, among others. In one embodiment, the binder is
hydroxylpropyl methyl cellulose (hypromellose). Suitable pH adjusters include, e.g.,
sodium carbonate, sodium bicarbonate, potassium carbonate, lithium carbonate,
among others. Still other suitable components will be readily apparent to one of skill
in the art.

‘In one embodiment, the spheroid core contains, w/w based on the dry
uncoated core, about 45% pantoprazole sodium sesquihydrate (about 40% free
pantoprazole) , about 25 to 30%, and preferably about 27% microcrystalline cellulose,
about 4 to 6%, and preferably about 5% polysorbate 80, about 14 to 16%, and
preferably about 15% crospovidone, about 0.5 to 2 %, and preferably about 1%
hypromellose 2208, about 5 to 8%, and preferably about 6.5% sodium carbonate. In

one embodiment, the spheroid core contains:
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Initial  Acid (p1-1 1.0) 2 hrs 0.33 0.45 0.6 NIV1T 10% Followed by

Alkaline Buffer (p1-1 6.8) 3 min-,0.910.85- 6 min 3.61 1.83 9 min

52.2516.45 -

pantoprazole sodium sesquihydrate 45.24% w/w

microcrystalline cellulose
polysorbate 80
crospovidone
hypromellose 2208

sodium carbonate

In another embodiment, the spheroid core contains:

27.25% wiw
5%  wiw
15%  wiw
1%  wiw
6.5%  wiw

Ingredients Amount/
Capsule

Pantoprazole Sodium Sesquihydrate 45.11

Microcrystalline Cellulose, NF/EP 27.39

(Avicel PH 101)

Polysorbate 80, NF 5.00

Vegetable source

Crospovidone, NF 15.00

(Polyplasdone XL)

HPMC USP/EP (Methocel) K3 1.00

Sodium Carbonate, NF 6.50

Purified Water, USP/BP/EP

Total 100.00 mg

% w/w, based on total
weight
multiparticulate
21.911

13.304
2.429
7.286

0.486
3.157
g.s. to make wet

rnEJ.SSNe
48.573

Although moisture is removed from the core during the drying process which

attempts at forming a multiparticulate pantoprazole.

is described below, the core preferably retains about 1% to about 2% w/w water.
Without wishing to be bound by theory, the inventors believe that this water content

contributes the stability of this multiparticulate as compared to the failed prior art

Optionally, an initial seal coat (or subcoat) can be applied directly to the core

composed of hydroxypropyl methylcellulose (hypromellose) and water. For example

prior to coating with the enteric coat. Although the components of this seal coat can

be modified by one of skill in the art, a particularly suitable initial seal coat is

H

a suitable initial seal coat can be applied as a 7.5% w/w hypromellose solution.
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12 min 89.65 75.15 - 15 min 101.58 97.15 91.92 - 30mm 105.29 100,67
98.96 45 mm 105.29 100.57 99.14 NET 75% 60 min 105.06

Typically, such a seal coat is in the range of about 2% wiw to about 4% w/w of the
uncoated core or about 1% w/w to about 2% w/w of the coated multiparticulate.

In one embodiment, a multiparticulate with a subcoat contains:

Ingredients | Amount/  Y%w/w, based
Capsule on total
weight
multiparticul
ate
A. Sub Coat: 4.00 mg 1.943
Pantoprazole Sodium Pellets 100.00 mg 48.573
(40 mg pantoprazole per 100 mg pellets)
Hydroxypropylmethyl cellulose 4.00 mg 1.943
2910, USP, 6¢ps
Purified water, USP/BP/EP 9.33 mg"
* removed during processing
Total 104.00 mg 50.516

The enteric coat is applied over the initial seal coat, if present, or directly to
the uncoated spheroid core. Suitably, the enteric coat is applied such that it coats the
core in an amount of about 15 to 45 % w/w, or about 20 % w/w to about 30% w/w, or
about 25% w/w to 30% w/w of the multiparticulate. In one embodiment, the enteric
coat is about 27.5 to 32.5 % w/w of the multiparticulate. Suitably, the enteric coat
contains a product which is a copolymer of methacrylic acid and methacrylates, such
as the commercially available Eudragit L 30D-55. In one embodiment, the enteric
coat is composed of a Eudragit L30D-55 copolymer, talc, triethyl citrate, sodium
hydroxide and water. More particularly, the enteric coating may contain about 30%
w/w of multiparticulate ( applied as a 30 wt% dispersion) of Budragit L 30D-55
coating; about 15% w/w talc, about 3% triethyl citrate; a pH adjuster such as sodium
hydroxide and water. Other suitable materials may be selected for use in the enteric
coat including, e.g., hydroxypropyl methylcellulose phthalate, cellulose acetate
phthalate and the like.

In one embodiment, a multiparticulate of the invention is provided with a

subcoat over the core and an enteric coat as follows:
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100.52 99.07 - In another embodiment, the resulting multiparticulate
formulation of the 5 invention achieves a mean AUC of 5451 to 5629
ng.h/ml and mean Cmax of 1865 to 1929 ag/m1 or an in-vitro dissolution
profile as shown below: Batch % Drug Release* Acid 2hrs Buffer (min)
15 30 45 Initial 0.08 101.77 107.44 107.38 6 Months @40C/75%12H 0.73
95.44 101.12 101.21 12 Months Fi'b25C/60%RI-10.30 96.11 101.92
102.20 *SpecificationsAcid at 2hrs- NMT 10.0%; Buffer at 45T 75%

Ingredients Amount/capsule Yow/w, based on
total weight
multiparticulate

Core + Subcoat 100.20 mg 48.67

Eudragit L.30D-55 208.00 mg 30.309

62.40 (solids)

Talc, USP, Altalc 500V 31.20 mg 15.155

Sodium Hydroxide, NF I N 9.30 mg 0.175

solution 0.36 (solids)

Triethyl Citrate, PG/NF 6.24 mg 3.031

Purified Water, USP/BP/EP 18338 mg"

* removed during processing

Total 204.20 mg 99.186

, In one embodiment, the enteric-coated multiparticulate is further coated with a
final seal coat. Suitably, this final seal coat is comprises hydroxypropyl
methylcellulose, and about 0.1% w/w to 10 % w/w of the coated multiparticle, 0.1%
w/w to about 5% w/w, or about 0.2% w/w to about 4% w/w.

In one embodiment, a final seal coat of hydroxypropyl methylcellulose in an
amount of 0.5 to 1 % w/w of the multiparticulate in water (which is removed during
processing) is applied over the enteric coat, Following this, a coating of talc can
optionally be applied over the final seal coat, in an amount of about 0.05 w/w to about
1 % w/w, and preferably 0.1 % w/w to 0.5 % w/w.

In one embodiment, the resulting multiparticulate formulation of the invention
achieves a geometric mean AUC ratio of test/reference of 89 to 94 with a 90%
confidence interval of 84 to 100 for the ratio or achieving a geometric mean Cmax
ratio of test/reference of 62 to 66 with a 90% confidence interval of 56 to 74 for the

ratio or an Zz-vitro dissolution profile as shown below:



10 However, the invention is not limited to these exemplary profiles.
Without wishing to be bound by theory, it is believed that final seal coat
layer of hydroxypropyl methylcellulose provides a physical barrier for
reduced contact between the rnucoadhesive Eudragit layer and the upper
Gl tract, and thereby allows the reliable transit of the multiparticulates to
the proper pH environment in the Gl tract for effective release and
absorption of the drug. In addition, the final seal coat layer of
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or may be applied over an initial seal coat. The enteric coat as descrlbed
above, is typically applied on a fluid b&d wurster oaten In one
embodiment, a final seal coat is applied over the enteric coat and,
70optionally, talc is utilized in the final step prior to filling the
multiparticulates into a suitable packaging unit.

the invention may be in any suitable form including, e.g., granules, pellets,
heaade minitahe enhentlae he adlete microcanciilee millienharac

The multiparticulate of
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30Suitably, the multiparticulate compositions of the invention are
formulated such that a patient receives a suitable amount of the
pantoprazole, e.g., 5 mg to 200 mg, about 10 mg to about 100 mg, or
about 40 mg (measured based upon free pantoprazole). Preferably, the
formulations are such that a suitable dose is delivered in a single dosage
unit. These doses may be administered daily for a suitable period of time,

weeks to eek but can be delivered for a shorter period of time,
th%rgﬁa%%l A 3 0g%/ve aHRecH %Eefo %%‘?omeré? Y 598HsaE Beh ¢l
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Ve
pac aged in a foil or other suitable package and is suitable for mixing into
a food product (e.g., 15applesauce and other acidic food vehicles) or into
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uring preparation of uncoated multiparticulates over four batches.
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NICA extruder/spheronizer) and the resulting spheroids are dried, sifted, and

optionally blended prior to storage.
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One of the batches (an approximately 200 gm batch) with 15%

20disintegrant crospovidone and with 1% hydroxypropyl methylcellulose

(Hypromellose 2208)-was selected as a prototype with similar release

profile. The sieve cut of the uncoated spheroids from this batch was

between 500- 1000 microns, B.Prototype Lab Batch (Batch A)

Approximately 100 grams of these uncoated spheroids were coated in a

253" tgristeer Lf(l)lflé Bed c%%e with Eudéggit L30D-55 and hypromellose

to resu e At I#b%r?’iéfﬁ&f ant advangggr i nsesiieg forthsis
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thdrsinedsmassasiits the ubiong strsnghyy triasisean thatithese

multinapligiates sgleaseddiug.al & faster rate than the current

Proto%?ié tablettglii pH 6.8 phosphate %1%%1; %%%gé% r%%.njlﬁﬁec %QF@QTISS&? the
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stability at accelerated conditions (30 C/65% re midi
COFE e £7606P )T AFiBSstability was monitored for 3 months. The potency

and disgolionaeshits: AT Rsetagindalia . The multibarticulates

were stable over the three m@r?th period and%l%l‘glbr%ogg?géj%%aﬁre% dose bf the
ungodtrhraeliates anatistoeapte rep e d aksrstabilitatineel poinit Mgt afiteric coat
as dissolion8adssRBINCAMEIRied on - RISSAIIQRWAS tested by filling

the stored spheroidsggn(t:o ﬁ%ﬁg sﬁ%lﬁﬁa{tﬁnac?d i@%@ﬁﬁ%& " ﬁ.ef‘N HCI

(targatrefs5BRatmstrs: finstl nroteoatis @oNEI10%) Holovwed byat and,
opdlisselufionin obt £ PROSRN . PULET (IRTORt Aplease at 45 min: not less

1D.than (}I\&IILT) 75%. The acceptange crﬁepgf)fgt(rathfréﬁrl?gt?gﬁé%uglgﬁghcﬁ%tgsf go 8

suglEgusckegaIAEL claim. Table L Stability of multiparticulates in clear

glassriials: Tash IR RERne, (3RLS). X issqlution : Bercentage

Released aEi)EUnit , 0.1 N HCli Seconda%~ y%?s%slto% igﬁgﬁﬁe form mCluad?ng’
e.g., granules, pellets, beads, minitabs, spherules, beadlets, microcapsules,

millispheres, nonocapsules, microspheres, platelets, tablets, and capsules, depending

upon the desired route of delivery.

Hi. Formulations, Kits and Methods of delivery

In another embodiment, the present invention provides products containing the
pantoprazole multiparticulates of the invention.

Suitably, the multiparticulate compositions of the invention are formulated

such that a patient receives a suitable amount of the pantoprazole, e.g., 5 mg to 200
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phos hate buffer 91.6% Initial 100.0% 0.9% Ambient Room Temp 1 _
month 97.2% 0.8% 88.5% 7 month 108.5% 0.8% 94.1% 30 'C/60% RH i
month 99.3% 0.5% 83.4% 2 month 98.3% NA NA 3 month 104.4% 0.7%

82.2% 40 00/75% RFT 1 ---

mg, about 10 mg to about 100 mg, or about 40 mg (measured based upon free
pantoprazole). Preferably, the formulations are such that a suitable dose is delivered
in a single dosage unit. These doses may be administered daily for a suitable period
of time, e.g., 4 weeks to 8 weeks, but can be delivered for a shorter period of time,
e.g,3 days to 3 weeks, one week to 3 months, or over a longer period, e.g., over 6
months, or longer. These compositions can be delivered alone or in combination with
an antacid or other suitable composition.

In one embodiment, the invention provides a method of treating humans by
administering an effective dose of the pantoprazole multiparticulates such that an area
under curve (AUC) at least bioequivalent to Protonix® 40mg tablet and Cmax as listed
in Table VI are achieved.

In one embodiment, the pantoprazole multiparticulates are packaged for use
by the patient or his caregiver. For example, the multiparticulates can be packaged in
a foil or other suitable package and is suitable for mixing into a food product (e.g.,
applesauce and other acidic food vehicles) or into a drink for consumption by the
patient.

The pantoprazole multiparticulate formulations of the invention are useful for
treatment of gastroesophageal reflux disease (GERD), ulcers of the stomach and
duodenum, and Zollinger-Ellison Syndrome.

In another embodiment, the pantoprazole multiparticulates are suspended in a
physiologically compatible suspending liquid.

In yet another embodiment, the pantoprazole multiparticulates are filled in
capsules, caplets or the like for oral delivery.

In still a further embodiment, the invention provides method of treating a
subject in need thereof by administering an effective dose of the pantoprazole

multiparticles of the invention.

The following examples illustrate specific embodiments of the invention and

are not a limitation on the present invention.
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1 month 95.4% 0.7% 86.11 2 month 97,3% NA NA 3 month 102.7%
0.7% 89.4% ne capsule -0 released. Example 2- COATED
PANTOPRAZOLE SODIUM MULTIPARTICULATE FORMULATIONS
(BATCH B) Based upon the lab batch A, a further scale-up batch of
1400 a was manufactured using a 7" wurster fluid bed coater. During
coating for this batch, the level of hydroxypropyl methyl cellulose initial

Wash 2% lght n ' iculates as

i s sl etzetolil® (EHa U I
F Ok ATUEMNGt L30D-55 used was 22.16% w/w. Also, the talc was

added directl Ing_suspension.as a larger nozzle size (1 rum)

s Lo O L e WG o Ao s
setirjhl (810%yans varyasiatse totheplirtinoE0 WerEhisaBateinB) dichBetmestget
- ilj issolution, criteria when tested at accelerated conditions
S e I B s SR et
tablstcls imdishreathrbinanitialisenl Cfaef gréateribpnRUsolurenateee

: iparti es stabili the multiparticulates. Additionally,
dlgn}ggge%r%kgﬁc (ﬁﬁé‘er o%%?rllé%ﬁa%é/ l;%p eaﬁg%(%?ag%gggr#ﬁg’f%@ﬂg@ ﬁ%lilyl
ceHulg sadenmds e provess ivsbaled dpritExampiEtonRRERARATION OF

mAANEQRRAZQLE MULTIPARTICULATES SCALE-UP BATCH A.

Technical Batch ~Using a NICA. extruder/spheronizer, a 36 kg
technftal baldrepimtvnsddmadpsarfomareswés Sréparddiéneb20ckinal

this batch weR gﬂ&ﬁpﬂ '£h @6 -15 machine to result in a
32 kg batch of cloiag(ed muItip9é icu?%%es. ﬁ]%(%?lv%ﬁeg?%ggrraﬁepolymer,

miEigrAGTASED b esd Wasoxy mepy hmwtiiphis batck (hasriitedinto xloe)g3
- -a fil ' 5 The rele in0.1 N HC] at 2
O 8 R R ugpertie,
poa@@é&qfq&@c%l@@s&eﬁ@mﬁwmb adjiustmzeisweene HER edto dfide trortila
S Inisal linical Batch Two .12 kg suh
H(g%%%g%ggf afv?eetggranulgmggg V\I}gellrgg&é%rﬂsdﬁé{&mgﬁg &p SRR BEShE 2
NINKEA estinsigelyshberoazemd thdtiphdroide treuttipattiedlatesederature not

15 u% ticulates were tra %}ried at 40C for_10 to 12 hours to the desired
0o DB oSS 1A 94 OF G BRI Bt HEroriya 878 Siheroids are
stanecaatédimultiparticulates were used for coating to ensure uniformity and

completene§ %fo%%tér%%g the GPCG- 15 machine. The sieved uncg)ated
multiparticulatés Were coated \g\?i?hagﬁrﬂﬁﬁ&ﬂ%&g&&ﬁ%ﬁﬁf%ﬂ?%é%se

digeigeat, dolipweid dye anEuditadic h30D=:ypepeisethylcellulose

(Hypromellose 2208)-was selected as a prototype with similar release profile. The

sieve cut of the uncoated spheroids from this batch was between 500 — 1000 microns.
B. Prototype Lab Batch (Baich A)

Approximately 100 grams of these uncoated spheroids were coated in a
3” Wurster Fluid Bed coater with Eudragit L.30D-55 and hypromellose to result in
Enteric coated multiparticulates.

During coating for this batch, the level of hydroxypropyl methyl
cellulose (HPMC) initial seal coat was 4% of the weight of the uncoated
multiparticulates. The % w/w of the dry polymer Eudragit L30D-55 used was
22.16%. In the coating batch, talc was introduced as dry powder in the coating

chamber instead of being a part of the suspension. This was due to the small nozzle
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20coat, followed by a hyclroxypropyl methycellulose final coat to result in
33 kg of coated multiparticulates. This batch was filled into size #2 FIPMC
capsules at a fill weight of 206 mg. The release in 0.1 N ITC1 at 2
hours was less than the 10% limit and in pH 6.8 phosphate buffer, it was
greater than the 80% limit at 45 minutes. The batch 75met in vitro release
characteristics. The one month stability date showed that the

. multiparticulates were stable at 40 C/75% RH for one month. Currently,
S R CablE 0 Bh L e ¢ Ot Pk G
Tiat 46rceg. 0F tARYarRHri Slakikity- stgheatiroang [er PRk e Q%C%yg%lpared to
b d one year is ongoing. The one year room temperature stability
e B 1 B AT AP R HE PN ARG Tab D partcs e
hasphéitid fittedicagsulerhad @aﬁ@éii&ﬁbii{t WD Hﬁ@é@g&eoﬁd“ B8 '@%]Q%gi(g@%@% suéi:s were
__compared to the P ix 40 mg tablet in pH 6. osphate buffer. Table
DI OF oo oA K TB SO PSP LR C Mg e At rhgoFeiesed
in Appearaliich aricbDesaip oS LR YHPAGE Wa! (PR A in 45

.Distsoluti n \S/%% eifi ea tion #2 Opaque white capsules (cap and body)

TEoh asiralllsnge e to off-white colored spheroids 90.0- 110.0% Label Claim

(LC) For Infermatieapsangestesingie:Knowapor WRKIOWand AUC were
compared against the current marketed Protonix 20 mg tablet (and values were
extrapolated to the 40 mg strength). It was seen that these multiparticulates released
drug at a much faster rate than the current Protonix tablet in pH 6.8 phosphate buffer
as desired. The final seal coat comprises hydroxypropyl methylcellulose
(hypromellose) and water. This batch was packaged as spheroids in clear glass vials
and placed on stability at accelerated conditions (30 °C/65% relative humidity (RE)
and 40 °C/75% RH). The stability was monitored for 3 months. The potency and
dissolution results are presented in Table I. The multiparticulates were stable over the
three month period and a 40 mg equivalent dose of multiparticulates filled into
capsules at each stability time point met all dissolution and stability criteria

Dissolution was tested by filling the stored spheroids into capsule
shells, and dissolving in 0.1 N HCI (target release at 2 hours: not more than (NMT)
10%%0), followed by dissolution in pH 6.8 phosphate buffer (target release at 45 min:
not less than (NLT) 75%. The acceptance criteria further required a strength of 90 to
110% of the label claim.

14
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Impurity <0.5 (RRT) Total Known and Unknown Impurities <2..0
Dissolution in 0.1N HCI NIV1T 10% in 2 hrs. Conforms to USP <724>
Dissolution in Phosphate Buffer NLT 75% in 45 min. Conforms to USP
<724> Unit % % % % % 04

‘Table I: Stability of multiparticulates in clear glass vials.

Test Time Strength (HPLC) | Dissolution — Percentage Released
% Label (avg)

Unit 0.1 NHC] Secondary
dissolution in
phosphate buffer

Initial 100.0% 0.9% 91.6%

Ambient Room Temp | 1 month | 97.2% 0.8% 88.5%

7month | 108.5% 0.8% 94.1%

30 °C/60% RH 1 month | 99.3% 0.5% 83.4%

2 month | 98.3% NA NA

3 month | 104.4% 0.7% 82.2%
40 °C/75% RH 1 month | 95.4% 0.7% 86.1"

2 month | 97.3% NA NA

3 month | 102.7% 0.7% 89.4%

' One capsule — 78% released.

Example 2 — COATED PANTOPRAZOLE SODIUM MULTIPARTICULATE
FORMULATIONS (BATCH B)

Based upon the lab batch A, a further scale-up batch of 1400 g was
manufactured using a 7” wurster fluid bed coater. During coating for this batéh, the
level of hydroxypropy! methyl cellulose initial seal coat was 2% of the weight of the
uncoated multiparticulates as compared to 4% for the coated Batch A. The % w/w of
the dry polymer, Eudragit 1.30D-55 used was 22.16% w/w. Also, the talc was added
directly to the coating suspension as a larger nozzle size (1 mm) was used.

Initial release of coated multiparticulates in 0.1 N acid was high (9.0%) and
very close to the limit of 10%. This Batch (B) did not meet the stability and
dissolution criteria when tested at accelerated conditions (30 °C/60% relative
humidity (RH) and 40 °C/75% RH). Trial from this batch indicated that an initial seal
coat of greater than 2% of uncoated multiparticulates enhances stability of the
multiparticulates. Additionally, more enteric polymer loading may be beneficial to

control the release in acid media as the process is scaled up.
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Initial Conforms 100.3 5 BRL BRL 0 105 Initial (Spher olds only)" 0 107
25C/6 0%REI

Example 3 — PREPARATION OF PANTOPRAZOLE MULTIPARTICULATES
SCALE-UP BATCH
A. Technical Batch

Using a NICA extruder/spheronizer, a 36 kg technical batch of
uncoated multiparticulates was prepared and 20 kg of this batch were enteric coated in
a Glatt GPCG-15 machine to result in a 32 kg batch of coated multiparticulates. The
% wiw of the dry polymer, Eudragit L30D-55 used was 22.16% w/w. This batch was
filled into size #3 HPMC capsules at a fill weight of 156 mg. The release in 0.1 N
HCI at 2 hours was greater than the desired 10%. Based on this, taking into account
scale-up effects, minor adjustments were made to the formula and process for clinical
batch.

B. Clinical Batch ,

Two 12 kg sub batches of a wet granulated mass were extruded and
spheronized on a NICA extruder/spheronizer resulting in wet multiparticulates. The
1ﬁultiparticu1ates were tray dried at 40 °C for 10 to 12 hours to the desired % LOD of
3.4% to 4.3%. The batch was screened and only 16 kg of uncoated multiparticulates
were used for coating to ensure uniformity and completeness of coating in the GPCG-
15 machine. The sieved uncoated multiparticulates were coated with an initial
hydroxypropyl methycellulose seal coat, followed by an Eudragit L30D-55 enteric
coat, followed by a hydroxypropyl methycellulose final coat to result in 33 kg of
coated multiparticulates. This batch was filled into size #2 HPMC capsules at a fill
weight of 206 mg.

' The release in 0.1 N HCI at 2 hours was less than the 10% limit and in
pH 6.8 phosphate buffer, it was greater than the 80% limit at 45 minutes. The batch
met in vitro release characteristics. The one month stability date showed that the
multiparticulates were stable at 40 °C/75% RH for one month. Currently, this batch is
stable up to one year at room temperature and upto 6 months at 40 deg.C/ 75% RH.
Stability study at room temperature condition beyond one year is ongoing. The one

year room temperature stability results of this batch are shown in the following Table
IL.
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1 Month No Change 99.5 5.2 0.17 (1.39) 0.17 1 103 2 Month No Change
101.4 4.6 0,15. (1.38) 0.23 0 101 3 Month No Change 101.2 4.5 0.17

compared to the Protonix 40 mg tablet in pH 6.8 phosphate buffer.

The spheroid filled capsule had a faster in vitro release (dissolution) as

Table II: Stability of Pantoprazole Sodium Spheroid-filled Capsules, 40 mg

Appeara | Strength Water (KF)
Test | nceand | (HPLC) Purity Dissolution
Descripti
on
Specifi | #2 Opaque 90.0— For Information | Largest Total Dissaolution in Dissolution in
ca white 110.0% Single | Known and 0.INHCI Phosphate Buffer
tion capsules | Label Claim Known | Unknown | NMT 10% in NLT 75% in
(cap and (LG or Impurities |2 hrs. Conforms |45 min. Conforms
bady) - | Unknown <2.0 to USP <724> to USP <724>
containing Impurity
white to <0.5
off-white
colored (RRT)
spheroids
Unit % % % % % %
Initial | Conforms 100.3 5.1 BRL BRL 0 105
Initial 0 107
(Spher
oids
only)”
25°C/6
0%RH
1 No 99.5 52 0.17 0.17 1 103
Month | Change (1.39)
2 - No 101.4 4.6 0.15 0.23 0 101
Month | Change (1.38)°
3 No 101.2 4.5 0.17 0.17 0 100
Month | Change (1.39)
6 No 101.3 4.5 0.18 0.24 0 100
Month | Change (1.38)°
6 0 112
Month
(Spher
oids
only)”
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10

(2.39) 0.17 0 100 6 Month No Change i 101.3 4.5 0.18 (1.30 0.24 0 100 6
Month (Spher olds only)a 0 112 Stability of Pantoprazole Sodium
Spheroid-filled Capsules. 40 mg (Cont'd) Test Appeara nee and Deseripti
on Strength (EIPLC)

Stability of Pantoprazole Sodium Spheroid-filled Capsules, 40 mg {Cont'd)

Appeara| Strength
Test nce and | (HPLC) |Water (KF) Purity Dissolution
Descripti
on
Specific  [#2 Opaque| 90.0-110.0% For Largest Total Known Dissolution in | Dissolution in
Ation white Label Claim | Information Single and Unknown | 0.IN HCINMT | Phosphate
capsules (o)) Known or Impurities 10% in 2 hrs. Buffer
(cap and Unknown <2.0 Conforms to NLT 75% in
body) Impurity USP <724> 45 min.
containing <0.5 Conforms to
white to USP <724>
off-white (RRT)
colored
spheroids
Unit % % % % % %
9 Months No 99.2 5.1 0.21 0.33 0 101
Change (1.40)°
9 Vlonths 0 108
(Spheroids
only)"
12 Months No 99.1 5.1 0.08 0.23 0 102
Change (0.14) .
12 Months 0 104
(Spheroids
only)’
BRL = Below Reporting Limit (0.05%). NMT = Not more than. NLT =Not less
than. RRT = Relative retention time,
a:  Initial and revalidation dissolution results are provided for Pantoprazole Sodium Spheroids, 40 mg/206

mg, which is the ingoing batch of spheroids used for manufacture of Pantoprazole Sodium Spheroid-
filled Capsules, 40 mg.
b.  Corresponds to the impurity at RRT=1.39.

Example 4 — Evaluation of Batch A Formulation in Beagle Dogs

The in-vitro release data of the sodium pantoprazole multi particulate

formulation shows a faster release than the current marketed tablet. This provides

earlier absorption and thereby a faster onset of action. The dog data clearly shows

earlier drug levels of sodium pantoprazole from multiparticulates as compared to the

single monolithic tablets. Earlier onset of action provides faster relief from gastric

pain and other gastrointestinal (GI) disorders.

Pantoprazole sodium formulations have been evaluated in Beagle Dogs (n=5).

The mean (SD) pharmacokinetic parameters and relative bioavailability of

pantoprazole is illustrated in the Table III below.

18




Water (1(F) Purity Dissolution Specific Ation #2 Opaque white capsules
(cap and body) containing white to off-white colored i spheroids
90.0-110.0% Label Claim (LC) For Information Largest Single Known or
Unknown Impurity <0.5 (RRT) Total Known and Unknown Impurities <2.0
Dissolution in OAN 1-ICI NMT 10% in 2 hrs. Conforms to USP <724>
Dissolution in Phosphate Buffer NLT 75% in 45 min Conforms to USP

<7245 ﬂﬁhs‘&g{%ﬁ’{," ﬂ%%on-optimized lab batch of sodium pantoprazole

multiparticulate formulation dosed in dogs shows smaller lagbtime than the current
marketed tablet. In the following table, AUC refers to the area under a curve plotting
mean concentration against protocol time. Cpax refers to the maximum observed

5 concentration value in the blood sample after administration. Tpaxrefers to the time
point when C max occurs. Tiag refers to the time following administration before
effective amounts of the drug are observed in the circulation; ty, (i) provides the
half-life for drug elimination. Relative bioavailability compares the absorption of 2

product from the gut in comparison with a dose given intravenously (assumed 100%).

10
Table IIT
The mean (SD) pharmacokinetic parameters and relative bioavailability of
pantoprazole
20mg Market Tablet 40mg Multiparticulate
Batch A Capsule
Parameter Pantoprazole Na* Batch A with enteric coat -
Pantoprazole Na
AUC (pg*hr/mL) 16.3 (2.46) 17.3 (2.33)
Cmax (pg/mL) 11.7 (3.55) 7.10 (1.76)
Tmax (hr) 1.70 (0.84) 1.20 (0.27)
tlag (hr) 1.10 (0.91) 0.25 (0.18)
t 44 (hr) 0.62 (0.17) 0.77 (0.21)
Relative Bioavailability - AUC: 106%"
Cmax: 61%"
15 a: AUC and Cmax are normalized to a 40mg dose

b: Relative to Market Product Tablet

The dog data of the sodium pantoprazole multi particulate formulation gives a
similar AUC as the current marketed tablet. Without wishing to be bound by theory, it
20 is believed that the faster release and similar AUC of the multi particulates is achieved

by lowering the level of the disintegrating agent crospovidone (as compared to the
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% % 9 Months No Change 99.2 5,1 0.21 (1.40)6 0.33 0 101 9
Months (Spheroids only)' 0 108 12 Months No Change 99.1 5.1 0.08
(0.14)

level in the tablet) and incorporating the functional excipient polysorbate 80 in the

core of the spheroids.

EXAMPLE 5 - PANTOPRAZOLE SODIUM SESQUIHYDRATE :EXCIPIENT
FORMULATIONS

This study was performed to determine the compatibility of pantoprazole
sodium sesquihydrate with hypromellose 2208, sodium lauryl sulfate (SLS),
crospovidone, and polysorbate-80.

A. Study Design

The study consists of two sets of samples. The first set contained drug
and excipient. The second set contained drug, excipient and approximately 2 pl water.
The reason for the water along with the drug and the excipient is to see whether
additional water present causes any incompatibility.

The excipients were mixed with the drug in the ratio indicated in the
following table. The excipients and the drug were weighed into a glass vial. Then the
vials were vortexed for 15 seconds. Similarly, a second set of samples was prepared.
Approximately 2 pl (the smallest amount of water that can be added with the pipette
in the lab) was added to these vials. Then the vials were vortexed for 5 seconds.
Finally, the first and second set of vials were capped and placed in stability chambers.
The conditions tested were 40°/75%RH and 51°C for 3 weeks.

B. Results

The results of this drug-excipient compatibility study are presented as

Yo recovery in the Table I'V below. The selection criteria for the compatibility or in-

compatibility are based on the % recovery between 90-110%.
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0.23 0 102 12 Months (Spheroids onlv)" ---- - 0 104 - - Below Reporting
Limit NMT = Not more th NET = Not less than.RRT = Relative retention
thne. a:initial a id revalidation dissolution results are provided for
Pantoprazole Sodium Spheroids, 40 me/206 mg, wh.ch is the ineoing
batch of spheroids used for manufacture of Pantoprazole Sodium
Spheroid filled Capsules, 40 mg. b.Corresponds to the impurity at

RRT=1.39. Examp - Evaluation. of Batch A For ,u]ﬁg n in Beagle Dogs
The in-vitro releasel? g%%%c%'t éu%%ﬁﬁpbeéﬁtg%%%% ﬁ%f)%‘llfft‘,ulate

d-tahlnt T!“IIC

forufation ShowsafasIer Tetease tharr the-Current-marketed-tablet—Th
provides earlier abggrption and thereby a faster onset of action. The dog

data clearly shcvxgxgﬂ; ler drug levels of sodium pargegsazgie from
multiparticulates as compared to the 10single monolithic tablets. Earlier

onset of action provides faster reliéffohFEasric pain and btleer Excipient + Water

gastrointestinal (GB disorders;g-c//53Ripprazote sodim jbu@%%tﬁpo Toc
have been evaluated in Beagle Dogs (n=5). The mean|(SD)

pharmacokinetic parameters and wetative bioavaselbility of pant@prazole Sweeks

ConftiolaetiPthe Table Il below, 94-67 As illlistréted3the nonsdptimized lalye.64

lateformulation-dosed-indogs

By REmR segiunTpantoprazote-migitinarticulate formutat g
USshaws smaller lag tlir%ythan the %gubflpgnt marketed Bablat. Inthé ollowiing®7-421

SodfabiBw A Fefers 1o{He area ungep grcurve piygﬁﬂ% mean-canReentration
(SL$igainst protocal time. Cmax refers to the maximum observkgg’m; 93.088

Crogporiderstrdfion valuel ihthe blood s@aonsple after agloypistrations Bia), Teferss 71¢

BB HTE iRt when-E-mex-oegprs—Hagrrefers-to-the-time following
rr/Eipisyiation before ‘effective amounts of theggt%%] aré observat in the 81405
sourgtyculation; t1/4 (hr) provides the half-life for drag elimination. Relative

bioavailability compares the absorption of a product from the gutin
comparison with a dose given intravenously (assumed 100%). 10 Table 1lI

The riean {BHysphasmacokingticgasameteysohiakativehaayailabilityaetwn
HPROIRRIRROR B SIS Z0mA ket Tapletioma Muliparticulate i
pantoprazole sodium sequihydrate at 40°C/75%RH for 3 weeks. Hypromellose 2208,
SLS and crospovidone are compatible with pantoprazole sodium sequihydrate at
40°C/75%RH and 51°C with and without additional water for 3 weeks.

In this study degradation compounds were not studied. However, the pediatric
clinical formulation, [pantoprazole sodium sesquihydrate 45.24% w/w;
microcrystalline cellulose 27.25% w/w; polysorbate 80 5 % w/w; crospovidone 15 %
w/w; hypromellose 2208 1% w/w; sodium carbonate 6.5% w/w; purified water g.s.],
was studied under accelerated conditions of 40°C/75%RH and is stable up to 6
months, providing a 2 year room temperature shelf life.

The components of the pediatric formulation are provided in the following
Table V.
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Batch ACapsule Pantoprazole NaBatch A with enteric coat - Pantoprazole
Na AIX (itathrirri)16.3 (2.46)17.3 (233) Cmax (p.g/mL)11.7 (3.55)7.10
(1.76) Tmax (hr)1.70 (0.84)1.20 (0.27) tag (hr)1.10 (0.91)0.25 (0.18) t V2
(hr)0.62 (0.17)0.77 (0.21) Relative BicavailabilityAUC: 106%b Cmax:
61%b 15a: AUG and Cmax are normalized to a 40mg dose b: Relative to
Market Product Tablet The dog data of the sodium pantoprazole multi
particulate formulation gives a similar AUC as the current marketed tablet.

Without iﬁailill he-bound uy ulcuny, it-20is-believed-that the faster
release anﬁ‘%lnﬁ%;lr%c of the multi particu M& ?@%ﬁ?@%ﬁsby lowering

the level jof the disintegrating agent crospovidone (as compared to the

level in th&€tablet) and incorporating the functional excipiént polysorbate

80 in the care of the spheroids., — EXAMPLE 5- PANTORRAZOLE

SODIUM éB@Q@IFFYDRATE :EXCIPIENT 5 FORMUYATISNGw

study was_performed to determine the compatiiitieof pahtoprazole

sodium seiitiyarate Sadony promélipdmz208 sbtium lauryisulfate
LICDIB

This

(SLS), a t J,U. he-study
c?]nsists o%ﬁ%\%%? é't'ar?ﬁ‘é E%@Bé?mrst set 3%;1 ained d % excipient.

The secar rug;exciprent-an .UA....W
The reaso%t tb eivﬁg?g%ng with the drug aﬁ‘rjmlgqhe excjpieut’is to see

whether a@lflolsuncu vvau—; esent-catsesam mpatibility—The

excipients p/em Qn \%g the drug in the rartl nz?glcated .ﬁ%ﬁé

15followin F/I'fﬁ e .m he-grdg-were wmgtqed—mm_a_g]ass__.
vial. The nl}?he v1a|s Were Fex% (Tpo]rt 5 sec ;ﬁo@ Simila I9 Becond set

of sample§Q/d9(ETpQﬂ®hDedteANﬁrOX|mately 2 pl gthe Sm:ﬁ?fm agwount of

water that b p\.u\. in-the-lab)w dded to these

vials, Th=nUt lfé%?aw%r g gﬁ@é@? for 5 seconds. Finally, fHe fr8iaksavet mass’
second sef@tlials were capped and placed |irl &tallitycchandsess3 20The
conditio estecrwere 401 +5%R1-1and-51Cfor-3-weeks. B. Results

The resu%lof*%s-érug -excipient compatlbll@gﬁ?o@/%?e p‘%@égnted as %
recovery Butheglabievseelow. The selectio T9g seenpatibiity

or inconmn

patibility are based on the % recove

nertetia o
rypapveen

(solids)

90-110%.

Talc, USP, Altalc 500V

3120 mg

15.155

Sodium Hydroxide, NF 1 N solution

9.30 mg
0.36
(solids)

0.175

Triethyl Citrate, PG/NF

6.24 mg

3.031

Purified Water, USP/BP/EP

183.38
mg*

* removed during
processing

Total

20420 mg

99.186

Final Seal Coat:

1.54 mg

0.748

Hydroxypropyl Methylcellulose,
JSP 2910, 6¢ps

1.54 mg

0.748

Purified water, USP/BP/EP

18.99 mg*

* removed during
processing

Total

205.74 mg

99.934

Talc, USP, Altale 500V

0.14 mg

0.068

Total

205.88 mg

100.002
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Table 1V: Drug: Excipient Compatibility Results Excipient Ratio of Drug:
Excipient % Recovery Drug + Excipient Drug + ExcipienWater
40C/75APJ-1 51C 40C/75% RH 51C 3 weeks3 weeks 3 weeks 3 weeks
Control (Drug alone) 94.67 100.53 94.60 96.64 Hyprornellose 2208,
'LISP, 3cps 10:1 99.209 93.248 93.811

EXAMPLE 6 - Evaluation of Pantoprazole Sodium Formulation in Human
Adult Subjects

In this study, 40 mg pantoprazole sodium, formulated as described,
clinical pediatric formulation, was administered to healthy human adults (n=24) by
sprinkling in applesauce, in tablet form, or as an aqueous suspension prepared using
an Inactive powder blend and water (8 in each group).

In t}"ieb following Table VI, column 1 pro‘\’/ides the pharmacokinetic (PK)
parameters, AUC (area under the concentration curve), AUCr is the area under the
concentration time curve, and Cpay, maximum concentration. The second column
provides the test/reference geometric mean (GM) ratio. The third column provides the
confidence interval for the GM ratio. [The FDA considers a test product to be
bioequivalent to a reference product if the 90% confidence interval (CI) of the
geometric mean ratio of AUC and Cpay between the test and reference fall within 80-

125%]. ~The confidence interval is calculated using WinNonlin software.

Table VI: Human PK study Results
A. Spheroids sprinkled in applesauce:

PK parameter Test/Reference 90% CI for ratio*
GM ratio
AUC 90 84-96
AUCr 89 84-95
Cmax 62 56-70
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97.421 Sodium Lauryl Sulfate (SLS) 5:3 99.947 98.763 95.466 95.088
Crospovidone,NF 10:1 100.08098.908 97.201 105.716 Potysorbate-80,
IM, BP/EP (vegetable source) 10:1 98.301 90.961 99.908 81.405

From the results shown in the table, the following conclusions can be
drawn. Hypermellose 2208, SLS, crospovidone and polysorbate-80 are
compatible with pantoprazole sodium sequihydrate at 40C/75%RH for 3
Weelg. Hyp'goﬂ;"locfe. 2208, LS and crospovidone are compatible with
pantoprazo & god%urfw@éé‘fﬁ?%?%e at 400C/75%RH and 51C with and

without additionaLwa%wWWﬂWw
compounds were not Yoetwever, theHEdeeOSRnical fithWhteiatio

[pantoprazole soditm-sesquihydrate 45 ')A%GMA}'?P}Q(*rnrryqtalline
cellulose 27.25% wi/w; polysorbate 80 5 % w/w; crospovidone 15 % wi/w;
hypromellose 2208 1% V\/ﬁ/\((r{%odium carbonate 8%5% wiw; purifie&@v&@@r
g.s.], was studied under %: lerated conditions of 40C/75%121.1 and is
stable 111) to 6 15month%, fﬂ)viding a2 year rodfn temperature shétt ffe.
The components of the pediatric formulation are grovided in the following
Table V. Formulation:: MdRtfculates Core: @ 60-74

The lag time in the absorption of the tablet was higher compared to the
sprinkle and suspension formulations. The entire drug in the tablet is released over a
small time interval and therefore a higher Cpay is obtained. With the spheroid
formulations, drug from each spheroid is released over a longer time interval and
therefore the Cpax is lower than the tablet. However, the period of time following
administration that pantoprazole remained in the circulation is similar for the 3

formulations.

All documents identified herein are incorporated by reference. One of skill in
the art will recognize that minor modifications to the conditions and techniques
described in the specific embodiments described herein can be varied without
departing from the present invention. Such minor modification and variants are

within the scope of the invention as defined by the following claims.
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Ingredients Amount/C apsule % w/ Pantoprazole Sodium Sesquihydrate
45.11 21.911 Microcrystalline Cellulose, NF/EP (Avicel PH 101) 27.39
13.304 Polysorbate 80, NF Vegetable source 5.00 2.429 Crospovidone,
NE15.00 (Polyplasdone XL) 7.286 HPMC USP/EP (Methocel) K3 1.00
0.486.8Bdlum Carbonate, NE 6.50 3.157 Purified Water, USP/BP/EP g.s.
to make wet mass' Total 100.00 mg 48.573 Enteric Coat: 100.20 mg 48.67

1. Pantoprazole multiparticulates having reduced release under gastric
conditions and fast release at neutral pH, wherein each of said multiparticulates
comprises:

a spheroid core comprising pantoprazole or an enantiomer thereof, or a salt
or hydrate thereof and at least one surfactant present in a ratio from 10:1 to 5:3
pantoprazole:surfactant (w/w) and/or from 2% to 7% (w/w) of surfactant to core;

an initial seal coat on the spheroid core;

and

an enteric coat on the initial seal coat,

wherein said coated multiparticulates have a diameter in the range from 0.7
to 1.25 mm.

2. Pantoprazole multiparticulates according to claim 1, wherein said
spheroid core comprises pantoprazole or an enantiomer thereof, or a salt or hydrate
thereof present in an amount of about 40 mg of pantoprazole per 100 mg uncoated
multiparticulate, wherein the amount of pantoprazole is measured in the free base

form.

3. Pantoprazole multiparticulates according to claim 1, in which the
pantoprazole or an enantiomer thereof, or a salt or hydrate thereof is a pantoprazole

sodium.

4. Pantoprazole multiparticulates according to any of claims 1 to 3,
wherein
the multiparticulates comprise pantoprazole sodium sesquihydrate and are
administrable in the form of a suspension comprising 40 mg of pantoprazole,
wherein following administration of the suspension to humans the
pantoprazole is characterised by a geometric mean AUC ratio of 88% to 100% (40

mg multiparticulate to 40 mg commercial pantoprazole tablet) and a geometric
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Eudragit L30D-55 208.00 mg 62.40 (solids) 30.309 Talc, LISP, Altaic
500V 31.20 mg 15.155 Sodium Hydroxide, NE 1 N solution 9.30 mg 0.36
(solids) 0.175 Triethyl Citrate, PG/NE 6.24 mg 3.031 Purified Water,

USP/BP/EP 183.38 mg* * removed during processing 99.186 Total
20402@rhgnax ratio of 60% to 74% (40 mg multiparticulate to 40 mg commercial

pantoprazole tablet).
5. Pantoprazole multiparticulates according to any of claims 1 to 3,
wherein

the multiparticulates comprise pantoprazole sodium sesquihydrate and are
administrable in an amount of 40 mg pantoprazole in applesauce,

wherein following administration of the 40 mg of pantoprazole
multiparticulates sprinkled in applesauce to humans the pantoprazole 1s
characterised by a geometric mean AUC ratio of 84% to 96% (40 mg
multiparticulate to 40 mg commercial pantoprazole tablet) and a geometric mean
Cmax ratio of 56% to 70% (40 mg multiparticulate to 40 mg commercial

pantoprazole tablet).

6. Pantoprazole multiparticulates according to any one of claims 1 to 3,
wherein the surfactant comprises sodium lauryl sulfate or a polysorbate, or a

combination thereof.

7. Pantoprazole multiparticulates according to claim 6 wherein the

surfactant is polysorbate 80.

8. Pantoprazole multiparticulates according to any one of claims 1 to 7
wherein the core further comprises a disintegrant comprising from 25% to 45%

(w/w) of the core.

9. Pantoprazole multiparticulates according to claim 8, wherein said
disintegrant is selected from the group consisting of microcrystalline cellulose,

crospovidone, and mixtures thereof.

10. Pantoprazole multiparticulates according to any one of claims 1 to 9

wherein the core further comprises a binder.
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Final Seal Coat: 1.54 mg 0.748  Hydroxypropyl Methylcellulose, USP
2910, 6¢ps 1.54 mg 0.748 Purified water, USP/BP/EP 18.99 me 205.74

mg processing * removed during 99.934 Total Talc, LISP, Altaic, 500V
0.14 mg 0.068 Total 205.88 mg 100.002 EXAMPLE 6 - Evaluation of
Pantoprazdle SobnteEermatatidipart-uates AdolidSuyjectsiin thisvetdyy, said
40 ¥ t I ' rmulat escri linical iatri
o ety e TG o 0 B
sprinkling in applesauce, in tablet form, or as an aqueous suspension

prepared ysing aﬁ%@}%%@%ﬂﬁ;%@&ﬁﬁ@&@%ﬁ& i @ﬁﬂ 95Oé'>’é)p'%5aim 11,

In the foI_Iowing Table VI, column 1 provides the phannacokinetie
pardhsetars amUt (srea luridex theoppheitrhtoubesse), AUCT is the area

under the

13. Pantoprazole multiparticulates according to any of claims 1 to 12

wherein the multiparticulates have an average diameter of about 1 mm.

14. Pantoprazole multiparticulates according to any of claims 1 to 13

wherein the core further comprises a pH adjuster.

15. Pantoprazole multiparticulates according to claim 14 wherein said

pH adjuster is present in from 3% to 7% (w/w) of the multiparticulate..

16. Pantoprazole multiparticulates according to claim 14 or claim 15
wherein said pH adjuster is selected from sodium carbonate, sodium bicarbonate,

potassium carbonate and lithium carbonate,

17. Pantoprazole multiparticulates according to any of claims 1 to 16,

wherein said core further comprises from 1% to 2% water.

18. Pantoprazole multiparticulates according to any of claims 1 to 17,

wherein said pantoprazole is present as a pantoprazole sodium sesquihydrate.

19. Pantoprazole multiparticulates according to any of claims 1 to 18,
wherein said enteric coat comprises a copolymer of methacrylic acid and

methacrylates in the range of 15% to 45% (w/w) of the core.

20. Pantoprazole multiparticulates according to any one of claims 1 to

19, further comprising a final seal coat on the enteric coat.
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10 concentration time curve, and Cmax, maximum concentration. The
second coluirm provides the test/reference geometric mean (GM) ratio,
The third column provides the confidence interval for the GM ratio. [The
FDA considers a test product to be bioequivalent to a referenceﬁroduct.if

the 90% cohfiderCERRERIC@H BPiRbcyLi st THaS 1t PRV gis the
C..faeinwesndhie teshiandyefergnaefadl within 8Qndsdeeitlied he

confidence interval is calculated using Vv inNonlin software. Table VI:
Human PR study Results A.Spheroid's sprinkled in applesauce: PR

parameten est/Refarppen oM iatin A% fdfacsation M G184 96 claim 21,
AUCT 89 84-95 Cmax 62 56-70 20 5 PK parameter Test/Reference90%

CI ToRGaaiB BRIPMGo AIGEABRI 1D THISEY GO THEinaNs8b0-74
Thenag-meisséhe absorption of the tablet was higher compared to the

23. Pantoprazole multiparticulates according to any one of claims 1 to
22 wherein said initial seal coat is in the range of 2 to 4 % w/w of the weight of the

uncoated core.

24.  Pantoprazole multiparticulates according to any of claims 1 to 23,

wherein the initial seal coat comprises hypromellose.

25. Pantoprazole multiparticulates according to any one of claims 1 to
24, wherein the pantoprazole or an enantiomer thereof, or a salt or hydrate thereof,

is present in the range of from 5 to 50% w/w, of the spheroid core.

26. Pantoprazole multiparticulates according to claim 25, wherein the
core comprises microcrystalline cellulose in an amount of 25 to 30% w/w of the

spheroid core.

27. Pantoprazole multiparticulates according to claim 25 or claim 26,
wherein the core comprises crospovidone in an amount of 14 to 16% w/w of the

spheroid core.

28. Pantoprazole multiparticulates according to any of claims 1 to 27,
wherein the spheroid core consists essentially of:
pantoprazole sodium sesquihydrate 45 % w/w
microcrystalline cellulose 27 % wiw

polysorbate 80 5% wiw
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15sprinkle and suspension formulations. The entire drug in the tablet is
released over a small time interval and therefore a higher Cr. is obtained.
With the spheroid formulations, drug from each spheroid is released over
a longer time interval and therefore the Cmax is lower than the tablet.
However, the period of grpepfotidwiag administration that pehfoprezole

remained in the circulath%ljgﬁgﬁggg forythe 3 20formulations., AW .4
documents identified herein are incorporated by reference. One of skill in

the art will recognize thagdiinbeandifitations to the conditidns/afidw.
techniques described in the specific embodiments described herein can
be varied without 25departing from the present invention. Such minor
modification and variants are within the scope of the invention as defined

by the follawing ‘ﬁiﬁ%ﬁra&h@%igmﬁcﬁ%@%@&@% lbparicy/atese enteric

having reduced release under gastric conditions and fast release at

nelival pHORVKETEin teath ofv/Saiel malapditeaiiesCmprises: a

spheroid core comprising pantomazole or an enantiomer thereof, or a salt

or hydrate thereof and at least one surfactant present in a ratio from 10:1
to 5:3 pantOprazdieeSUVHERREHIOM IR APRITETHEORN 2960 PELLQARTTHES or claim
surfactaptig.coe é@t@ﬁ@i%ﬁﬁg'c%%z@&m%cﬁﬂ@%@J‘W@r@f 804-30:anteyis .55
coat on the initial seal coat, wherein said coated multiparticulates have

a disREer el Fange Tt oap et B Sotistay! citrate paghigplfaadiister; said
multiparticuiias secriding tonciaim lipwinereinsaid spheroid core

comprises pantoprazole or an enantiomer thereof; or a salt or hydrate
thereof present in an amount of about 40 mg of pantoprazole per 100 mg

uncoated sultiparticyatehgreinthe ameuni-eb RantoRIazlenis of claims 1 to
measured in the free base form. 3. Pantoprazole multipartieulates

accHl A B RAI TR A RURE HSPTRES BibToE b RHSAREAMs thdhedprm of
or arsalbernhysiate thessafliswwheantopaeele sedivmistratidn RANIRRIaz0le

multiparticulates according to any of claims 1 to 3, wherein the
m-URHHERIETRHSE 6MitRSe pantaprazoie Soddm sésdUimytiratsamizeto 29
adrpinistiable-tdbedenmigta Suspansieneamprising 40 mg of

pantoprazole, wherein following administration of the suspension

to humans the pantoprazole is characterised by a geometric mean AOC

ratio of 8896 to 10Q%u(Aa-¢ Mmultiparticulate tRAIdNG eonNeKEAIS claims 1 to
pantoprazole tablet) and a geometric mean Cmax ratio of 60% to 74%
(40t tEREF T R A OO Bé‘?w‘fb?%%’i’é%ﬁéi? of Sig1 10
Parsepyazdiennuliipastnllaieswaccosdme tovany ghsiaims 1 to 3, wherein

the multiparticulate,s comprise pantoprazole sodium sesquihydrate and

are administrable in an amount of 40 mg pantoprazole in applesauce,

wherein following adminisitapes ofthe ¥ Hi2uodtea MdeptHagle any one of claims
multiparticulates sprinkled in applesauce to. humans the panto oleis .
ChataCtan R B 2 OGS ToaH RO 140U B 18 do08 T grertine
multiparieidpieden A Mg dvamerciaiia))wpear ofetableth atidoa geinetnc or
me%ngax tio of 56% to 70% (40 mg multiparticulate to 40 mg
confiBrST ARIOR AIBIERBIE UM ET pantoprazole multiparticulates
according to any one of claims 1 to 5, wherein the surfactant comprises
sodium la r%ll sulfate or aipoé}gsgrbat ,grafcombinat(ifn‘thetreofd. t.7. Hent
Pantoprazole mu 'Eﬁﬁlgﬁ 38 Attt ianlgo’ilo% ain B WHErSIN RS Shiffadtant™
is pedysdrhatéa80n conthrRanieprazeleivultipapticutaldscgecosgingdie any

one of claims 1 to 7 wherein the core further comprises a disintegrant
comprising from 25% to 45% (w/w) of the core. 9Pantoprazole
muitiparticulates according to claim 8, whgyein said disintegrant is

selected from the group consisting of microcrystalline cellulose,
crospovidone, and mixtures thereof 10.Pantoprazole multiparticulates
according to any one of claims 1 to 9 wherein the core further comprises a
binder.



11.Pantoprazole multiparticulates according to claim 10 wherein said

binder is present in the amount of 50:1 to 40:1 (w/w) of pantoprazole to
binder. 17.Pantoprazole multiparticulates according to claim 10 or claim

11, wherein said binder is hydroxypropylmethyl cellulose. 13.
Pamtaprzazels: imekipbatisulates 4deording¢c anryof glaymsld god B witereinble

the multi%artigulatgs have an average diameter of about 1 mm. 14.
SUSpedl 1quid. . . . .
Pantoprazole uftlpartlculates according to any of claims 1 to 13 wherein

the core further comprises a pH adjuster. 15. Pantoprazole
multiparticulates according. to claim 14 wherein said pH ad] is. pr t

i from 35 to 7oy T PSR e P2 o BB Y BPERY one
muitigdrticslates Eccording to claim 14 or claim 15 wherein said pH

adjuster is selected from sodium carbonate, sodium bicarbonate,

potassium carbonate and lithium carbonate, 17. Pantoprazole
multipartiG@lates Adedrdingtocampoticlgirhs Nardobsaaghersitipaid aopees of any
further comprises fron 1% to 2% water. 18. Pantoprazole
multiparticulates according to any of claims 1 to 17, wherein said

pantoprazole is present as a pantoprazole sodium sesquihyclrate. 19.
Pantoprazole MulRRIEHAIES AEE0IIRG 0 A ALEAMS IR A% YRG0l
said enteric coat comprises a copolymer of methacrylic acid and
methiacrtdied pomairamgBopEsyPlo 45% (w/w) of the core. 20.
Pantoprazole m%‘i’@&f%}g% h@?&ﬂrgg}g EQW%&%@@%%@ %uc'? ‘enantiomer

further comprising a final seal coat on the enteric coat. 21,

Patiteiseiz olearmlitipdrtientadscaraicrathy tor dlalimm 20, avearbinahenfiiaiurfactants
Se%r@?@ﬁt@ﬁ @paﬂﬁ?ﬁ@n} 4949 ‘(&6%3%&%{3?!%&?&%‘&%%-(w/w?%nd/ or a from 2%
Pantoprazole multiparticulates according to claim 20 or claim 21, wherein
thelfindb S¥AVe CAEBIHPAES KYEroRTEEYS vt calietesiation;
(hypromellose). ,,,23, Pantapiazqle multipaicyatas Aegpiding to any

one of claims 1 to 22 wherein said initial seal coat is in the range of 2 to 4

A wiw of the weighPbfiliseal fEEate $UFBE Ovepihepaiitppiezstaat; and
multlpartlcu_lates 6"1%91'1@1 aﬁﬂaﬂﬁﬁ(goi gaimsd %%o%&ﬁi@x{ﬁ%dﬁf@@'@ﬁé}oid
coat comprises hypromellose. 25. Pantoprazole multipartieulates

according to any one of claims 1 to 24, wherein the pantoprazole or an
enantiomer theregf,oia sali runyskate thereahs Presgntdn thedangs efom 0.7
from 5 to 50% wi/w, of the spheroid core. 26. Pantoprazole

muFﬂpla?ﬁdE}I‘ﬁtes according to claim 25, wherein the core comprises
microcrystalline cellulose in an amount of 25 to 30% w/w of the spheroid

core. 27. Pantoprazole multiparticulates according to claim 25 or claim

26, whereftbthe cbié BEMBASESEAIRBAYiIEGHE i arlimsau Hicotrheieid e is
1.viwatthe sphekaidicene o diRantapiazalenastipartical aiessaeeotdingtions at a
any of claims I to 27, wherein the spheroid core consists essentially of:
partdisa2bte $BEiA Sedgtihydrate 45 % wiw microcrystalline cellulose27

% wl/v,, polysorbate 805 A w/w crospovidone[5 % w/w hypromellose

22081 % w/w, and sodium carbonate7 % w/w. 29.Pa.ntoprazo e o
multipartictiates 2BESraIAgtaserWHeteiRtHE freietaatitornpribisarepditions
45%-wiw Qfthe mulliparticulate. 30.The pantoprazole multiparticulates
according to claim 28 or claim 29, wherein the enteric coating comprises

about 30% vnw of Eudragit L 30 D-55 coating, about 15% why talc, about

3% triethyl citrate and aadjuster; said
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amounts being by weight of the muitiparticidate. 31.Pantoprazole
multiparticulates according to any one of claims 1 to 30, wherein said
~ microparticulates comprise 40 mg of pantoprazole in the form of the

sodium salt in a capsule wherein folloywing administration to a dog, said .
lipartatiate pISL TG HAGY TR Tat b 5 DEy T A G i ored
to a 3Qdwgsepamneaitialyt ayaiable Rasteprezole tableticiRoPantoprazeig o a
multiparticulates according to El%rg? one of claims 1 to 31, wherein said

mUtTSER CUtate Cothpbsitish( providds s dart AUT of 5451 to 5629
ng.hiraL and mean Cmax of 1865 to 1929 ng/mL. 33.Use of pantoprazole
multiparticulates according to any one of claims 1 to 32 to prepare a

medicamént wherdi Sl theldfitiment igou”élawﬂwa%éﬁﬁﬁamalpswl coat is 2 to

gastrogsopitageahtefiexidinaaser(cERP), ulcers of the stomach or
duodenum, or Zollinger-Ellison Syndrome in a human. 34.A pantoprazole

formulation for use in dosing to pediatric patients, said formulation
comprising2a. suspensabeaNpEsingtheopatapazelaiMiltipasticedatas about
of any one of Claims .1 to,S?ﬁmd a physiologically compatible suspending
qu§i W ?%éhﬂ%ﬁgéﬁglc% [Stising the pantoprazole ultmarticulates of

any one of Claims ito 34. 36. A foil packet comprising the

pantoprazqgle multipaitieutates of any one af Claims lto 35. . 37.

ethod of brodubll AL AR RAETS et B BB e of
methagiegmprisingithgcsteps atiount of 0.pducingaEpheroid ediie: ’
comg{ising.g n%oprazole or an enantminer thereof, or a salt or hydrate
thefeof Ahd 4 SUffactant or a combination of surfactants present in a ratio
from a 10:1 to 5:3 pantoprazole:surfactant (w/w) and/or a from 2% to 7%
(wiw) of syyfactan Lo,core, via exirusion and spherenization: applving.an, ;.
initial seal coat to the spheroid core, appﬁylng an enteric coating ove e
initsatsedl coatuapeheptionathytiapplyirgid dnal seal coat to the
enteric-coated spheroid core, wherein said multiparticulates have a
diameter in the range from 0.7 to 1.25 mm. 38. The method according
to claim 37, wherein the spheroid core is prepared by mixing the
ingredients in a low shear mixer at low shear conditions at a range of 25
rpm to 35 rpm. 39. The method according to claim 38, wherein the

low shear conditions are 32 rpm. 40. The method of claims 37 to 39,
wherein the spheroid cores are dried at a low temperature not exceeding
about 40C for a period of 8 to 72 hours to a percent (%) loss-on-dryinu
(LOD) of 3.4% to 4.3%. 41. The method of claims 37 to 40 wherein said
initial seal coat is 2 to 4% w/w of the the uncoated multiparticulate. 42.
The method of claims 37 to 40 wherein said final seal coat is about 1%
w/w of the multiparticulate. 43. The method according to claim 37,
further comprising the step of applying a layer of talc in an amount of
0.05% w/w to 0.1% wiw of the multiparnculate. 44. The method
according to claim 37, wherein the enteric coating is sprayed as a.
suspension onto the spheroid core.



