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GRANULATI ON  FI ELD OF THE | NVENTI ON The present invention relates to a

met hod angoaa@eémt us for produci ng a pharnmaceutical grany@iuweiigeeduct
which is typically conpressed into tablets or 5 filled into hard gelatin

capsules. Mre particularly, it pertai ns1 to a single-pass automated system
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invention also relates to a nmethod for producing a hig greater than
200 ng strength active ingredient) pharmaceutical granulation 10 product

whi ch can be conpressed into tablets or filled into hard gelatin capsul es.
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BACKGROUND OF THE INVENTION

Granulation is a critical unit operation in the manufacture of solid oral
dosage forms. Even with constant improvements in tableting equipment for
automating production and increasing product output, powder granulation must

15 still possess specific physicai properties to ensure smooth operation in
downstream processing. Thus, consistent product quality is often the most
important motivation that guides advances in granulation techniques. Other
significant goals are maintaining regulatory compliance, reducing cycle times,
increasing process efficiency, and achieving production cost savings.

20 Advancements in wet granulation technology include high shear mixer
granulators, single pot processing with a high shear mixer granulator and
microwave drying, and a high shear granulator integrated with a fluid bed dryer,
such as a semi-continuous multi cell apparatus. While these techniques provide
some advantages over previously used granulation methods, there are specific

25 shortcomings with each technique and, most importantly, none provide a true
continuous granulation process starting with individual ingredients or a powder

blend.



shear m xer, blending and aggl oneration are acconplished by an inpeller,
while a chopper inparts high nechanical agitation to the blend of
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WO 01/ 89679 Eﬁ%%%@ J;/réséétg fivention can be easily scaled-up. Since the process is

continuous, the batches of various sizes can be manufactured using the same piece
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of equipment. Therefore, the scaling up of the process from one size batch to a
20 larger size batch is predictable.

Granulating of high dose and/or low bulk density actives using the
traditional high shear mixers and fluid bed granulators is extremely difficult and at
times impossible. The materials tend to ride on the sides of the bowl mixers
during the granulation process, requiring intermittent manual scraping. Even then,

25 there is no assurance that the distribution of the active within the granulation is
uniform. More particularly, in the case of low density active ingredients, such as
nelfinavir mesylate, increases in drug loading in the granulation process lead to
wet granulations with an undesirable “taffy-like” consistency. Additionally,
attempts to use high shear wet granulation on blends of nelfinavir mesylate and

30 calcium silicate at a ratio of 3:1, respectively, resulted in tablets having enhanced
dissolution and disintegration but which were not bioequivalent to the marketed

product. Fluid bed granulation of such a formulation is also less than ideal. As a



-3 does not ensure "coating" of the active by the excipients. The situation
is particularly critical when very cohesive materials are processed. These
dr awbackswghawesfeen overcone by using the current inventipgyu@ihsdon screw
granul ator. For drying ingredients during the manufacture of pharnmaceuti cal
products, 5 conduction and convecti on”gave been the two nost preval ent
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node. At presen conventional dirying systens oVl rue single
pass dryi ng ¢undaetion dchiseaonductive heat-tfansfet requirepteinpetapires thitweosltdor e, there
exists a need for _a granul atjon_ process, _a drying.process, .and a single
pass, fully BRIEHHYaESY fgam%&ﬁeﬁracﬂgp&#ww%ﬁle&&b?%emm%on of

phar maceut | cainedh AUH kAR ofhit AofAfbn REMRIMEREAr RARRE A Shieve0 There
al so exists a need Tor a granulation process, a drylng process, and a
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a high dose pharmac ica rapul ati o a | ow densi ti,ve ingredi ent
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present i nvepiluRR ofhR¥lohesr 1Bng kddteBedAines FOMIdoRVE e dAHhS bR &Bradeipcess for
produci ng a granul ati on product, which can be further ‘processed to nmake a

solid oral dobexydsd drmmgeadiarmacentieal praducvprodugediberefrom. dne lesserodi ment, t he
P eoen | 1Al 0 RSB i et S B RRRB s 1O
PCT/ U$81/ 1558¢ convéntional drying systems provide a true single pass drying process with a
first in-first out principle.
Therefore, there exists a need for a granulation process, a drying process,
and a single pass, fully automated, continuous system which enables production of
pharmaceutical granulation with consistent physical properties.
20 There also exists a need for a granulation process, a drying process, and a
single pass, fully automated, continuous system which enables production of a
high dose pharmaceutical granulation of a low density active ingredient with

‘consistent physical properties.

SUMMARY OF THE INVENTION

25 The present invention provides a single pass continuous, automated
process for producing a granulation product, which can be further processed to
make a solid oral dosage form, such as a tablet or capsule.

In one embodiment, the present invention comprises a twin screw wet

granulator-chopper (TSWGC), to which active ingredient(s) and solid and liquid



additives are fed, which m xes, granulates, and wet mlls those conponents
to forma granulation product. In another enbodi nent, the present

i nvent i onweon@oé®es a drying apparatus which dries granulpgtrgdaidsiong

di el ectric energy, such as radio frequency 5 energy, |ow frequency
(conventional) mcrowave energy, or high frequency (mllimeter wave)
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wet granul at Qf- . t wder to the .
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liquid to thgichwilyirRorpovatingta [godunyiselationeiaeher . Both the powder feeder
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bet ween convgyi n | epents. Additionally, he twip screw wet
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conveyi ng el enent Ansthereaspedtiof thepresepbinvensinm ip atcontimfous procpssing systsmveyi ng

el ement. Angther. aspect. .of. the invention is racess, for produging a high
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feeder are coupled to the twin screw wet granulator-chopper and adapted to feed

the powder and the liquid at an inlet of the twin screw wet granulator-chopper.

20 The twin screw wet granulator-chopper comprises first and second
conveying elements, each having at least one conveying element pitch, as well as
a first mixing element positioned in between conveying elements. Additionally,
the twin screw wet granulator-chopper comprises at least one chopping element
positioned to contact the pharmaceutically active ingredient after conveying

25 elements. With regard to the conveying elements, at least one pitch of the second
conveying element is less than at least one pitch of the first conveying element.

Another aspect of the invention is a process for producing a high dose

pharmaceutical granulation comprising feeding a powder comprising a
pharmaceutically active ingredient to a twin screw wet granulator-chopper and

30 contacting a liquid and the powder with a first conveying element of a twin screw
wet granulator-chopper. The liquid and powder are then contacted with a first

mixing element to form a wet mass, which is contacted with the second conveying



WD 01/ 89679 PCT/ US01/ 15597 -5 contacted with a chopping el enent of the

tw n screw wet granul ator-chopper and chopped into a granulation. The
present iwWoligee provi des a single pass continuous, automgiragsorpsReess for
produci ng a high dose (greater than 200 ng strength) granulation 5 product
of a low density active ingredient, which can be further processed to make
a solid oral dosage form such as a t abPet or capsul e. In yet another

embodi ment , L, PIEFRNA cf LIBReHUTRAL SRF srelhiét PN Yidpper and
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addi ti ves arehoppel] imda granniakies., granul ates, and wet mills those conponents
to 10 forma high_dose granul ation F(%oduct is to be understood that
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t he fobl owi nerodestaif héei dessityigstiveomgredient, Weigh cambe Butherpiogessed tormakee

acconpanyi ng_ dr.aw It IS e asi t ha according to comon practice,
the various ?%‘&{ ucfrglgdoa?gﬁ?gnd%ajaﬁa%aj’?eetOﬁggpstug)e'scal e. On the contrary, the
di mensi ons of t hemvast afsiBerfe@aodirientathe pedsbittifpenition cempaiseartwit screwduced for
clarity. Included in the drawings are the following figures: 20 Figure 1 is

a schematic WrogRIWatagEhonper. te WRighrastize ngxddend(shandsalis anddigsiddi ng to t he
present inveptq.an. Eigyre; .2, i i i i N screw wet
granul at or - %‘%1&6‘8‘%8?@ a%g’o‘?]&]f%%gﬁ %(%s??%gg%'rteg’sen %ﬁg@%@ %%?O%ES%HE%A is one
enbodiloent oforinfchighvdosesgamilatipnapradatt.or - chopper 25 according to the

present invention; Figure 3B is another enbodi nent of the twin_screw
gr anul at or - choppelt is dlnéPlﬁ@ofléﬁ‘%t&’@Hp‘?‘%g‘éfﬁg‘)lp&%?ﬂr?@??“mt@ﬂraédth s an

i sometric vi ﬁ%?rﬁﬁaﬁeﬁ%%nﬁ%ﬁ%%% X Mot R EMictEeabthat or - chopper

according to esent | nventi on; 89679 PCT/US01/ 15597
invention.
BRIEF DESCRIPTION OF THE DRAWINGS
15 The invention is best understood from the following detailed description

when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or
reduced for clarity. Included in the drawings are the following figures:
20 Figure 1 is a schematic block diagram of the process and apparatus
according to the present invention;
Figure 2 is schematic representation of a twin screw wet granulator-
chopper according to the present invention;
Figure 3A is one embodiment of the twin screw granulator-chopper
25 according to the present invention;
Figure 3B is another embodiment of the twin screw granulator-chopper
according to the present invention;
Figure 4 is an isometric view of the feeder system of the twin screw

granulator-chopper according to the present invention;



-6 Figure 5 is a schematic representation of the drying apparatus accordi ng
to the present invention; and Figure 6 is a schematic representation of an
el ect r odewoonfseemer at i on useful in the drying apparatus ac@avelomgs®0 t he
present invention. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention conprises an automated, single pass system including process
and apparatus, for continuous production of pharmaceutical granulation

that can be f_UrtthguEHS)PﬁaSéi:ﬁQmE@cf@ﬁeﬁ@ﬁéxﬂoﬁh@%%i@éé&owﬂgt@ system
includes a twin screw wet granul at or-chopper (TS ;'a single pass 10

dryi ng appar Hieusesgpl igMeniipasanfl el ectric energy, such as radio frequency
(RF), mcrowave [ 0, 1. .. These €0 nent rodu . granghation
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havi ng superi or perties en 1 fcorpor a

product. Thein thE&WSingappaetusisedrdit pahbpratitanventibh t he diel ectric
ener gy- based drying apparatus or, alternatively, it may be used separately
with conventionally used 15 conponents, such as a fluid bed or a continuous
paddl e dryer. In addition, the dielectric energy-based drying apparatus

may besused with the TBAEARED DESCRIFEON GIFTHEINVEBNTIONIsed separatel y
wi th conventionally used conponents, such as a high shear granul ator. The
TSWEC overcones the |imtations of conventional wet granulation 20

equi prent. The TSYWEpfesminhvedfon 6MENEdsdn afloxiafdll, stbRPakRéysheh,and choppi ng
el ements to achieve distributive and, when desired, dispersive mxing. The
design and Hiclugineprocess antappasatosy fell contineanspaedustion af pﬁ@rmee%mdcess active

i ngredi ents [ 0, i {:5i a nbgeneous
granul ati on Eﬁggl&gggh%aé%)hf%eﬁ%é%?&ﬁ%s%&ﬁ%&%b?aﬁa@ d%%%&%%msdgﬂ%i fication
and uni f or m kysténh aichitfes @ xwkedgew et gapabiokichbmer (TSWAT)gh sigRasasgr anul at or

and, when used with the dielectric-hased drying apparatus of the present
i nventllon, hd&ing sppamteseligh usesglislodrie prerey sYeh petadiy reqngney G- of a f1 ui d

bed granul at Qr; WECTRHLE | i : :uders in
sever al maysgﬁéﬂ%¥§§?¥=£§8?§t isﬂ%%gﬁﬁlﬂ%%%gg§8@%§£é%§a?%mgﬁﬁé%£pIate in a
convent i onal supetioup@perties whes ir@0rpexdted tiela phahiasettivat prodyctoPhe onal | y

Protrude out L oa iy 1R S ominstion YoRE I HidEte enerey-bated drying — 027
apparatus or, alternatively, it may be used separately with conventionally used
15 components, such as a fluid bed or a continuous paddle dryer. In addition, the
dielectric energy-based drying apparatus may be used with the TSWGC or,
alternatively, it may be used separately with conventionally used components,
such as a high shear granulator.
The TSWGC overcomes the limitations of conventional wet granulation
20 equipment. The TSWGC comprises conveying, mixing, granulating and chopping
elements to achieve distributive and, when desired, dispersive mixing. The design
and alignment of the screw elements can be varied to process active ingredients
and additives of varying bulk densities so that a homogeneous granulation product
is produced. The TSWGC provides product densification and uniformity that
25 exceeds the capabilities of a high shear granulator and, when used with the
dielectric-based drying apparatus of the present invention, has drying speeds
equivalent to or better than that of a fluid bed granulator/dryer.
The TSWGC differs from conventional extruders in several ways. The exit
point is open-ended as opposed to a die plate in a conventional extruder; it has

30 extended shafts that may optionally protrude out from the open end; and chopping



-7 elements are located at the exit end. It has one or nore powder and
liquid feeding zones, wth a custom desi gned feeding zone for sinultaneous
f eedi ng ofyd j1dkd and powder. An additional feature of TNy do$18505haft
retainer seal, which prevents the forward notion of the screw shaft during
operation. 5 The active ingredient(s) and additives (i.e., excipients,

bi nders, plasticizers, etc.) are fed iTto the TSWEC such that: (1) solid
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mlling step. The active ingredient(s) and additives are fed directly into
the TSWGC. | of soliddngrediants brimgded; and éAdiquidingredientvaredgd wyngwitiple s and t he

venting devices at t.he feed point renpve.entra airea Lm ze
broduct + hr oG omiHE YEE Pl PEO Y ArD St IR et nBE a58) “Ehe
granuhati on fadbaRelpcYbéliRotnted fordimuliaidouy fdedingTliRuRlsuhe pawteddedtt er
tenperature control at the tenperatures used for granul ation. The wet

granul ati on @8d argnergdogaions alengthedength ethe TIWEGgh t he open end as

di screte granul ats hcl. ] j s n whi ch
is 25 di scussed fEﬁ?ﬁgW‘%‘E olgv aﬁ@%tr %@g%%% %lte !ggt?lééplgg]fe?ic%ﬁ.‘g%d}dta ﬁéﬁgl evel ed
and deposi t essinginivinrsoteyy protessdi @hb éirtadsiof theesceliw element3iake arsanpgd &
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ir ﬁq,ltj Ih(rfd’ S usQLQp. %tac Ve ﬁltgyerd‘laent S) inc ad\é?tgve\éma}el f2d Ia?rlecr:][iyailn o thd TtﬁG%r ﬁan| ation

addition, the arrangement of the conveying elements and the venting devices at
the feed point remove entrapped air and maximize product throughput. The

20 TSWGC utilizes liquids to heat and cool the granulation and to provide more
uniformity in temperature and better temperature control at the temperatures used
for granulation.

The wet granulation exits the twin screw processor through the open end

as discrete granulation particles, optionally passing through a screen which is

25 discussed further below. The granulation particles are then leveled and deposited
uniformly onto the belt of the drying unit using a load/leveling device. The drying
unit uses dielectric energy, such as RF or microwave energy, to remove moisture
from the granulation in a one pass, continuous mechanism. Further, the drying
unit is designed to have proper air flow for moisture removal, and the electrodes

30 used in the drying unit are designed so that they may be offset and tilted, when
required, such that moisture is removed while maintaining the granulation in the

desired temperature range. Once dried, the granulation is transported to the



desired tenperature range. Once dried, the granulation is transported to
the WO 01/89679 PCT/US01/ 15597 -8 size of the dried granulation is reduced
by an appwopriisaé® mill, such as a hamrer mll, cone m || pdwsoinsdol, pin
mll, or other appropriate screening device. The conponents of the system
for producing the granulation product ngy be controlled by a master
controller, which adjusts paraneters in the systemin 5 response to
product i oR csinelof the ﬂﬂ'edirgfaglul’aﬁdzé @dredmdd@y&nmpbrﬁ;&fa&&mﬂb:ﬁﬁiﬁe& eﬂieﬁ!ﬁﬁer t Ee
system The paraneter nd conditjions are neasured on-line so that the
system is SIS R IR e SEFeHIEATHISE- havi ng t he
sane processing/ i r i : f the
granul ation and t e@(EJI?] I%%%ic%f?é;&s%eﬁgﬁ’g?)gdﬁcﬁgﬁg%%ﬁﬁg%?I\C/bgh%?}gdi ent (s)
are noni t or ebe cmttollaé by amaasie® comtealacihick agusts ipdedhetars ihtheispdemiigual

conponents which allo the operator to ke .adjustpents of conditions.

Nor 6 speci f1 EIPOe 19 PREAREHR ARG 0gR mertores & Yeouy PRI HIRSRE B9BE can be
nmeasured, fofhe@¥a6M! The pdri@btetd arPdohitioR€arbSN¥asuRl ondfde6 thdt theSsydtehed. and
if that neasurenent is outside of the tolerated range (e.g., 0% 10% after

dryi ng), coniiconiamepus svithrach plsmept dfametesialatpdened diaving thitnsameonposi ti on of
the resultin ranul atiqn i s re ho enequs_and nif.,or m t han

convent i onal PR BRREY T, o Periple SmarTyg rontH et dheanilition and,
present i nvefeh@fofmite6Nihe ldadybiition oFQBHRRY idkRkdidpt(§rhts odltoted ddllisdk@hd t han i f
usi ng_ _conventional, non-continuous processes because fewer scal e-up steps
are i AQol veafeefbpckhpoyided o e indiridypkepspronents avhistorllovechpepesionte

schermat | cal l%a%@ cﬁh%réﬁts]oﬁc&miﬁoﬁsy M&E'Ep;ge%@fahg%e %}Js%(}@% 1 ﬁ{%ﬂﬂet wo - or
nore screws ro a?lng I'n"the sane Or opposite directions Tor e

granul ati on gitaaglation prodiict dah®e hi2a&iEed doceimplerattes filekils the dSWGIA rui d
materials are fed, tgpi cally includi n(T:;,at t|'$%3t one pharnmaceutically
3 s apitsi

active i ngredfi@ntis dse fapddf thet measurement _ éf@éﬁ?lﬁ@tqdﬁ@ﬂa&ﬁﬁe&t(s)
conbi ned Wi t floceppi gﬁgﬂgﬁ?ggﬁ%ﬁﬁiﬁoﬁ@% ??&drﬂ{e\fy Q&dfﬁﬁté?iadd' tives, are

continuously intro one or nore points alon e length of the
TSWEC15AIl t er nat i vEhg compabitporedfadhaissylting grdnalgtoadsinbireimndgeacousiapd dose

Dr o et B S RD SeRbE2: SERA R, AR M2 enl LB e
TSWCC 1, as sRewh idvenfibY iREndlogyfor BRmAHE! frodbdiRnIPlhibker than if using
conventional, non-continuous processes because fewer scale-up steps are involved
in the system of the present invention.

20 As shown schematically in Figure 1, this system comprises a TSWGC
having two or more screws rotating in the same or opposite directions for the
granulation stage 7.4. To the TSWGC, one or more solid and/or liquid materials
are fed, typically including at least one pharmaceutically active ingredient, at feed
stages 7.1-7.3. The active ingredient(s) combined with excipients, water, and

25 possibly other additives, are continuously introduced at one or more points along
the length of the TSWGC. Alternatively, and preferably in the production of a
high dose product, the dry ingredients are preblended in a known way, for
example, in a twin shell or bin blender before being introduced to the TSWGC.

In the TSWGC 1, as shown in Figures 2, 3A, 3B, and 4, the solid

30 ingredients are fed through one or more side or top powder feeders 2 and liquid

ingredients are fed through a top or bottom feeder 4, all near the upstream end of

the TSWGC 1. The liquid ingredients are injected into the TSWGC 1 by a pump 3



30 ingredients are fed through one or nore side or top powder feeders 2 and
liquid ingredients are fed through a top or bottomfeeder 4, all near the
upst ream @igd1@be79ot he TSWEC 1. The liquid ingredients are ipgTagdogdsdont o t he
TSWEC 1 by a punp 3 WO 01/89679 PCT/ US01/ 15597 -9 relatively honobgeneous
wet m xture as they travel along the Ieg th of the TSWSC 1. More

specifically, as shown in Figures 3A and 3B, a typical arrangenent of the

twin screw efpiiRBlychoss@nédustvitd rfiRMECasthef trhtd aRng 3B fenbih\Tid On 5 _
conprises a housi ng 9 contai ning conveying elements 6, mxing (granul ating)
el enents 8, ABWG@Hppi ng el enents 10 whi ch achi eve distributive and, when

desired, dispersi 1.X1 19, 1These el engpnt s _prod Q enequs
granulation wth Dﬁée%p)r%é:g%fdrl%’c? S&@%@Hnﬁgpfegﬁp’t %n%}n%%%agﬁes%e%f further
processi ng i &f thekwitgcrevwhelethests ugell maheé TSWEE 1dF3ROpretant Mvedtien TSWEC 1 of

the present invention is 10 capable of processing active ingredients and
addi ti ves wi S®MREiseyRRhguEDE R cartauiing eonveyipg glementsd, anixmed genalatiag)

granul ati on. elmgml BV aiogp@g eﬁ’én‘??%gé_‘i q:i;vﬂiéﬁ%hl‘é(?e hﬁgﬁ{@&%&ﬁﬁd{lﬁﬁd based on

the dianeter of 1ts scre enen or exanpl e, a screw

di amet er of désBedpdisiersied mixingl Thesademeont’ provucd SWeHogdiveus graawladomnet er i s
general ly 15 between abput 16 nm and_aboui 135 The | ength of i ndividual
barrels ~ (hoW ﬁbfaregvlr?d? ‘gén,sflftceﬁéorr &@Pﬁnwﬁ? FAse oh firfher QF"&ﬁ%f%é&lPr%aki%e, is
designed to g RsirdiloliliRkf dofagetBrms CHRM SHRITEE BF the GRRAAhtichhe ratio of
the |l ength o?lthselrhogsl%ing to ag[ehe scr ew%i{varret er ie?bet ween 1<'§1)bout 20:1 and
about 160: 1. dipabletdfiptasssing fmitive izgredientsrayd bdditivdsevituvarpingdatndandidiee any

specific requirements of the granulating 20 process. The length of the
i ndi vi dual eOmﬂ??%ﬁwqﬁnﬁ%ﬁﬁﬂ&l‘%@ngeneral|y in nultiples of 15 nm The

pitch of the conveyd NIWREE TR He fRedehit MOBRIOA! ik ¥hPEIWRRR bad0sH thdS nm and
about 180 mm dependi ng on the size of the machine and the requirenents for

t he parti cul diamgtenafitaisireny elpnernés For emmps.arp? W GG witha ssevwdiemstesof ew, t he
Pl O 0 0B BAARAISTER By by 08 EL i REVBRRARSHL R and aoout
i nventison ar Bettie&t atsone d6 niin &Bd ebdl# 135 nnbefeVength of individual barrels
(housing) 9, i.e., the length of the entire granulating zone, is designed to be a
multiple of the screw diameter. Generally, the ratio of the length of the housing to
the screw diameter is between about 20:1 and about 60:1. Nevertheless, this ratio
may be altered to accommodate any specific requirements of the granulating
20 process.
The length of the individual elements in the housing is generally in
multiples of 15 mm. The pitch of the conveying element 6 is generally between
about 15 mm and about 180 mm depending on the size of the machine and the
requirements for the particular granulating process. For example, for a 50 mm
25 screw, the pitch of the conveying elements is generally between about 20 mm and
about 72 mm. The pitches of the various conveying elements used in the present
invention are discussed in more detail below.
The pitch, for bilobal element, is the distance along the axis of the screw
between two adjacent even- or odd-numbered flights of the conveying elements.
30 For mixing and chopping functions, several different designs can be used,
including but not limited to kneading discs, combing mixers, gear mixers, pin

mixers, and calender gap mixers, depending on the ingredients being granulated.



The pitch, for bilobal elenent, is the distance along the axis of the screw
bet ween two adj acent even- or odd-nunbered flights of the conveying

el enent s. wo3f/gb@fe M xi ng and choppi ng functions, several didifeognssedesi gns
can be used, including but not limted to kneadi ng discs, conbing m xers,
gear m xers, pin mxers, and cal ender % p m xers, depending on the

i ngredi ents being granul ated. WO 01/ 896 PCT/ US01/ 15597 -10 of reverse

threads, kneggieRgrsg HEERI! Rnealf /e@émaﬁsa%n%ﬁg@.%fen{%n%s% RIARER thhe  m xing
process. In general, wet” granulation dtage 4 1n the TSWC operates at

room terrperanxnmgprcaJIeSShough t he terrperature may be raised, to increase the

solubility of 5 oorI soluble ctl i roll ed rel ease
purposes, to assi ’n‘g t 1“% sﬂg t?‘ &%WQGWPS’E 1;[i“éozi‘%on to
affect pr Odufémﬁeli'&ﬁﬁc hleHdugh itleeStempdRANRE htly We@aidbd, b thekdaSe iF@é@ﬁbH&y obe

mai nt ai ned by a heat exchange fluid, circulat ed in a jacket surfounding

t he hodsi ng Boerty schebly SE lmgredlenﬁoteg gonteolledireleaseimarpasay; torassidindebe used.

10 I n one engggl f t A and 3B,
conmbi ng chopp rn%gng‘%tgl %0#' g?ﬂép éljtgg%{ ?Qm t?ng%gér@ duﬁpci%gcgér?%w?n a TSWeC 1
with a 34 nTepberdfurdWithl B6 THWRGE! Ry lstammmﬁem@hm ekepgpdilad ew
dianeter ratio of 28:1. In each conbing m xer there are five rows of

vanes 19 wi t Rirglpatad ingasketgprrapnding the hoﬁﬁlng ?wéﬂ%ea?%WGféleal@oBglm rusi ons
froma ring- Heb@cshteﬁ %#Egaf%%g u9@pPs 15 in between each vane 19. The gaps

bet ween adj acent rows anes are alternating so that there are gaps
bet wedf® t he rows \thomdwerhmdmemadfehmnnemg)rpﬁs $HoevigindHigiired 3Aand 3Bn one
enbodi nment , the vanes are

itch e. of toward t ut put end of
the TSWGC whFRRDEES 9@%%8@4 oY eéisF%FaPrt XHig aaéscgelaplflwbﬁaﬁs\f vafee. A
fllat pitch og 3Qtlﬂﬁror9'7tn(ﬁﬁ sBRA BEmERPLA;S ah@us'ﬁgéeafgngtﬁﬁefww‘ Femefr 1%

ingredients being 20 granulated. The screw s hreads, pitches, and
angl es of conf2&f. Imetahhccbmblhguqugii gheraaxt‘@vmwlsafwmesdﬁwﬂwpassgmndi ng on

e ot ve | RABSRR LRI RO A T RSP L1
extrudgr scr@ybetiim &RhivasO I PINRIREs b&tveed AGackaY¥dws dtvanélark \éltél'n§tﬁ{gew wet
granul at or - chopper screw design conprises first and
so that there are gaps between the rows which facilitate mixing of the granulation.
In one embodiment, the vanes are at a pitch angle of 120° toward the output end
of the TSWGC which allows the granulation to be pushed through the TSWGC. A
flat pitch or other pitch angles can also be used depending on the ingredients being
20 granulated.
The screw sizes, threads, pitches, and angles of contact with the housing 9
and granulation may vary depending on the active ingredient(s) and excipients
being mixed into a granulation product and the extent of production. In any case,
conventionally used extruder screws may be incorporated into the TSWGC.
25 The twin screw wet granulator-chopper screw design comprises first and
second conveying element sets, each having at least one set of conveying element
pitch, as well as a first mixing element positioned in between conveying elements.
With regard to the conveying elements, at least one pitch of the second conveying
element set is less than at least one pitch of the first conveying element. That is,
30 the pitches of the conveying elements are progressively reduced along the length
of the conveying element. This arrangement (progressive reduction) leads to

simultaneous de-aeration and densification as the granulation traverses the length



second conveyi ng el ement sets, each having at | east one set of conveying
element pitch, as well as a first m xing elenment positioned in between
conveyi ngwe) @@etes. Wth regard to the conveyi ng el ement pctatsohg&dt one
pitch of the second conveying elenent set is |less than at | east one pitch
of the first conveying elenent. That is, 30 the pitches of the conveying
el ements are progressively reduced aloﬁbhthe | ength of the conveying

el ement. Thi r ' 'god”'lb iveSI MUl t aneous
de--aeration gfn ¢ eggﬁgﬁgét%%%ﬁgégﬁﬁgagrgﬁﬁgﬂ on #r%?%?%éeégwfhe | ength WO

01/ 89679 PCTingsdisnt,586l7 as nedfinafir mbsylate.chiynkaverotensigaofabont 8.2 gimbler

may have o A EOE Bb 300 GC D! Jieset ST G 6 TFURE B the
present i nve@%&l&io@ﬂ&iﬁ%ﬁﬁeﬂsﬂ? of ¥t 0355g/aL G @By, at i on having a density of
about 0.5 g/nL or nore. It is inmportant that the pitch of each succeeding

conveyPng el erent ltiisimpartanbthabiby pitels of ¢ashsuencediga gpnveyingrlepentdh of t he

precedi ng conveyi t. i I. V] . .

Gensi 1 cat | on a2 o5p RO el 8 et OB ATRbes RPN T BRI I8 o
to have a stgadigePdhiprbvided gradad ddesficdtivadvidRprevenfing hketal boildupeindod of

i ntroducing the_ | ow densi té active ingredient into the TSWEC is 10_through

the use of acnablivetheinspeass & pve sstrady putpyhiate as dessribedigbavgud prgfredy | |
dictate the i i f - St of ordinary
skill in theﬁétr?‘t"h%??@r%%%g?%glog{%eﬁ%{ aped %gﬁ‘ﬁ-ﬁﬁgﬁ Fg’g’@gq%nd 3B are
posi tiloned athroughehé¢ asendfiredoneantiohl side-sth&ferTSWSC | to elimnate lunps in the
granul ation and t 15 intain the .ucture of, e .granul ati on.

Additional ly, t he%gfh%%??o e saRPRSY ‘H@f %ﬁﬁa&ﬁ%savwwerpat%?srfér Uodt ng el enent
10 at the tegii-RdboEBHore?ofBlinaS dkhitdtnhith the open end of the barrel or
extend further out (ds shown in“Figure 3B) by an additional 1 to 60 mm

preferably about Th¢ cha@pPingslementflOrshoren imEigusdts Jdnand 3B ategiositioged ite
formati on of .di screte grgnul.e the TS 1 coptains,an 20.0optional
guard devi ceBmLRtead 3 o B Ot hid fimiba Tiphs SO BRI A0 ng ¢ he
path qf the waintdh autdichedof Bk ofdnuldiieh. RIAGESAIY)theansh AhgBdhhpbal

di scharge bin 17 for receiving discarded waste materials. As shown in the

exenpl ary TSwtendedesd thrit dhg ewpping girnezB ] 0 phige terminal end 12 may be flush with
the open end of the barrel or extend further out (as shown in Figure 3B) by an

additional 1 to 60 mm, preferably about 1 to 30 mm, to further assist in
maintaining the formation of discrete granules. Also, the TSWGC 1 contains an
20 optional guard device and chute 12, Figures 3A and 3B, to assist in maintaining
the path of the wet granulation for further processing and an optional discharge
bin 17 for receiving discarded waste materials.
As shown in the exemplary TSWGC 1 of Figures 3A and 3B, the
TSWGC 1 includes a relief vent 11; a retention seal 13 and a combination drive
25 motor and gear reducing elements 15 for rotating the twin screws. Unlike
conventional twin screw extruders, the TWSGC of the present invention does not
include a die at its outlet end. Rather, housing 19 is open at the outlet end of the
twin screw extruders, and granulated product exits therefrom freely.
The wet granulation process variables, such as the extruder barrel
30 temperature profile, screw speed, screw design, and rate of adding different mix
components are controlled in response to various downstream requirements

(variables), such as the granulation bulk density, moisture level, uniformity of



TSWEC 1 includes a relief vent 11; a retention seal 13 and a conbination
drive 25 notor and gear reducing elenments 15 for rotating the twin screws.
Unl i ke coweoanigegmal tw n screw extruders, the TWSGC of thedaeentsor
invention does not include a die at its outlet end. Rather, housing 19 is
open at the outlet end of the tw n scrgw extruders, and granul ated product
exits therefromfreely. The wet granul a atd-on process variables, such as the
extruder barfg efa@mteemaqfr@ad& Ehaldrfl Mvemogﬁét%wy%ﬁg%llo%ﬁﬁgmﬁﬁgl gn, and rate
of addi ng di ffé)r ent m X onponents are control In response to various
downst r eam r gquitlaiéons and ch((ppamg Sbeafyallys daed g@nulh‘eogmmhratambﬁlebul k density,

andproduct R oT AR B e AR ST T i gor SRR at § on,
and choppi ngpmm%bﬁipsﬁhbﬂ In @8 8i6idn aha Bouta] spileiBhStiMeladeadhde  uniformty
of distribution of active ingredient(s) are nonitored on-line for optinal
produc corrpwgrimngmgnalswtoaa@p@ﬁedﬁnm@mowﬁpg @Pragsﬁéqr%ﬁii evepts sich@genal arm or 5
WAr i N0 1 NGk bRk FALE AUBHLAUS R OLERRIT AR BIELAESLRL events. such
as an error condition Systemover ccept abl e product

characteristics. Upemesgighg tidTSWSCl SWGRet gﬂmlm igdepositad kmhlevdedieposi t ed
and | evel ed ésta ge 7.6 in Flt%lél’e 1) to_ the appropriate height and

t hi ckness on(stage /ey ipiligusd) to 9PET°PB&"8/11P’@PEW @%ﬁswthqﬁ’é’“&%hl ation is
then tr anSpOf)}; E%aﬁMe&e@%'dQ@i@é' \éplr«lnq dmm 1991‘(3&13&%:1%%&109@/1&% (7.7 in

Figure 1) to ‘undergo Ing pre ab I nduce ectric energy, such
as RF10r m cdmmatm@yggg stz@:t(ﬂﬂnall‘hgme it umlbrgogjrmmglpmfenablyrmd{udeé further

processed in a t mll age 7.5 in Figure 1 fore conveyed to
the dryer. i§leatrin s quvl S Bist %&ns%%yo H@?ﬂaﬂ%@eé\%@ and
apparatus, g&‘éﬁulﬁﬁorpﬁa% be fmftﬂe‘r'bfbc@?s@d iP4 vdef‘lfn'ilii(s%é?dfy i@ gWet1l) befordM t hout

the 15 appl ication of a vacuum The drying sta may conpri se, as
i | lustrated beingFconvered ® therdrydr. Exe%am@mmrrmxﬁlwﬁe diedchy otherpressessas

alternating electri fied be trode 24. F sources,
based on i nt Rl pridle it Be ke Shb R R it ndar de.
t he fnguencargﬁc&tggpofad@ca,zmlz MHz and 40.56 MHz. The 20 frequencies used

for microwave dryers are 915 Mdz and 2450 Mz for | ow frequency, and
several gi gahert zThhdwingstage hi maywempriscaay dlusirated fin iguraseopndrfe

generator 22 which creates an alternating electric field between the two

electrodes 24. For RF sources, based on international ISM (Industrial, Scientific,
Medical) standards, the frequencies used are 27.12 MHz and 40.56 MHz. The

20 frequencies used for microwave dryers are 915 MHz and 2450 MHz for low
frequency, and several gigahertz in case of millimeter wave, for high frequency.
The material to be dried is conveyed between the electrodes. The design enables a
single pass, continuous, drying system.

The dried granulation is removed from the drying belt and conveyed

25 (stage 7.9 in Figure 1) into an on-line mill, such as a cone mill, via another
device/conveying mechanism, for milling (stage 7.10 in Figure 1) the granulation
into the sizes typically used in pharmaceutical dosage forms. Depending on the
reactivity of the product material, this may be done under nitrogen or other inert
gas atmosphere. After exiting the dry mill, the milled granulation is optionally

30 blended with other commonly used excipients prior to being compressed into
tablets or filled into hard gelatin capsules.

As shown in Figures 5 and 6, the drying apparatus 20, which uses RF



The material to be dried is conveyed between the el ectrodes. The design
enables a single pass, continuous, drying system The dried granulation is
renoved fweoiigegrodryi ng belt and conveyed 25 (stage 7.9 ipeTi@uheset) into
an on-line mll, such as a cone mll, via another device/conveying
mechanism for mlling (stage 7.10 in Fjgure 1) the granulation into the
sizes typically used in pharmaceuti cal “dosage forns. Depending on the
reactivity obetivign w&&lwﬁod@mFbﬁimneumnsopmﬁebﬁd&m%e@afaumz(r qgen or
other inert gas atno ere. Alter exiting the dry m| the mlled

granul ati on mg%pkfp@aﬁnesi eg@rthe dejang @PRahat@i Poat itsgrpreng 269ed iexci pi ent s

prior to beinp res e v QY t elatin

capsul es. (gngv[?)bya%ymﬁbeeg&f gg\%e ad ryl(%gr%‘gﬁg%g?; e%f,d’iv §Fch uses
RF WO 01/ 8961%%15’@151&5%1&&5&&7111&&131 @zethueﬂymg\beues %Cﬂlb@&ﬁﬁrea‘hei:g@al'ﬁbeOHEd on
opposi te sides of the apparatus_ 20. The terial e dried enters the

drying appgr levelsr dyige formsa b%beﬁgrewdatzé I%ﬁﬁ?flql ghat HéYﬁh‘e?]@Hg e beltddyi ng bel t
28, t
o anb at ed neidht SR ofd proeteiRtich S THE GOl B cad R EnBpARBEE!

| evel er devi cleafedrbym eltudehndg gechanisat 481 mat er i aI that travels al ong the
belt 28 through zone at. a pred ned speed The helt 28 can
be conti nuously éﬁg}fn% @%I%WTFWI@%?%@[%Q}W A cqnfpuning

granul ation ﬂfateﬁarcﬁo&&ezzlpﬁ{etﬂlé’@nﬁfto topﬁng& ¥ ARekd tth@al?&nﬁﬁl@te?écﬂﬁ@g the

f
el ectrodes 24, the materi al dried Is ac?@g%g the "alternating
el ect ADc 10ﬁéld@rmhtadrleahedleb‘groddsé4eﬂach hch@’élerzﬂatwl'mchm hp‘adm;al {rimer mat eri al .

An opti onal tun i ns to f i sol,at e, the product
ot hout 1 el 45HBSY G whreD Ahess b sl ong i th

ground el eCtﬂBﬁﬂ;uﬁén afRFléﬁﬁ‘gy ElectRsded 24 aldn P‘i‘mﬁ{ g@hﬁdl Blebtr&lehs atB sl ect rodes
24 are arranged in a specific manner to allow for controlled heating of

the granul at foarodhacg thﬁlﬁﬁéﬁ éisld. dhe elecisordes 24 axonranged & o spesifiamwpnnes par al | el
plate (as sh FIRY, IS d. The nunber
of electr ode{smﬂla ﬁlggélea 1%ﬁgepend gu%ﬁm% ﬁéeoce)r%er gyt Qfgcetyqtfllgr enents for

dryingsparti G(LﬂfiglhreiMhﬁﬁuomaS parbli€] plateqhd shiowndl Focurby), aiggé@idtod, el i entati on
of water nol ecules under the influence of the alternating electric field
bet ween t he BIRE®E usRfed ho numherfslqciades may be increased depending on the energy

requirements for drying particular materials.

The friction caused by constant reorientation of water molecules under the

influence of the alternating electric field between the electrodes 24 causes the

20 water in the material to rapidly heat and evaporate. Water vapor is removed from
the top and/or bottom of the surface of belt 28 by process air that flows in a
co-current (same direction) or counter current (opposite direction) direction as the
granulation product is conveyed on the belt. This process air flow is caused by
conveying heated 34 and cooled 36 streams of conditioned air. A cooling

25 system 38, with regulator 40, regulates the temperature of the RF generator 22 by
regulating the temperature of a circulating stream 42 flowing around RF
generator 22. Controller 40 may also control other parameters and other
conditions to optimize drying of the granulated product. Attenuators 32 at both the
input 26 and output ends 30 prevent radiation leakage from the tunnel 20.

30 Thus, as the material to be dried (the granulation bed) moves through the
drying apparatus/tunnel, the moisture level of the material gradually decreases.

The material is maintained in a relatively narrow temperature range to maximize



20 water in the material to rapidly heat and evaporate. Water vapor is
renmoved from the top and/or bottom of the surface of belt 28 by process

air that H#Woowmes#® a co-current (same direction) or count CcTeuRoig5E7
(opposite direction) direction as the granulation product is conveyed on
the belt. This process air nowis causef, by conveying heated 34 and cool ed
36 streans of conditioned air. A cooling 25 system 38, with regul ator 40,

regul ates the tenpgfis dfytLthd 1@ B b aRetatned alLteperdt@@thidlel Ng the
tenperature of a circulating stream 42 flow ng around RF generator 22.
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tenperature. |If tolerated by the active ingredient(s) and excipients being
granul at ed, ?‘Eﬂ’ﬁer atures above 105C may al so be used. Typical residence

timesggin the tunped aM@kH of hOMesRMSEA N tHeld 8idLaat-NY i QkininggBgndi ng on

the required inlet/outlet noisture levels, the properties of the product,
and t he requthe égqpensptod the dielegttic endrgy,Tthe squanelof thefvoleget appliéacrbssdhén t he RF

dryi ng apparagtuys Jjs determ.ned t he. frequency of. the digelectric energy,
the square o‘?ale(%{??éle% T agEraspt Pg%‘eg@%?i E’?‘_ﬁg%ng%{’ea@flrt%%‘ggpecﬁéo?ﬁ mensi ons of
the mat eri al 6@k BOHEhREkal detheldiRd Hhed Rpickéifs thR%asd with YWhidH the Afudrmi er i al
being dried (this represents the ease wth which the material can be
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conventional in&%géeis rt]I?e/ r(zt[[eyci)tq'ngeat transfer compared to that of conventional heating/drying
systems and reduces the residence time in the drying apparatus, which is
preferable to protect materials that may degrade at elevated temperatures. The
20 selective heating of water and in situ evaporation of moisture largely eliminates
temperature and moisture variations in the dried material and, thus, can improve
product quality and/or further processing of the dried material.

The use of dielectric energy, i.e., RF or microwave energy, for drying

obviates the need to convey the material to be dried through the drying zone more
25 than once for sufficient drying of the material.

The dried material is conveyed out of drying apparatus 20 by belt 28
through output end 30 of drying apparatus 20. From drying apparatus 20, the dried
material is conveyed and further processed by a milling device to particle sizes
suitable for compression into a tablet or incorporation into a hard gelatin capsule

30 or sachet.

The present invention also comprises an automated, single-pass system,

including a process and apparatus, for continuous production of a high dose
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systems were available to produce a high strength dosage form of nelfinavir

mesylate. Applicants’ development of twin screw wet granulation technology for
the manufacture of a high dose product is possible because the degree of mixing
and shear imparted by the twin screw wet granulation chopper is much higher than
20 the shear and mixing that is available on conventional wet granulation equipment,
thereby greatly increasing density of the granulation. Therefore, a powder
comprising a low density active ingredient, such as nelfinavir mesylate, may have
a density of about 0.2 g/mL upon entering the TSWGC of the present invention,
and exit the TSWGC as a granulation having a density of about 0.5 g/mL or more.
25 The TSWGC overcomes the limitations of conventional wet granulation
equipment. The TSWGC comprises conveying, mixing, granulating, and chopping
elements to achieve distributive and, when desired, dispersive mixing. The design
and alignment of the screw elements can be varied to process active ingredients
and additives of varying bulk densities so that a homogeneous granulation product
- 30 is produced. The TSWGC provides product densification and uniformity that

exceeds the capabilities of a high shear granulator.



systens were available to produce a high strength dosage form of nelfinavir
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ingredient density of the granulation.
In addition to low density active ingredients such as nelfinavir mesylate,
any suitable active ingredient that can be formulated into a solid dosage form can
20 be used in the process, apparatus, and system of the present invention. However,
the parameters described above are specifically for the production of a high
strength granulation of a low density active ingredient, and specifically for
nelfinavir mesylate. Examples of the therapeutic indications and specific active

ingredients are listed below.

25 1. Antipyretic, analgesic, and anti-inflammatory agents, such as
indomethacin, aspirin, diclofenac sodium, ketoprofen, ibuprofen,
mefenamic acid, dexamethasone, hydrocortisone, prednisolone,
acetaminophen, phenylbutazone, flufenamic acid, sodium salicylate,
tramadol hydrochloride tablets, oxaprozin, and etodolac.

30 2. Antiulcer agents, such as omeprazole, cimetidine, lansoprazole, nizatidine

capsules USP, ranitidine hydrochloride, famotidine, and nizatidine.



15 granul ation chopper is nuch higher than the shear and m xing that is
avai l abl e on conventional wet granul ation equipnment, thereby greatly

i ncreasi ngoaRisoy® | ngredi ent density of the granul ati on. pdt/@diigseon to

|l ow density active ingredients such as nelfinavir nesylate, any suitable
active ingredient that can be formlat eg into a solid dosage formcan 20
be used in the process, apparatus, and Z/stem of the present invention.
However, the par @Pffénafysvaféseﬁ%@%cﬁayﬂﬁecﬁﬁﬁe %e@s%kﬁlu@aihhvaté , Qitibn
productlon of a high strength granulation of a | ow density active

i ngredi ent, and sb}éthptﬁhlcladld,;il}fy@damnbl, fsoserbide mewiratet werapdmikpl es of t he

t herapeutic indi ca,t ns an{l eci f%c acil ve FFJF'?E‘?qredi ents are |listed bel ow.
25 1. Antipyretic™ egiPIG, 40, RiTOEIYSFTR Bry agents, such as

i ndonet haci n4, as pPéﬁﬁherél*vﬁéd@ﬁl@W seeHHsldelidt] @RI, RhephAidPmaleae, nefenami c
aci d, dexanet hasone, hydrocortisone redni sol one, acet am nophen,

pheny! But azone, fPWM&W%aﬁ‘éP@toﬁﬁﬁﬁ’lﬁm salicylate, tramadol hydrochloride
tabl ets, oxaprozi 0 ce n .as
onepr azol e, gl nmet 1 |1§fg’ﬁc aﬁ%oésﬁgn %ﬂngr?lr@gtmﬁ} ce%al%gg’sét}?ﬂth&é}%% rani tidine
hydr ochl ori de, fafabldtsjbémromé akéti adblets e frolpgdl, %ﬁﬁﬂﬁi&ﬁ&ﬁ&l@@&h&éw? -17
3. Coronary vasodjlators,. such as nifedipine, isosorbide dinitrate,
diltiazem hydroch@“@mpﬁél indiydiachlesids 1@1n0ic¥@§¥9r}}5’idﬂé Honda.r ate, verapam |,

ni car di pi neni f edi i r ég@l 4. Peri pheral

vasodi | ators, suc ggmgﬁé gﬁléi ggé%{%ga%r@ (g%aczll ‘de mal eate, 5

cycl aindel at e6 andsmhetmﬂrmml:ﬂobmbageﬁlts ,émhmmhdmc addichor®im rjrioxadih, n

anoxicillin, cefale r cin bl et s,. cefurqxi et.i| tablets,
cefropzil, erythr L?NQ@P’F?"H’( ets Bﬁ Rag:t gor %&E‘&nﬁp KRGn h%‘Pg@HP%. de,
m nocycl i ne hydr ogehbidfabl@hoxafdlt-piaBmBERnCO! . tetracycline, and

erythromycin. 10 6. Synthetic antim crobial agents, such as nalidixic acid,
enoxaci n, ci hoxacAntispasmpdiclagsuts,i such abprepanthelinedxamide, anepifd sutéats, n,

ci profl oxacin hydro hI or.i de and sul f amet hoxazol e-trimethoprim 7.

Ant i spasnodi ¢ age Bﬁl %f’s propant hel i ne brom de, atropine sulfate,

15 8. Antltusswe and antiasthmatic agents, such as theophylline, aminophylline,

codeine phosphate, dextromethorphan hydrobromide ephedrine hydro-
chloride, and noscapine.

9. Bronchodilators, such as salbutamol sulfate, pir-buterol hydrochloﬁde,
bitolterol mesilate, clenbuterol hydrochloride, terbutaline sulfate,

20 mabuterol hydrochloride, fenoterol hydrobromide, and methoxyphenamine
hydrochloride.

10.  Diuretics, such as furosemide, acetazolamide, trichlormethiazide,
cyclothiazide, hydrochlorothiazide, hydroflumethiazide, spironolactone,
and triamterene.

25 11.  Muscle relaxants, such as tolperisone hydrochloride, eperisone
hydrochloride, tizanidine hydrochloride, mephenesin, chlorzoxazone,
phenprobamate, methocarbamolbaclofen, and dantrolene sodium.

12.  Cerebral metabolism improving agents, such as meclofenoxate
hydrochloride.

30 13.  Tranquilizers, such as oxazolam, diazepam temazepam, meprobamate,
nitrazepam, and chlordiazepoxide, sulpiride, clocapramine hydrochloride,

zotepine, chlorpromazine, and haloperidol.



and scopolam ne. 15 8. Antitussive and antiasthmatic agents, such as

t heophyl | i ne, am nophylline, codei ne phosphate, dextronethorphan

hydr obr omydeyi@eéredr i ne hydro- chloride, and noscapi ne. 9. proauspl@skol at or s,
such as sal butanol sulfate, pir-buterol hydrochloride, bitolterol

nmesil ate, clenbuterol hydrochloride, terbutaline sulfate, 20 nmabuterol
hydr ochl ori de, fenoterol hydrobrom de, -5%d net hoxyphenam ne hydrochl ori de.
10. Diureticgq SUBBaRlodierOSEil ASDinRIat Ao {ﬁmo@ﬁymfoﬁmshharrﬁ@%ﬁb@' de,

cycl ot hi azi de, hydrochl orot hi azi de, hydrof | unmet hi azi de, spi ronol act one,
and trianterene. @Straie, lahtislol kydredhdoridet exprsunlbl Iysiredhlqréde; swhetolol

hydr ochl ori de, epgrisaone..hydroch] oride, tizanidi.ne hydrochl.ori

nephenesi n, chl or E}S@{g(&)‘ﬁﬂl@?@, %%BJPEBWE” b@?ﬂ%ﬂ%ﬁ&ﬁc@%‘a@g& and
dantrol ene sodi unhydrdechl6Bie Rhdhadibiabol i sminproving agents, such as

mecl of enoxate_ hydrochloride. 30 13. Tranquilizers, such as oxazol am

di azepam t embZepantinshytbmihaegeats, sushtas avaspmamideleydeenhdoritieaz epoxi de,

Pl oper i dol - W0 0P AGRSREC B 4885, e Bh RGO ORI RRE ("L Lh s
pi ndol ol , propr anplegiletinediydedvhivridde, nmetoprolol tartrate, |abetal ol

hydr ochl ori de, oxprenol ol hydrochl ori de, acebutol ol _ hydrochl ori de,
met opr ol ol sk@ci nANEZOW seents|syrh A dlapurines probencgsids calebicine, watfai®chl or i de,

and nadolol. 5 15 i PG4 ad ch as procai nam de

hydr ochl ori de, dlsqsdo%%?rt%;r%&gg é]mc}l?lg'ﬁﬁ‘gf%zﬁ?at e, propafenone hydrochl ori de,
and 18xi | et ihe hyaticedgulantsdeuchls tickpidigohydragdodide, doamamd, aakdl opuri nol .,
probenecid, colchicine, warfarin sodiumtablets USP, and sul finpyrazone.
10 17. Anti coagul YAY&Un BO@FSIYA. ¢ i ¢| opi di ne hydrochl oride, di coumarol, and

war farin pot @§si UBlntiepileptics, such as gabapentin capsules, gaphenytoin, divalproex

sodium, sodium valproate, and metharbital.

19. Antihistaminics, such as loratadine, cetirizine hydrochloride,

15 chlorpheniramine maleate, fexofenade hydrochloride, clemastine fumarate,
and cyproheptadine hydrochloride.

20.  Antiemetics, such as difenidol hydrochloride, metoclopramide, and
trimebutine maleate.

21.  Antihypertensive agents, such methyldopa, prazosin hydrochloride,

20 bunazosin hydrochloride, clonidine hydrochloride, budralazine bisporolol
fumarate and hydrochlorothiazide, terazosin hydrochloride, and urapidil.

22.  Sympathomimetic agents, such as dihydroergotamine mesilate,
isoproterenol hydrochloride, and etilefrine hydrochloride.

23.  Expectorants, such as bromhexine hydrochloride, carbocysteine, and

25 cysteine methyl ester hydrochloride.

24.  Oral antidiabetic agents, such as glibenclamide, glumepiride tablets,
glipizide, metformin hydrochloride tablets, troglitazone, tolbutamide, and
glymidine sodium.

25.  Iron preparations, such as ferrous sulfate and dried iron sulfate.

30 26.  Vitamins, such as vitamin B12_ vitamin Bg_vitamin C, and folic acid.

27.  Therapeutic agents for pollakiuria, such as flavoxate hydrochloride,
oxybutynin hydrochloride, and terodiline hydrochloride.



18. Antiepileptics, such as gabapentin capsul es, gaphenytoin, dival proex
sodi um sodium val proate, and netharbital. 19. Antihistamnics, such as

| or at adi n&,0 @@bvé7oi zi ne hydrochl oride, 15 chl or pheni ram ne pal el 85597

f exof enade hydrochl oride, clenmastine funmarate, and cyproheptadi ne

hydrochl ori de. 20. Antienetics, such as,difenidol hydrochloride,

met ocl opram de, and trinebutine naleaf€. 21. Anti hypertensive agents, such
net hyl dopa, 8. aZOAhgao&ﬁéih%hb@ﬁhg@nzy%{élaymmsmhm@ﬁas iIqhaleae, Cl oni di ne
hydrochl ori de, budral azi ne bi sporol ol fumarate and hydrochl or ot hi azi de,
terazosin hydrochmiap@éatlé’ﬁ?dfmrdsodlungble&@iwpﬁbdismpnb quipeptls, such as
di hydr oer got am ne, p n and etilefrine
hydrochl ori de. 23 &%‘(f;e’rtgfﬁ]t%% {a%&gﬂﬁa% %Q%%&B On Fochl ori de,

carbocyst ei ng9. andtheZ@peysfame ing@bdiyhts Sutehs Jfr;edmgdnhmle; semalde, O al
antidi abetic agents, such as glibenclam de, glunepiride tablets,

glipi zPde, et f or HeRdragale sedivy amlodining @ftsgfatet» ?@qubﬁﬁ%@ﬁ@ atrypshit ani de, and
gl ym di ne sodi um%%éu% B&ﬁr@ﬂ&&?&e Eér&’ﬂ?omﬁ%é‘b@lng%‘é{ae gnr%?mehgéa‘?e and dried

iron sul fate. tamns, suth as vitam'n VTt tamn C,
and folic acid. Be‘tama’chmzap@tbtaml cﬁg:arm;stlﬁeahycbmdhlmkdd,lbumppmuch as flavoxate

hydrochl oride, o ut droch [ d terodili drochl ori de. WO
01/ 89679 PCT/ USOlg‘?I/g ‘Pe’ig 52’8”“9\:!?&[ &?@r@ 56’6&\?@ ﬁgleél?é%@ldlenhl bi tors,
such as enal apri | {BlugAdBne, cde?ert@rdolnﬁIga{éﬁFéstrcgééﬁk R spodi um tabl ets,

al acepril, lisinopril, quinapril hydrochlor tablets, famipril, and
del apdDI hydrochl curticsteraids, dixdepams gipwmeml, digitaxig dugtgnreaﬂn}eadrcsgypmjch as
acet ohexam de, endr te sodi u syl at e,
anyl obar bi t one, ﬂﬁ\?g@p}l]ﬁm gﬂbﬁe 3@&&?&?@5}’1}8 P Z"Eﬁ%‘?’r& rone,

benzonat ate, ben Zélth@t@ihz Bs1b@ipinePRENVEhE BY ZOBHorid, @l'ﬁGon{zoléaﬂWa@Ea'nﬂe
hydr ochl ori de, bupropion hydrochl ori de, buspirone HJ USP

chl or anpheni col , Hiwniresme glutetbimide.teviseofdbin hydroshiomthiegideconj ugat ed
estrogens tabl et Shﬁgcortisone, hydroflumethiazide, hydroquinone,

15 hydroxyalkylxanthines, indomethacin, isoxsuprine hydrochloride,
ketoprofen, khel-lin, levothyroxine sodium USP, losartan potassium
tablets, lovastatin USP, meprobamate, nabilone, nelfinavir mesylate,
nefazodone hydrochloride, nicotinamide, nifedipine, nitrofurantoin,
novalgin, nystatin, papaverine, paracetamol, phe-nylbutazone,

20 phenobarbitone, pravastin sodium, prednisolone, prednisone, primadonel
reserpine, risperidone, romglizone, salicylic acid, salmeterol xinafoate,
sertraline hydrochloride, simvastatin, spironolactone, sulphabenzamide,
sulphadiamadine, sulphamethoxydiazine, sulphamerazine,
succinylsulphathiazole, sulphamethizole, sulphamethoxazole,

25 sulphathiazole, sulphisoxazole, sumatriptan succinate, testosterone,
tolazoline, tolbutamide, trifluoperazine, trimethoprim, valsartan capsules,

zolpidem tartrate, and other water insoluble active ingredients.

The excipients (polymers, small molecules, and organic and inorganic
compounds) which may be used in the present invention can be any natural or
30 synthetic substance that can be used as a raw material in the manufacture of
pharmaceutical products. Examples of excipients include:

hvdroxypropylmethvlcellulose phthalate, hyvdroxvpropvlmethvlcellulose acetate



10 corticosteroids, diazepam dicunerol, digitoxin, digoxin, dihydroxypro-
pyl t heophyl line, diltiazem HCl, doxazosin nesyl ate, ergot alkal oi ds,

et hot oi n, wigahi@dépi ne, fluoxetine hydrochl oride, fluconazolpgr/fidoyngstatin
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hydrocorti sone, hydrofl unet hi azi de, hygi(g)qui none, 15 hydroxyal kyl xant hi nes,
i ndonet haci n, isoxsuprine hydrochl ori de;”" ketoprofen, khel-lin,
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h t hi ' | ' | e,
sunat £ pt an_ SRR RE AR Ep S PRRILRE PR afiare! ©

trifl uoper azsoymj deximir, pajinlam Acsadisardgacantia pedivesalginatel plogglent glytolat e, and
ot her water insoluble active ingredients. The excipients (pol ypers, small
mol ecul es, aMgMgicyasA POXHer gﬁlﬁpgaﬁtﬁfﬁh’ PR TEES Wﬁ?%"ﬁﬁ‘&g%@cﬂgﬁd in the
present i nvepnti Hﬁnﬁ%’/ r ; L.C hat can be
used as a ra%kint%? )e’%jablo N tﬁgargrﬁadr%’ %ggl%%&%éﬁyggﬁgiségﬁpgﬁﬁg?%%ct S.
Exanpli@s of polyoxypeotyderergtyand @lurdmic)y maapgap200:800;1408) 600, 38@0, 360MGal at e.
hvdr oxvnr onv t hvl.c u acetate WD.01/89679 P -20

succi nat e, cg%o%?ﬁegm é&%&ﬁﬁ%‘yﬁw gl?f%ql?’ﬁ}lf)l%%g %‘égg{?’g %‘ﬁgﬁé’l ate,
Eudragit acpgii4p0caRPPEOBOE, trif®kiAsid iricthyt @mtey@oﬂ&), TRERBROYH0,C

copol yner S, am noal kélo? nmet hacryl ate copol yner E, poly(vinyl acetal)

di et hyl ani noask8&iSpan 2.3panidAyPlyanics, pelyexyetlsilens sodtitolEgiers, net hacrylic

copol yner RS | i vl 5,al | hi. i t h
ol o o o RS g1 8 one B pRIRGHEGend BobHs B MBkIEL O
hydr oxgpr opy{heRiofydaiiih thiossate, chbnaaleinnyphogiHatt dibRirawoeileinm sdster i n,

pul l ul an, Aca-cia, tragacanth, sodium alginate, propylene glycol
microcrystalline cellulose, lactose, magnesium carbonate, magnesiun oxide,

maltodextrim, mannitol, sucrose, compressible sugar, croscarmellose,

crospovidone, sodium starch glycolate, pregelatinized starch, guar gum, alginic

acid, ascorbic acid, citric acid, cyclodextrin, dextrates, colloidal silicon dioxide,
20 sodium benzoate, sodium bicarbonate, and talc.

The excipients can be used independently or, if necessary, in a
combination of two or more types of excipients. The processing parameters, such
as pressure, temperature, feed rate of material, amounts and feed rates of water
and other excipients used in the production process of the present invention are

25 dependent on the type of active ingredient and excipients, among other conditions.
Moreover, the combination of operating parameters of the system must be set such
that the active ingredient and excipients will be maintained at temperatures below
their decomposition points and the desired characteristics of the pharmaceutical
product will be achieved.

30 Certain aspects of the present invention are illustrated by the examples,
which follow. In the examples below, continuous wet granulation, drying, and

milling were evaluated by producing a tablet containing an investigational drug



al gi nate, agar powder, gelatin, starch, processed starch, phospholipids
(such as lecithin), glucomannan, cetanol, nediumchain triglycerides,

pol yoxyet %W @kes70 pol yoxypropyl ene gl ycol (Pluronic), magaamos/ 14800, 300,
400, 600, 1000, 1500, 1540,4000, 6000, 20000), polyethylene glycols, such
as PEG 200, PEG 300, PEG 400, and PEGg O, triacetin, and triethyl citrate
(Ctroflex), Tweens 20, 60, and 80, Span 20, Span 40, Pluronics,

pol yoxyet hyl 8¢y oY 43ishotvn & FRufo 2. INTRAGHCE hdganulRgby frovstdatyane aci ds,
pol yoxyet hyl ene al cohol s and m xtures 15 thereof, cal ctum carbonate,

di basi ¢ cal cTEN @b owpkaeed ine Agyinganparates/tohnghusingfdaglectric epesgncr yst al | i ne

cel lul ose, |actaose, magnesi um carbonate,. magnesi um Qxi mal t gdextrim
manni o suSFSOEA PR ES Mo e TR S ind B e Bab Rt

sodi um st ar chrodhyeith Examphy Egas aliédby £ Gorsleaticihl ntbfiadd) dulthe etahplésc  aci d,
ascorbic acid, citric acid, cyclodextrin, dextrates, colloidal silicon

di oxi d&, 20 BIarueAnbiaroWaveL Sramdation diving Bahmibing yypye eedleatedrbie exci pi ent s
can be used j [ DI nat4 Wo or
more types. ofteuangdaRiratiycobt A ARARN: et e WERARE R TORCT of 10 O

t enper at ur e, thegeebentiheemionnsgceifically, assaotitihg AW GEeBxaapks 3ahdwat er  and

ot her excipients used in the prodycti on process of the present invention
are 25 depenég’ﬁ?atﬁﬂ’ecMQd‘W‘ﬁé ngi%%ﬁti’té@éPFQ?b‘FE@P’@rﬂloé’rﬂfnél%ﬁ%ﬁ"énts, anong

ot her condit,ngpgd- tahtﬁm ' i i s of the
systemnust b scla?m'sl\jg%ﬁ&t }'ftst eggg??\%y:ﬁglrlg%rlaggﬁga g)???%?%%%?%ll be
mai nt d0ned alimitghpsoopt of te dredeotinvédimnr deconposition points and the
desired characteristics of the pharmaceutical product will be achieved. 30
Certain aspects of the present invention are illustrated by the exanpl es,
which follow. In the exanpl es bel owEXeXiWIPLEUous wet granul ation, drying,
and mlling vver{e eval yated by praoducing a tablet containing an

i nvesti gat i ohkedustion Yreshg lﬁ@ﬁ‘_PPE ablek597 - 21 TSWEC, as shown in
Figure 2. 1n Exanplgedienilf aiAR4SioRE RELIMEEL: ¥nt§%spg;:|§¥}@@b‘9as dried in

a drying apparatus/tunnel using dielectric energy, spec cally, radio
frequency eneixjyg fheswe glmadningredientyuimes 1 Gqtavidlddes. flie bipndrdideay ingredigntoduced
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stuffer mechanism. The feeder was adjusted to yield a feed rate of 11.4 kg/hour.

An aqueous solution containing a surfactant was used as a granulating fluid and
injected into the TSWGC using a piston pump at a rate of 8.64 kg/hour. A total of
6.8 liters of the fluid were used for this product. The temperature of the TSWGC

20 was maintained at 26°C, and the screw speed was 177 rpm at a maximum torque

of 19%. '

The granulation was prepared by the TSWGC with an output of
18.2 kg/hour. The granulation was dried in a tray dryer at 50°C for 9 hours from a
moisture level of 13.6% to a moisture level of 1.0%.

25 The dried granulation was milled in a hammer mill, and the final blend of
product was prepared by mixing the milled granulate product with the listed
external excipients in a V-blender. The fillers and disintegrant were added to the
milled granulation product and blended for 10 minutes at 20 rpm. Then, lubricant
was added to the resulting product and blended for another 5 minutes at 20 rpm.

30 Tableting was performed using a six station tablet press. The final blend

was compressed using standard concave oval tooling, having the dimensions



produci ng a granul ation containing nelfinavir nmesylate utilizing the TSWC
of the present invention, specifically, a co-rotating TSWSC. Exanples 3
and 4 iliwsirsat® the production of a high dose product f rpgy@soh@ssotdensity
active ingredient. The exanples are neant by way of illustration only and
do not serve to 10 limt the scope of t present invention. EXAVPLE 1
Production of Investigational 300-ng Tattet A pre-blend of an

i nvesti gati opghsdx 032650x @XA6H %@a Prad&Spall 8P 30 §5in X comipidstign P&il!‘?sg hed
ingredients, in a 16 gt V-blen The bl end of dry ingredients was fed
from a | oss- showmeinglables§lvwas g‘eaemimd hyrtiommdfsemgmé:ndnﬁergmmagbwﬁ th a side
stuffer nechanis The feeder was adjusted to yield a feed rate of 11.4

kg/ hour. An Iﬁ’&‘ﬁg}g §®%50l ution containing a surfactant was used as a

granul ating fl ui dTROEsultd alltegtﬁl tonahd RVES dasibRd d?ugafo'thqmnsﬂrme at a
rate of 8.64 kg/hour. A tota § liters of the fluid were used fo

this pPoductalsa h@lingi@eT@ﬂml e(lbfhetfhlemﬂ@m@ﬂblmgoﬁé comatassitiilidy aixbC, an d

h d 177. ] 19% T |
B T e

was dried i ndigsdliiteh teétitire@iltsTR6E shovvn 9n Mable 3) frdesmed comilett wéleask@ye!l of
13.6%to a noisture level of 1.0% 25 The dri ed granul ation was mlled in a

hammer i | |, inxpdiseenal drg wishia g reinutep fismuall indiidypl &bdgted by mixing the
mlled granul ate product with the listed external excipients in a

V-bl ender. The fillers and disintegrant were added to the mlled

granul ation product aifdlepl- énwagatmnamnmTﬁbﬂ@s—aﬁ'hﬁ@a}"ﬁwnghen | ubri cant
was added to the—resu 0P 3 ] es at 20
rpm 30 Tabl et i Y RAGS P ﬁs %El IB @95 The fi nal
bl end was conpres§8¥kgsi ng stan@sl?ad concavmimyes) t ool i n@y=R8Vi ng t he

di nensi ons WO 01/ 89679 PCT/ USOl/(gLéSIQ)j -22 QnB43" X §id2990 Mifel465", at a
press speed of—36FpH 6 of-+He o HOWR—) bl-e—1) was
gener ated by corrpﬁe1 ' i &4 forces. The
results of physicali7iggtd ng on M]fiiotjg/esti gaiipnal drug fgrgul ation, are

8.07/823.1 16.3+0.9 3.7 0.32
9.27/945.5 193+1.3 4.7 0.18
11.77/1200.5 242+14 5.3 0.18
EXAMPLE 2
10 Production of Investigational 600-mg Tablet (Higher Strength)

A pre-blend of an investigational drug, at a higher strength than in
Example 1, and excipients was prepared by mixing the weighed ingredients for
20 minutes at 25 rpm in a 42 liter bin blender. The powder blend was then
introduced into the TSWGC according to the present invention by a side stuffer

15 feed mechanism (as shown in Figures 2-4). Three pairs of mixing elements in
combination with different sized conveying elements were used.

The dry ingredients were fed from a loss-in-weight solid feeder configured
with a side stuffer mechanism connected to a hopper containing the solid
ingredients. A vertical agitator was used to mix the contents of the hopper. The

20 feed rate of the powder feed was 10.5 kg/hour. An aqueous solution containing a

surfactant was used as a granulating fluid and injected into the TSWGC using a



5 also outlined in Table 1: (1) the fornul ati on exhi bited good
conpressibility and disintegration with the tablet cores disintegrating

Wi thin 6 Wwiguiisesio and (2) the dissolution testing resultedimgolgsewn in
Tabl e 1) indicated conplete release of investigational drug within 20
mnutes fromall individual tablets. Table 1. Investigational Drug

Tabl et s- Physi cal Testing Conpression Fotce Hardness Disintegration

Friabi ity (80s proddVekme thhBabnkabrtheanWEE wakhinfdingd 0k°¢ BnFipd) Time = 10
Mnutes 5.16/526.3 9.1 0.5 2.0 0.88 7.17/731.3 14.2 0.8 3.0 0.35
8.07/823. 1 1€r8w sfieed v&s200 r3A at 8 nRiki8dR tbrqii® 0835%. FhelgranOlatign whi. 77/ 1200. 5

24.2 1.45.30.1 Pr oduct | f. Investigational .600-ng

Tabl et ( H greiePisE B e SOy el oty ob i srhodoky Bt Bt hiaion ar o

hi gher strenghddddiBR o diyinEraiRl Bsitkg rARGIfrBfcnBY BRrEy WM PHBRAIE ey ofm Xi NY
t he wei ghed i ngredi er?tés?ylpor 20 Srn'%\ates a?&ggyrprﬂg}(n a 42 liter bi(r)i

bl endep. The2ZB%der mvistute iaeed of kese thanr. 0% dlbegranwlipdon wes Ir8Vd¥vmeoser di ng t o
the present inventi. side;stuffer 15.f.eed nechanism{as sho in

i gur s o-a) 2P R S TRe B ARITRN ve nai a5 TREB SBRA RE ARG Fer on
si zed conveyiheg)egbpémrwa%mﬁemﬁﬁ}te_The dry ingredients were fed froma

| oss-in-weight solid feeder configured wth a side stuffer nechanism
connected to a hophdriedogrennlafiongwesmilled)ing@ hammegr seillend she fAna) blandod)

agi tator was 1 f D f eed rate of

t he powder f%ﬂgggé\i/ﬁsagfg%@ %gg%hrglg&f ﬁ‘tﬁﬁg@tﬁ% usuglg ﬁrt% ?%Cr%zggﬁ%%fn%?ng a
surfatgant vesipiagslings VeblgidenUltetfilleys addudisintegehnit Bjeerideidd kdthe nhillied TSWEC
e
maxi mum t or 9 ( WGC wi th an
out put of 1?1&5%1-@29%%lf%gsluﬁgﬁrlgs%%lag?g%&?%&éﬁ%@\aa?%ﬁlg% %tggzgglgiyi ng tunnel
usi ng radi o frequtadstingneagperformed asingiasbustatidnetablet pess. The final blend

was compressed using standard concave oval tooling, having the dimensions
15 0.7" % 0.355" x 0.07", at a press speed of 30 rpm. A compression profile was
generated by compressing the blend over a range of applied forces.

The results of physical testing on the high strength investigational drug
formulation are outlined in Table 2: (1) the formulation exhibited good
compressibility and disintegration with the tablet cores disintegrating within seven

20 minutes; and (2) the dissolution testing results indicate complete release of drug

within 20 minutes from tablets compressed over the entire hardness range.

Table 2. High Strength Investigational Drug Tablets— Physical Testing

Compression Force Hardness Disintegration  Friability (%) (n=20)
(kN/kg) kp)(n=10)  (min) (n=23) Time = 10 Minutes
4.66/475.5 8.5+0.9 4.2 2.76
6.03/614.7 12.0+0.9 55 1.38
6.58/671.0 137+ 1.1 53 0.82
8.54/870.8 189+1.2 6.0 0.39

9.93/1012.5 223+1.7 6.9 0.49




5 22.9%to a noisture level of less than 2.0% The granulation was |aid
down on a 24 inch wide belt. The granul ati on bed was 22 inches wide and 1
i nch deepwoagioeiohe belt speed was 0.26 feet/m nute. The didtagkoghnsdul ati on
was mlled in a hamrer mll and the final blend of product was prepared by
m xing the mlled granul ate product andzfxt ernal 10 excipients in a

V-bl ender. The fillers and disintegrant“Were added to the mlled

granul ati on product and bl ended for giAmpngt®es at 20 rpm Then, |ubricant
was added to the resulting product and blended for another 5 mnutes at 20
rpm Tabl et i Brpdustiop of NelfinayiyMesylate Granwation and fhigh-dlospdablet The fi nal
blend was c npre§§eg§ H@i ng standard concave oval tooling, having the

di mensions 15°0. 77X ]6 55" x 0.07", at a press speed of 30 rpm A

conpr essi on pr of i Tke pesblegHNe tgit 6pkrYorcRaPp@ssiineg it Bewinlshell blndér. a range of
applied forces. The results of phyfsi cal testi rJIq on the high strength

i nvest Pgat i ofash partign of pelhpavak mevylate and caleiupenlicate wag plended for) ¢ he

formul ati on . iDL hSi ratl i.th the
tabl et cor os SLTLpE A1 g @8t MR My baREat 1100 T ey O e

di ssol uti on blesdd werertkauditchargediin fibse drans|limed with prdygethydénedyagg W t hin 20

m nutes fromtablets conpressed over the entire hardness range. Table 2.
Hi gh StrengtB. | nvegin-gateioWat GRmutatibabl et s- Physi cal Testing Conpressi on
Force Hardness Disintegration Friability (% (n = 20) (kNkg) (kp) (n =10)
(min) (n = 3) Tinéhelopodepsityipeasblend gep feponty the swingcrew wet gramgatop. 03/ 614. 7

12. 0048 5.5 . - 0 : . 2 4 ) 1.2 6.0
030 18 oay 1facdfiedyPlik (st v udsifessep e im it oollih Buhothe 2
EXANPLE 3 Pr gugicoseify Nab 850uh; anktiy bide st sting hes 26Ntk Epse
Tablet A Pre-Blend T - bl_endi njt.operatio S _perfor in a
T L5 L5 LT B P P PRI L
silicate was;p 808fghtih9f displaced gas occurred in the first barrel. Liquid was injected

into both the second barrel and the third barrel. The elements were arranged to

15 decrease in pitch, thus volume capacity, as the material was further processed
through the granulating system. An output of high density wet granulation from
3.9 to 4.2 kg/hour was observed. The granulation was then dried in a fluidized
bed. Using the granulation obtained, a high dose tablet was prepared. Tableting is
performed by utilizing equipment and techniques well-known in the art.

20 While this invention has been described with respect to specific
embodiments thereof, it is not limited thereto. In its most general sense, this
invention encompasses a twin screw granulator-chopper and/or radio frequency or
microwave dryer used to produce a pharmaceutical granulation, and a single pass,
continuous system for producing such products incorporating the granulator-

25 chopper, the dryer, or both. Examples are provided that illustrate the production of
a high dose product from a low density active ingredient. Nor is the present
invention limited to the examples shown. Rather, various modifications may be
made in the details of the invention and its various embodiments as described and
exemplified without departing from the true spirit and scope of the invention. The

30 claims which follow should be construed accordingly.



15 m nutes. The density of each material was between 0.1 to 0.15 g/cc. The
pre- blends were then discharged in fibre druns |ined with pol yethyl ene
bags. B. W4 ¢i7sdeew Wet Granul ation The | ow density pre- blpgndysyagsdoed i nto
the twin screw wet granulator 10 (nodified 34 mmLeistritz), via the
side-stuffer unit into the second barre The granulator setting was 350
rpom and the side-stuffer setting was rpom The dry pre-blend was fed
at 3.0 to 3.2 kg/hour. Liquid was injgcigdgfrom16 to 25 nl/ mnute.
Venting of displaced gas occurred in the first barrel. Liquid was injected
into both the second barrel and the third barrel. The el enments were
arranged to WA gqslpuﬁég jd:n pitch, thus volunme capacity, as the material was
further processe rough the granul ating system An output of high
density wet granul ation from 3.9 to 4.2 kg/hour was observed. The

| Bt i .
bt ai nod, a Fi gh ot B sbftifhobn MockB R fof pHOAch N BB D
utilizing eqU| pnegﬁanﬁlaﬂoﬂ eohiprigings wel | -known in the art. 20 Wiile this

i nvention has been descrj bed respect tqQ specific _enbodinents thereof,
it is Aot Iinited@® heha rav%wﬂlelg ?ﬁslgfstg@%@%ﬁgﬁa%enwhﬁr@muﬁ it i on

enconpasses a twin s r and/or radi o frequency or
C{chVe Ogg&ig AR ; & APRST

m crowave dryer used to pr e a p armacéutical granulation, and a single
pass, continuous(byysd ‘@nnfsuewpmﬁ@mxﬂ@oxsduippmdn&mtfer gnandapngﬂnblan@vet he

granul at or 25 chopper., dr or both re ovi.ded .t hat
illustrate the produc‘flg’E?H agcgaqﬁl?tb‘ﬁsa%%geﬂ%&h %fP‘{ ‘g g?rtsy active
ingredient. Nor is “’ﬁ%to%ﬁr%%nulhﬁﬁ&%ﬂ@d% shluwrestré@v&ehgraﬁmfwl es shown.

Rat her, various nodifications may b made in the detail's of the invention

and i 18 vari ous enbomhﬁemrsndngEQ&OuﬁaﬂSded defvu@dsmﬂhm@mg departing
fromthe true splrltanld scope elnventltgﬁ ES 3 Ialms whi ch foll ow
shoul d be construed agggflmgﬁgrroyex 107 PO B hd 1}} -25 CLAI M5
What is clainmed i @) leonfefihfdblingesd laRlihd HRbSs M@@lﬁ&?iﬂgghéiﬁﬁ em f or

produci ng pharmaceutical = granul ati on corrprl sing: 5 (a) powder and |iquid
f eeders to provide atgfp@déﬁomﬁ@mﬁh%?%kéé $31¢ finyscrew wet granulator-

chopper, loading the wet granulation on a dryer belt, and leveling the
| 15 wet granulation to the desired height;
(d) adrying apparatus for receiving the wet granulation from the dryer
belt and drying the wet granulation using dielectric energy;
(e) conveying means for transporting the dried granulation from the
drying tunnel for size reduction;
20 (® amill for reducing the dried granulation to particles of a desired size;
and
(g) control means for controlling process variables of at least one of the
powder and liquid feeders, the twin screw wet granulator-chopper,
the conveying, loading, and leveling means, the drying apparatus, the
25 conveying means, and the mill to optimize production of

pharmaceutical granulation.

2. The system of Claim 1 wherein the powder is fed through a side-stuffer
unit, and the liquid is fed into a liquid injector for addition into the twin

screw wet granulator-chopper.



active ingredient and additives; (b) a twin screw wet granul ator-chopper
device for granulating the active ingredient and additives received from

t he powdewoangobioqui d feeders into a wet granul ati on produgiyshanskot Wi n
screw wet granul ator 10 chopper including a housing surrounding said

devi ce, said housing including a nonextruding opening at the outlet

t hereof; (c) conveying, |oading, and | 9@ i ng neans for conveying the wet

gr anul ation &rom Pﬁ't@nb opper,

| oadi ng the \%\/et g?gﬁs ati gﬁcg‘{ﬁmaa‘ﬁg?té%@eﬁ%%angﬁ‘?%%@mn%ﬁ pfép

granul ation to theompssesadndvhagikin; fof chopaingrthe pynalation aitcmélsf:mte recei VI ng the
wet granulation fromthe dryer belt and drying the wet granulation using
di el ectric energyP #e ‘conveyi ng nmeans for transporting the dried

granul ation fromthe drying tunnel for size reduction; 20 (f) a mll for
reducing the drie ranul a articles of desi red Si ze and (Q)
control nean# for%gﬁxsﬁﬂ’P IOWE%@ ‘?P’é@eé§?@F copveyingelemgats g t he

powder sand |1 qul drdiediPsidereslifely Woha 6L RIGNRE 1 QAVEAROEIRRARPET . Lhe

conveyi ng, |oading, an i ng ne rying app ratus, the 25
conveyi ng neans and the mll to optlnlze productlon of pharnaceutlcal

granul ation. g | rough a
Si de-stuffer un|t sgéﬁﬁ}é FI gui H%rémf%g&rdl%mgo farle?glui (I%Clﬁ%‘é@[% P

addition into thepbsmmsn whereaneagtta Igjmmubﬁtmeﬂlqnﬁophﬂectedﬁ@tcﬂthbﬂeﬁw

PCT/ US01/ 15597 -26 3. The systemof Claim1l wherein the twin screw wet
granul at or-chopper conprises a nechanismfor chopping the granulation into

di screte pabti cl @he sybten] beChyatlewherbinGhatontio] wieaheinoludbempadsgoes of t he
conveying elements are. 5 reduced progreSS|ver al ong the Iength of the
conveyi ng el ement Mogitorpgcandiionsof theaygiem and \maﬁr@lﬂlﬁg pEAsaEs varigbleagf #tnt o t he

devi cqoat the SanRgst one of the powder and liquid feeders, the twin screw wet granulator-
chopper, the conveying, loading, and leveling means, the drying apparatus,

the conveying means, and the mill.

7. The system of Claim 6 wherein the moisture content of the granulation is
monitored on-line and the liquid feeder is controlled to adjust the moisture

15 content.

8. The system of Claim 6 wherein the uniformity of distribution of the active
ingredient is monitored on-line and at least one of the powder and liquid
feeders, the twin screw wet granulator-chopper, the conveying, loading,
and leveling means, the drying apparatus, the conveying means, and the

20 mill is controlled to adjust the uniformity of distribution.

9. The system of Claim 1 wherein the twin screw wet granulator-chopper
comprises two or more screws having interengaging threads adapted to
rotate in the same or opposite directions and granulate the active ingredient

and additives.

25 10.  The system of Claim 1 further comprising after Step (b), the step of

milling the wet granulation into particles of a desired size.



position where at |east a portion of the liquid is injected into the
device. 6. The systemof Caim1l wherein the control neans includes neans
for nonitaig Ngegendi tions of the system and controlling prreaassyingolabl es
of at 10 |east one of the powder and liquid feeders, the twin screw wet
granul at or- chopper, the conveying, |oading, and |eveling neans, the drying
apparatus, the conveying neans, and the'mll. 7. The systemof Claimé®6

wherein the {pi StH{@m@%H%Fm%n% ol %&ﬁb&trgmﬂné&utiwg}ﬁqra%nwl ine and
the liquid feeder 1s controlled To adjust the noisture” 15 contént. 8. The

system of O ai m 6nstieg ef least bae pharmacenticgllyp dctiliedngredient with exXcipikeisact i ve

ingredient is nonjtqred AN nd at | east one of the powder and liquid
feaders. t he tw nbBgPaW I ieiFER S Bt REfper PR e BSRE LI 4301 ng.
and | eveling meangsyet Qx@n@l&ﬁbxﬂ&n@ﬂ@aﬁgkaaw& BRNGRAYE YhéBnpredégentand the 20
mll is controlled to adjust the uniformty of distribution. 9. The system

of C aPm 1 wher ei eomprésingsi n screw wet granul at or- chopper conprises two or

more screws having int g)&%rir}%ﬁ%%&;%ggé}%gﬁ% Maa%ggsérng&e?tg?%lﬁgit&_the same or

opposite directions an active ingredien additives. 25

10. The syst em of cdppeibylfcbdihg Atlcag @Mp bhaint@e@idally a8ivefingtedient,he step of
mlling the wet granulation into _particles_ of a desired size. WO 01/89679

PCT/ US01/ 15597 - e¥ciments, bindersyand dguids fo sak pragulatosshpprss 8t pregelected

phar maceutical gr i Lot | active
ingredient with eg)g%@%r??d&gq}{%}en erﬂsq?[egit\rghﬁ?g{% %??g@%ﬁpgﬁ&%fé r%i%t ure,
choppilfig sai d wet withatitlexeusioh,at oae et ofyadhgriaatlatoncheppdr,cing idngng said  wet
granul ation, the inprovenent 5 conprising: formng said wet granulation in
a twin screw wet PREWEHMRor- chopper by feeding at |east one
pharmaceutically active ingredient, excipients, binders, and liquids to
sai d granul at or-chopper. at presel ected, |ocations along t hg}ﬁl engt h t her eof

renovi ng sai 8#-gr ah Bethed of Shimnllowhergin the sy Bie BeEwesdydhIedifedhne end of
sai d granul at or-cplq&gg_r, and drying said

13.  The method of Claim 11 wherein said wet mixture is granulated by the
15 rotation of twin screws of said granulator-chopper, said screws having
interengaging threads adapted to rotate in the same or opposite directions

and granulate said mixture.

14.  The method of Claim 13 wherein said wet mixture is granulated by
thread-free zones of said screws and said granulated mixture is chopped to

20 form discrete granulation particles.

15.  The method of Claim 14 wherein the thread-free zones comprise at least
one member from the group consisting of kneading discs, combing mixers,

gear mixers, pin mixers, and calender gap mixers.

16.  In a method for making a compressible pharmaceutical granulation by
25 mixing a pharmaceutically active compound with excipients, binders, and
liquids to form a wet mixture which is then granulated and dried, the
improvement comprising drying said granulation using dielectric energy in

a single pass, continuous mode.



granul ation. 12. The nethod of C aim 11 wherein the screws have
progressively reduced pitches. 13. The nethod of Caim11l wherein said wet
m xture i woyn@&dsHoat ed by the 15 rotation of twin screws agicteedod15597

granul at or - chopper, said screws having interengaging threads adapted to
rotate in the sane or opposite directio and granul ate said m xture. 14.
The nmethod of Claim 13 wherein said wef“i xture is granul ated by
thread-free zpnestRi nRfiod TCIAWS1 ARHER] s‘iicgéﬁﬂ&lhﬁ&r?{i dﬂe&%ﬁgg rhdiochopped to
20 formdiscrete granulation particles. 15.7 The met hod of aim 14 wherein
the thread-free zgn@sencbﬂﬁf)i, kv Bequesay microwe e bégh frequenehmioge ways

consi sting of kneading.discs, conbing m xers ear m xers in mxers, and
cal ender gap m xef'&Te ’él.a‘?rﬁmﬁw;ﬁ? ’?ag%ém?%’gﬁa %Fl&%%ﬁlgm‘mﬁ
pharmaceutical gr Rively deYreadnglindishtte oMb IARERIWrntiadtion 36hidve conmpound
wi th excipients, binders, and liquids to forma wet mxture which is then
granul at ed and dr greaulatipemovagprlenesait dryieggnbagtyy dryi ng said granul ation
using dielectric energy in a single pass, continuous node. WD 01/ 89679

PCT/ US01/ 15597 -28 17. The method of Caim 16 wherein said granulation is
dri ed using t&di oTh¢ methedred Clgimr)7 wherginfsaishgrenelgtion tsrdsisd\be anor  hi gh

having o adi ont SharER et ol PR R Y B3R trel R s ontcnt i s

granul ation as said 5 granul ati on noves al ong said drying apparatus. 18.
The net hod oﬁ Cl aim 17 V\@lgrfei sai g)[hgr anulétf;ailon is dried hy. an alternating
electric fiel® prodGRRY? %fc&élr’?gra FOUFURE SHEMHAON CYBPTIAAE 3 hpar at us f or
drying a pharnmaceuticah _c&m?ﬁigadeu% R8P TrgHnt FranSpdrBAY B dighulbRioh th OF
receiving and transporting the granulation to 10 be dried; a drying tunnel
for rd@eiving thebgfdetil ati on, said tunnel containing a source of

dielectric energy and ghReld QUSRS thPfecBlRBAL Bhnifhidh ' BldWAhhd Sontaining

a source of dielectric energy and electrodes for producing an alternating

electric field to heat the granulation;
a source of heated and cooled air;
15 a flow control mechanism for controlling the flow of heated and
cooled air in the tunnel, the flow control mechanism removing moisture
from the tunnel; and

control means for controlling the energy and air flow in the tunnel.

20.  The apparatus of Claim 19 wherein the dielectric energy is radio frequency

20 energy.

21.  The apparatus of Claim 19 wherein the dielectric energy is low frequency

or high frequency microwave energy.

22.  The apparatus of Claim 19 wherein the direction of the flow of heated and
cooled air in the tunnel is co-current or counter current with the direction

25 of the granulation being transported on the drying belt.

23. A twin screw wet granulator-chopper for granulating an active ingredient

and additives comprising:



electric field to heat the granul ation; a source of heated and cool ed air;
15 a flow control nechanismfor controlling the flow of heated and cool ed
air in thagumoel, the flow control nechani smrenovi ng noigiturd/15396m t he
tunnel ; and control neans for controlling the energy and air flowin the
tunnel . 20. The apparatus of Claim19 wherein the dielectric energy is
radio frequency 20 energy. 21. The appafatus of Caim19 wherein the
dielectric energy is IQﬁbagi@é&ﬁﬁﬁinﬁ%edwﬁts%&@ﬁe@m@@apa&v&niﬁg%f gy. 22.
The apparatus of Claim19 wherein the direction of the Tlow of heated and
cool ed air in thelepstromelactive ipgredient and adglitivesunt er current with the
direction 25 of the g ulation,bei.ng tr.ansported on .the drving belt. 23.
A twin screw wet gr anuf@%l Sr=¢] %B%? h}eg}oualpghtﬁ]eﬁ?rf“ﬁ’&%%wn%&t?vgg% edi ent
and addi tives comhiéals AgaptsiRoGdtabdintle Buld &iSEpbodinbdirectiodd a housing
containing feed points for solids, and |iquids containi n?. at | east one
active’ingredi ent and a#iternfoprotating the Binsarewaite min thawlids aad hgpids he screws
havi ng i nt er engagj [ . adapted to rotate in the same or opposite
directions; 5 a n%)nt@(g?g]fa%pﬁ?g?’ati ng the twin screws to mx the solids and
liquids into a granul ai opsnendrfoodiechaegidg fhergramdatioar ghdig t he granul ati on;
and neans for chopping the granul atiﬂc;n into discrete particles. 24. The
twin screw wet granul afgpR 1 %ﬁ“HiaE‘SnFQ}PldFFQFet%B%F]i%i ng 10 one or
both of reverse threads and thread-free zones for granulating the solids

and liquids. 25. The twin screw wet granul at or-chogger of Claim 23 further
conprisi ng a#d | edB¢ VHRSCTIBNNRL SARHMPT-pRORpELRAC AR 2P denthey compRFBadi ng

di 5¢5.1COMDI NG KOk Spof)6Ploy 0 Bl gt AEfSe 26U SARERASNARR ™ Xer'S,

for granul ating the so I qul
solids and liquids.

25.  The twin screw wet granulator-chopper of Claim 23 further comprising at
least one member from the group consisting of kneading discs, combing
mixers, gear mixers, pin mixers, and calender gap mixers, for granulating

15 the solids and liquids.

26.  The twin screw wet granulator-chopper of Claim 23 wherein the chopping
means is flush with the open end or extends beyond the open end of the

twin screw wet granulator-chopper.

27. A continuous processing system for producing a high dose pharmaceutical
20 granulation comprising:

a twin screw wet granulator-chopper;

a powder feeder adapted to feed a powder to said twin screw wet
granulator-chopper, said powder comprising a pharmaceutically active
ingredient;

25 a first liquid feeder adapted to feed a liquid to said twin screw wet
granulator-chopper;

wherein said powder feeder and said liquid feeder are coupled to
said twin screw wet granulator-chopper and adapted to feed said powder

and said liquid at an inlet of said twin screw wet granulator-chopper; and,



26. The twin screw wet granul ator-chopper of Caim 23 wherein the chopping
nmeans is flush with the open end or extends beyond the open end of the

tw n screwgmigogioanul at or - chopper. 27. A continuous proceggiTagsosNsioem for
produci ng a hi gh dose pharmaceutical 20 granulation conprising: a twn
screw wet granul ator-chopper; a powder fgeder adapted to feed a powder to
said twn screw wet granul ator-chopper‘,3 sai d powder conprising a

phar maceutical |y acti Vneldidéfdh&Rler aha sﬁdﬁ1q‘h§fﬂ$x’v%§gﬁ &sgﬁmn%eéw ed to
feed a liquid to said twn screw wet granul-ator-chopper; erein said
powder feeder andwstgrdnlatpmichopree fom saidindeup he dutles of said dwinnicrevemebw wet
gr anul at or - chopper_a adapted to feed said powder and said liquid at an
inlet of said tw BABRRIRISRPPY: anul at or - chopper; and, WD 01/ 89679

PCT/ US01/ 15597 - 30 whefi@iwinSRidlv wevslahulaie cRaipdr bofipiding:! ow t hrough sai d
twin screw wet granulator-chopper fromsaid inlet to an outlet of said
twin sérew wet granul aX or - elispsenyeyses eementhayingahlaast ongreanveyansr - chopper
conprising: 5 a) a first conl\éamln]igi c%l,enent havi ng at | east one conveying
el ement pitch; b) a second ESHVEY ﬁg’elenent havi ng at | east one conveying
el ement pitch and posi b) oned sé®dnd@bhwasingdedentaaingRe Riabt cirldoMvatig ve
ingredient after said first conveying 10 el ement, wherein said second
conveyi ng el enent has at | elggenppitchqnd pesitiened toirgntagt saikast one pitch of

nveyi ng has at | gSenbpiishsmdansiiess o dast one pit:
betwoen said firet and sai Brenebedicallt ST bR Rl AR PREAPAEE T one

choppildg el enent positi onedelementymhacdin sdd decopl avimryaigdl@atithaset | ve
i ngredi ent after

said s econ?east one pitch less than at least one pitch of said first
conveying element;
c) a first mixing element positioned in between said first and
said second conveying elements;

15 d) at least one chopping element positioned to contact said
pharmaceutically active ingredient after said second
conveying element; and

a housing surrounding said elements, said housing defining said

inlet, and a nonextruding opening at said outlet.

20 28.  The continuous processing system of Claim 27 further comprising:

a third conveying element having at least one conveying element
pitch, said third conveying element positioned to contact said
pharmaceutically active ingredient after said second conveying element
and before said chopping element, wherein at least one pitch of said third

25 conveying element is less than at least one pitch of said second conveying
element; and

a second mixing element positioned in between said second and

said third conveying elements.

29.  The continuous processing system of Claim 27, further comprising a

30 second liquid feeder.



conveying el enent; and a housing surrounding said el ements, said housing
defining said inlet, and a nonextrudi ng opening at said outlet. 20 28. The
cont i nuouwI@ee®si ng system of C aim 27 further conpri si ng/@soifsod
conveyi ng el enent having at | east one conveying element pitch, said third
conveyi ng el enent positioned to contact_said pharmaceutically active

i ngredient after said second conveyi ng‘% "ement and before said chopping
element, whesin ghe Latholliiobdhl sl UrEIki 171 iR GRBHEYLRALC! CTeNt s

| ess than at |[east one pitch o salé second conveying elenent; and a
second mi xi ng el efeed¢r qndssaidi foneliuic faedévare hothaiodplsd tosaid &wiak sceai wett hi rd
conveying elenents. 29 The confinuous ocess| systemof C aim 27,

urt her aompr 1 si ngreatlaigs-<OEROR &t § PUUICR FBRERS HE) GOV BOBE SBER 8501/ 15597
-31 30. The conti pytisncBliREA8 Boiingyst em of O aim 27, wherein said powder
feeder and said first liquid feeder are both coupled to said twn screw wet
granul at or-chopper at a position where said first conveying elenent is

posi ti gned i gy sai ‘ﬂhé"Qélﬁzinﬁgui]?roééssingg%t&ﬁfo'd]&iPd’?O RiRESA 3hiAdehatgmof O aim
30, wherein said second liquid feéder Is coupled to said twin screw wet

gr anul at or - choppefeedgr ia cparded foomaid iven serew witeranuddomchoppetat e posigpn ng

el enment and said first mxing.elenent .are, positipned.in said housjng. 32.
The cont | nuoue. pr beteees RSttt Fishenh e i it g elefisht 10
pharmaceutical i ng[re?ggﬁi@hed:ﬁrga{dmingel finavir nesylate. 33. The continuous
processi ng systemof Caim 33, wherein said powder further conprises
calciumsilicate. 34. The continuous processing systemof Caim34, wherein
the ratio of 33 nel frh@eﬂﬂtfnuﬁﬁsgl)fxlo@ésgin%%yﬁ%%f@hiﬁii’? GRfcReih SaiR@ENREN 3: 1 and
5:1. 15 35. The continuous processing system of .C1 aim 34, wherein the ratio
of nd0finavir nephdraaceutivalciaprsidient eithpresgs selifivavir mesylate.

33.  The continuous processing system of Claim 33, wherein said powder

further comprises calcium silicate.

34.  The continuous processing system of Claim 34, wherein the ratio of

nelfinavir mesylate to calcium silicate is between 3:1 and 5:1.

15 35.  The continuous processing system of Claim 34, wherein the ratio of

nelfinavir mesylate to calcium silicate is 4:1.

36.  The continuous processing system of Claim 27, wherein said liquid

comprises water.

37.  The continuous processing system of Claim 27, wherein said first mixing
20 element is positioned immediately adjacent both of said first conveying

element and said second conveying element.

38. A method for producing a high dose pharmaceutical granulation
comprising:
(@ feeding a powder comprising a pharmaceutically active ingredient

25 to a twin screw wet granulator-chopper, said powder having a



36. The conti nuous processing systemof Caim?27, wherein said |iquid
conprises water. 37. The continuous processing systemof Caim27, wherein
said firsiwgipgoe® 20 el enent is positioned i nmedi ately adicazedai/1feth of
said first conveying elenent and said second conveying elenent. 38. A

met hod for producing a high dose phar rTgﬁuti cal granul ation conprising:
(a) feeding a powder conprising a phar eutically active ingredient 25 to
a twin screw wet gﬂganummr -aqitﬁﬁcpﬁrsalcwlﬂ sBrewdedt ghatilfter-ehoppd 1/ 89679

PCT/ USO1/ 15597 - (b) feeding a liquid to said twin screw wet

granul at or - choppet) (eqnt@@mgaeldulnguctm@audmw@brawdl@ﬁrs@cwmmg with a
first conveying elene idotwin screw Y4 per, said
first conveying el ema[ﬁlltenﬁg nsaldatt‘m]ilacre o"]a%lraaﬁl)p?cﬁ S%gn Sgctl ng said
liquid and said powder comviehing didrﬁé:dthavmgagle@ét@ﬁepitch ;of said twin screw wet
granul at or-chopper to forma wet nass; (e) contacting said wet nmass with a
second3conveying &enefentetingsaid liquigl andsserceppwidar V!}F}a%ﬁF%WméﬁWF sai d
second conveyi ng el ene nss] east one
pitch of said second % aé%%&eﬂlgrr?g}Vg%%%l&ppc@é%gp?hfgﬁﬁa eas% one pitch
of said first congyi ngorehaingrihid wetdndsh withandeactd cgnveping eleptentrabsidv t h a
choppi ng el enent of said twin screw wet granul ator-c op er .and choppi ng

said wet mass into a GVRSGIEH Weigranuategchoppar, saidivsee SHIRg AIOMERY ¢ her
conprising the steps Ohaxgﬁghtl@&&bﬁ&gmﬂv&m&nmeamﬁégmﬁ&mmﬁh

conveyi ng el enent of sail twn screw wet granul ator-chopper, said third
conveydng el enent havcotg/eahlgle&mntasrﬂessﬂhbm:ht,leadhenepmclmfdaeh&mt one pitch of
said third conveying el enent SS than at |l east one pitch of said
second 20 conveying eF%IH@Pﬂn‘ge ’§ contacting said wet granulation with

a second m xi ng e[f§Mententacting said wet mass with a chopping element of said twin

»(IJ

screw wet granulator-chopper and chopping said wet mass into a

granulation.

15 39.  The method of Claim 42, further comprising the steps of:

(a) contacting said wet mass with a third conveying element of said
twin screw wet granulator-chopper, said third conveying element
having at least one pitch, wherein at least one pitch of said third
conveying element is less than at least one pitch of said second

20 conveying element; and

(b) contacting said wet granulation with a second mixing element;
wherein the steps of contacting said wet mass with said third
conveying element and contacting said wet granulation with said
second mixing element are performed after the step of contacting

25 said wet mass with said second conveying element and before the

step of contacting said wet mass with said chopping element.

40.  The method of Claim 42, wherein the temperature of said twin screw wet

granulator-chopper is maintained at a temperature between 15°C and

90°C.



wherein the steps of contacting said wet mass with said third conveying
el ement and contacting said wet granulation with said second m xi ng

el enent awe a@wéwr ned after the step of contacting 25 sai poratsoiAsSs7W t h
sai d second conveying el enent and before the step of contacting said wet
mass with said chopping elenent. 40. Th%rret hod of C aim 42, wherein the
tenperature of said twin screw wet grarul at or-chopper is nmaintained at a

t enper at ure pet weRphhikactflical 3mulMenCbipRing thCGTHdipddutioaOutanuldddl. A

phar maceutical formulation conprising the pharnaceutical granulation

produced accor di nprodacadrscerdingdd tes mghgdmfgalm 11.



