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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.
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VO 01/89679 El%(/e, h{e%lréseh{ inv&nioh can be easily scaled-up. Since the process is

continuous, the batches of various sizes can be manufactured using the same piece

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 grénulation 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
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produci ng a granul ation product, which can be further processed to nake a
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present | SRl SOmR 8RR L BB A A e
PCT/ U$81/ 1558d commvéntional 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
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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



WO (11/89679 PCT/USII1/1-5597 -5 contacted with a chopping el enent of the
tw n screw wet granul ator-chopper and chopped into a granulation. The
present i owewnldyed provi des a single pass continuous, autonmptedsoPrsaeess for
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clarity. Included in the draw % are the foll ow ng fi_gures: 20 Figure 1 is
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granul at or- chopper according to e present 1 nvention; Figure 3A is one
enbodilgent oforinehighidosessgrasviatisraprodadtor - chopper 25 according to the
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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 odewganfsvgur ati on useful in the drying apparatus acpofr@kingists t he
present invention. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention conprises an autonmated, single pass system including process
and apparatus, for continuous producti orP-of phar maceuti cal granul ation
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dryi ng appar teysesehi iohentsmsand el ectri c energy, such as radi o frequency
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product. Thej, thoWEingBypbaut'aRerdify (PAIRipRALAARVMMHR, t he dielectric

ener gy- based drying apparatus or, alternatively, it may be used separately

-wth 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 THAEG1PED DAKCRIPRION S THEINENPRONSED 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 pment. The T &Qémﬁ.\%%ﬁoﬁ%%gﬁgéggmaﬂf&%?giééﬂ{gg%‘g‘%g%gﬂ&land choppi ng

el ements to achieve distributive and, when Ive’ m xi ng. The
desi gn and mkclugimpemrbeast ahd epscatesy fet emtinbsusgqandingionafiphdrmiaveicat ess acti ve

ingredients and addi.tives, o arying byl k densities so that a_honbgeneous

grgnul ation Hﬂ&@‘&&?nﬂagcw%&aéar.gr?ﬁ Squ\ﬂc%g]ﬁ-"&b}ﬂd)égl f%%%ﬁﬁpna fication

and uni f or m {pudibatclies 8xeREdReW 0ot SARARIJIchbESer PTSWAEHR Mf@pasgr anul at or
h ryi ?

and, when used with the | dielectric-based ng apparatus of the present
i nventiPon, hdyinganpaptespekids usesqli¢locttie snergy, wich betadio frequency RF), of a f 1 ui d
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convent i onal s tibtipieperties wWhas inkorporited L6l a phadnifechifal pracoheonal Iy
protrude out TS\rVOGnEZ tn?agf b%puesgd iennggml%ggtio%h»c\)ﬁ i'thrl:gdielectric energy-based drying
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
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end. It has one or nore powder and liquid feeding zones, with a custom
desi gned Headigdgrozone for simultaneous feeding of liquid pagupewdess. An
additional feature of TSWESC is a shaft retainer seal, which prevents the
forward notion of the screw shaft during operation. 5 The active
ingredient(s) and additives (i.e., exci %‘ents, bi nders, plasticizers,
etc.) are f eflefneﬁ@ atd Bt Hihe Ykh ehdat has(ohe ot Phdrd pb%_éxegmmd fleRined
using nmultiple loss-in-welght type feeders which Continuously nonitor the
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using multiple unps, conhi.ned wi.th ow neters .or | oss-in-wei ght type
feed tanks. al*}ﬁiePM'e‘éﬂa@b?‘éaﬁgea&érﬁ mgh’isé‘gﬁ?%@@ﬁﬁﬁe?gﬁ@b f eedi ng of
l'i qui ds and T;B}QV\Qﬁ§ﬁ1efB¥war@'ﬁﬂ)t%dFﬂﬁ@sdr@ﬁ§ﬁdﬂ)ﬂ'§ri@@é@aﬂdﬂx_@ Il ength of the
TSWEC. The TSWEC mi xes and granul ates the active ingredient(s) and

addi ti¥es usi ng &he egtivedngrediepi(Dcad a6ditivend.ct exeipipntobindses, screw el enent s
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granul at ed. (dhSmaltiRO ISR veRihe bR Feddts whichlconinuwub i rorifue (HSWEGht Whi ch
obvi ates the need for a separate wet mlling step. The active

i ngr edi ent ( s9f sohd ingradients dsingrfed;fand (3) hiquid ineredienss arpefed gping mylfipleaddi t i on,

t he arrangen@m ' t d t ' ' at the
feed point r mesgéoen@rg%cgg'g ?%4S$913§}dﬁ ?r%% o'rsrﬁlgée}qgr oéjﬁl\étﬁg] %%%gggﬁ%ﬁfﬁ?%he 20
TSWEClait i | i zfesd basielis @an b nvdifiedatblsiandlanédue fegdimpibBliquids anicbdwaleps, avi de nor e
uniformty in tenperature and better tenperature control at the

t enper at ur esme?s@dnoqediacaéwaﬁahoasFW?H&*E@%T%W%| ation exits the twin

screw processor tRotgiyNe0edithulAts He3l st hell A LhOMRRIS C e,

optionally passing through a scre I's 25 SCuss her bel ow.
The gr anul atusimg pawini sctess pacessvhdihe ltireadsouf thoiscrelw pesnangdare amahgadtby ont o

the belt of the dryi.ng uniit using a | ocad/|eveling.device. The dryin uni t
uses di el ect?l?ttm‘éﬁé‘?‘é_&‘,g ag t tBFaHFY:er@\?\é ‘%H@FW?M? Btr?cg?ﬁ\fér isture
fromghe gr aéuivatmg_edieﬂté@ 2ANBADHETSs bGRYEIRURKY. TRERAAhSEhedtehikIBS wet he

drying wunit is desSigned'to have proper air flow for npbisture renoval, and

the el ect r odedlliag witheaithell YWE @ mhiciolumites heacabfirgreparss wetanillingey may be
offset and til1 &g WiG0ingredient(s) and additives are fed directly into the TSWGC. In

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 contro! 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
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required, such that noisture is renoved while maintaining the granul ation
in the desired tenperature range. Once dried, the granulation is
transport @@ §ixotfre WO 01/ 89679 PCT/ US01/ 15597 -8 size of phendni/gdr

granul ation is reduced by an appropriate mll, such as a hammer mll, cone
mll, fitz mll, pin mll, or other apprgpriate screening device. The
conponents of the system for producing tHe granul ati on product may be

control |l ed by,aoMBRldled PGS rediBiLby Qx@hbﬁ%ﬁﬁﬁ@hﬁﬂ%&ﬁ%sh'ﬁaﬁﬁf‘ersyﬁ em
in 5 response to production conditions neasured at various
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materal produced IRavPREORE Sifie SirnduPrualt e profist Retan) e,
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adj ustments qf condi tions, re_specificall he i sture,content, of the
o anal at 1 on BESTUEr- dhf B S e G dR ard mebatfed B Ep T E M Ve rshec

or after itid@ndhb@y wisiehchieldrhait ofBRsiiat pRyducéShDiSihdgamt the tol erated
range (e.g., 0% 10% after drying), conditiaons can be appropriately
adj ust ed. 15PIsEssErgAESan RisieRy - dior examplesthe mnigfutsregntanhef Ba eranuasios and

honbgeneous M0l f.or LOF ' : an. . ln

addi T on. 1 he P S S A2 ke LA SR A B8,

comernoi al pfeedbadd ie providegiub aleemdividual cdmpenents whieh\aloivs dieadperator to

non- cont i nuous_ processes becauyse fewer scal e-lglpﬂstep,s are involved in the
c

system of t hEWakf adipfments ifopgitions Mok spegfiralSe Hermpisels Fontent ofthfur e 1,
this system g&mrak'ﬁﬁzr&iulﬁé%ﬁe HEWLRRA, FoMxRp A RrSEEEWShE PERIGAG,! N T he
Ite d’ll’ ctions for P 4.

sane or oppo the granulation stage To the TSWEC,
one or nore sféritisaliddoand if that dheasiremeentl is outside dfdbk tolorated adrgg (¢.g5l udi ng at

| east one phay utically active ingredient, .gt feed stages 7.1-7.3. The
active ingr egﬁ’gﬁ(ﬁ%’ ) eﬁgﬂ‘ﬂ%/%e‘f:?r\ﬁtf%ség%g%?@?ﬂ)gf‘a t‘”’gﬂu,swélrs]pl 25 possi bly ot her
addi tijges, are CO%h@Hﬂ?ﬁiiMoﬁafﬂﬁ%&&% raRi8tiSH isTRé8 hBRloBtseodl ah@ the

| ength of the TSWEC. Alternatively, and preferably in the production of a

hi gh dose pr goifiemm thap eonyaptiongheprodwees giprulptiah leadiidon, thextraastmel ey, f or
examl e, i & o 5iGbl sQbcrRblbed SR AThmRI A FoRBiosis qUARPHERS: 8ng Ne
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
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In the TSWSC 1, as shown in Figures 2, 3A, 3B, and 4, the solid 30
ingredients are fed through one or nore side or top powder feeders 2 and
liquid iQy@deepts are fed through a top or bottom feeder pdrnghiisagar the
upstreamend of the TSWSC 1. The liquid ingredients are injected into the
TSWEC 1 by a punp 3 WO (11/89679 PCT/U SII | / 15597 -9 relatively
honogeneous wet m xture as they travel a?'ong the length of the TSWEC 1.

More speci fi calilkiy RinShaubud Wetﬁhﬁc‘tﬁr@%\s/\%%yﬁﬁ@gl%ng’?‘th%ﬁ&ig@ﬁbf'@a'ér angenment  of

the twin screw el eéments used in the T of the present invention 5

conpri ses a WOWéGAJG.9 contai ning conveying el enents 6, mxing (granul ating)

el enments 8, and c i ng.elements 10 .which ie distributive and, when
desired, dispersi Sf@&ﬁf&%@ca ?‘h%sssi‘oé‘ﬁ_né_ ﬁ&‘ge%f‘gaﬁ@%aﬁaﬁ%agé‘ﬂ%‘&fgmg

granul ati on opitelwih@réveditincats Wedsd e GBWOT 1 of @blpadses: inhéntRase of further
processing in making the desired solid oral dosage form The TSWEC 1 of

-the présent Frempngas@housing@ waaung cotveyingcderaemy dantiing (gramidiigdnt s and

additives with v i n | K.densiti €: @, e

G anul at  on. SR SonbEeghbATT0 PR AIARIRICE | seq on
the di amet ededfed] diSpedsiveWiLng TEREsS elehhtseptaditea, hoinIgaWEusritul@ichCr ew
dianeter of 18 mmis referred to as an 18 mm TSWEC. The screw di aneter is

gener al | y 15Wiéttherquipddensifzatinn ihenhaperithe £35 offurthreraprpessging ivmakwgi vi dual
barrels (hoysi ng: i €. g i g ] zone, is
designed to be da%gl)rergup?oth:dpq?%l d@%gﬁ%@bﬁ%ﬁ)g}ﬁa@n‘g#gdr}{.théérﬁg%rglﬂw;?h%rﬂg’ rati o of

t he | @0gt h otapdbk: dfqQusdessing activeliagedieaw aid adeitiers vithbatyiee bulkllenditied0: 1 and
about 60:1. Nevertheless, this ratio. nay be altered to accommpdate any
speci fic reqlf PROAETR BhIROgeREOw AMIAYGThg 20 process. The length of the

i ndi vi dual el ementrge TwHe dﬁh@%ﬂ%&dﬁn&ﬁﬁ@d l%'c'h%raici%riz@&'bé%@'oﬁ%hé)f 15 mm The

pitch of the conveyi ng el enent I's generally between about 15 nm and

about 180 mmighermtsraif iy screwt diemeits & cpfexarhplepmEBW/@Caxith 4 barewrdépeterarfent s f or
L1 BT LTcbl 58 chanul Ll 08ESS: OGP G 18P0 T ST om Lhe
72 mmisThe phi&Res abduttiBenyia3iht AHSuCIBRUBNI THe RnBIEMiAdivRREA] bdirdifie present
(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.
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el enment, is the distance along the axis of the screw between two adjacent
even- or géddnmdedered flights of the conveying el enents. p@r/ked/iXkesl ng and
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gear elenents 8 to enhance the™ mxing process. In general, wet granul ation
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Tenperature within the TSWG e mai nt'ai ned by a heat exchange fl uid,
- circul &t ed i poerly st astiveriogredients, fdreohtvoldédmgle@sopurphgesTi@\askistlin the t hough

el ectric heatiing nay al so. be used. 10 |In e, emhodi nent, of..t he i nventi on,
os chown 1 n Dt BBt 800" Sy ShEL o S bR EPasE ARAce s used f or
m xing and cireppkmeurt itinfBYES WGU fbly bé mdntAit@by 4 heAMBXSRARY fHii@Met er

havi ng a housing | ength/screw dianeter ratio of 28:1. In each conbing

m xer 8, thefcuatedfn giackefmriopnding & hoansiggthofghpISGed . alihqughn each row
The vanes 19 _are. RL.OfL USI fr ring-like structure with gaps 15 in
bet ween eacheggﬁlg%g{.m#ﬁ%@ggsgsbe%g%@een adj acent rows of vanes are

alternating so tmabné &abediAkat GRS ihehie as shevii BvBigwies A 4mic3B,i t at e
m xing of the granulation, |n one enbodiment, the vanes are at a pitch
angl e of 120cP@hEeshopRersdapdd 0 arpdused for medingudcehpppig 18 R IRW GCh with

granul ati on S t ' . I . pitch
angl es can a%?éq%gmé§2§%g§g%%§%%%ﬁhgﬁggigr?gﬁggé g%g}p%cg%g%%egéﬁrgg%ul at ed.
The screw si p€28:1t hreahlsompingahisy 8 ahereanglhiesrosds afonhect9 withi8 gakaagbousi ng 9
and granul ati qn.may vary depending on the active . néhgdi ent (s) .and

exci pi ents BaiiRycdehrey The Sd?%FﬁJPYQPPE}H% BEHACHDEHES SHEETUR (UHY 83pF
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incorporated into th
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
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second conveying el enent sets, each having at | east one set of conveying
el enent wigd@kwedBS Well as a first mxing el enent positiongdriyRnibgtyeen
conveying elenents. Wth regard to the conveying el enments, at |east one
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of the first conveying elenent. That is,°30 the pitches of the conveying
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may have a dgaghlhtiodhaydiROd detsity d/aBbut HPOMIEBE Aokl the TSWEC of the
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-~ about 9.5 g/ nL orltapiepornt that theipipl pf eash supepedingeopyeyineg efemeaic succeedi ng
conveying ele i ferab ess or to th itch qf the

o ecen ng comubtttt fesp BB LOHRtG HBich Bk BBl cdrlehiE chiright M

densi fi cati ogfiragementprovides praguilalefsifiadtidauihitipreagitingenaslidlhailifieany ocess

to have a steadf( output rate, as described above. A preferred nethod of

i nt roduci ng tablingthequpegss {o baveiasteady gutnut eate. as desrribed aoaed prefer@dt hr ough

t he use of ' . Si f ] ' @qvb prent will

dictate thealg\glgl??{ggFdé%pﬁﬁklgﬁégg?ﬁ&%gg g%t;q{%gngﬂgz;i%g?f;%%@g y one of ordi nary

ski | I 10n t hetheoigh thdasecdfapg@neentiinahddé-sthfeshown in Figures 3A and 3B are

positioned-at the termpal end 12 of the TSWEBC | to elim nate |lunps in the
granul ation and t &he 3i5e ghthgegpipmepewilt digtatq ths aypilablepifghen fardise anis

Addi ti onal | yun&g@?%gﬁézﬂn}ggﬂgﬁ?lgs &xhanded so that the chopping el enent

10 at the termna wth the open end of the barrel or
extend further ouThgadwpphpmiementAi0ghpen3iBfiduwyesaiA andidB taropasitidnetiat 60 nm

preferably about 1 to t r assist. in .mgintaining the

Pormat on” or haeea éndda Rhtue P WG T % il aliutbs b e e dane  onal
guar dyglevi cemamehis MY frubiire 5f B gemubioaNAdSiBondl®y, ARSIhatt 1éAptNRaHtHRI ning the
path of the wet granulation for further processing and an optional

di schar ge mxﬁeqlg?dﬁ@ﬁha&@mhwn@gml@md@@t thederanipalicadil3inay sfledhothi n t he

exenpl ary T%pgh Qrtd gi} it 'Egg'el?’d% eﬁ@gd %\%‘thetr %ﬁt (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
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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 cowganiswemal tw n screw extruders, the TWSGC of thepEresenissyr
invention does not include a die at its outlet end. Rather, housing 19 is
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Figure 1) t ergo ing pr y 1 nduced ectric energy, such
as RF10r m cdexeiatcenédrying stagw (7chial Higyretlh o weterggdying mefeoablyrmdubel f ur t her

processed in a wet mll (stage 7 in Figure 1) before . being conveyed to
t he dryer. mdéﬁaﬁm %{ngg'msﬁ‘é}ﬁsﬁéf}“ﬁ‘écrﬂ PEFI5TEY P?Jlll%él_é%‘g%ts and
appar at us, S%%Pulﬁﬁorpﬁﬁg 8 furthdtiploddgstd iR Wé?fxﬁiﬁr(ﬁg%éj’%ﬁ'iﬂgigﬂré [ o t hout

the 15 appli ion of a vacuum  The drying stage may conprise, as
i1l ustrated beinFegueged & thadn@r. TheREanyatier may plsg bediied by othea prsessas

alternating el ectri ield between the.two el egtr.odes . 24. .For RF sources,
based on int@"r‘ﬁad)tpla@%'éﬁ’ S‘r%ms(ﬂaﬂ@@sﬁ?‘figﬂeﬁv %6?@?&651%9@{% VBT AUt g dar ds,
t he frequencigdichis&ifod Pacdiml2 Mz and 40.56 MHz. The 20 frequencies used

for mcrowave dryers are 915 Mz and 2450 M{iz for |ow frequency, and
several gi gahert zThadwirgstage T mayrromsrisgeasalluststedindhgyreee aeheya RF

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
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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 f @0 ilddg79dryi ng belt and conveyed 25 (stage 7.9 ifpcHigufgsdy) into
an on-line mll, such as a cone mll, via another device/conveying
mechani sm for mII|ng (stage 7.10 in Fi gure 1) the granulation into the
sizes typically used in pharmaceuti cal sage forns. Depending on the
reactivity ofedpagn m@ae&toa%@b@ fpbétt,onwmomn@@lde@sﬁhe@gsaraﬁgboomen or
other inert gas atnosphere. ter exiting the dry 11, th | ed
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RF WO 111/ 89&:@855’63@& rhil1388 Qaterial 3n RS WGRTE BNREAARE FeadREd BAoROFhé | oned
on opposite sides of the apparatus 20. The nmaterial to be drled enters the
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28, d
ar anul ateq. niveqtdht 8L A pusk g L TS BEL OB oo BEELRIHOEYE! ¢
| evel er devi GEaﬁdarHyBaEelbaéarﬁﬁg gfealﬁmﬁﬁﬁeﬂ material that travels along the

belt 28 through the drying zone at a redeterm ned speed. The belt 28 can
be conti nuously ASéla%%r&nw&n pripss the B%FH‘PHQ M&W@@ﬁp@l@msl@ CORining

granul at! on SR idoifer M nafbrifl o' firfintt Q‘%%?Q@%‘S% gagnﬁaﬂ%?tewag the

el ectrodes 2 ria ternating
el ect noc 10ﬁéideirehtm epthectldeyrotite? vhichrhedis sSh&vhatahinlc mﬂmtoaaltxheernat erial.

An optional inner tunnel 46 e inserted to furt i.sol ate t he product
wi t hout i npeBinAg! ‘téfé‘ QSPF%é "gﬁhﬁﬁ‘lsﬂﬁteéﬁ%l"wucw “rtcb‘E}B ‘25’4 thg ong with
ground el ect aggﬁ&gn%tm%@g Eféc%@&%l&&? édddcelédn%HQ?S Theusghect rodes

24 are arrange n a specif manner control | ed heating of
the granul at kcoprobedt. thE)el‘et‘erceﬁftld dlecisatmdes mmaggﬂ:@maﬁpsmﬁumtmmsr paral | el
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dryingsparti Gbﬂf?guré'fﬂingrshéﬂaﬁs al1R] Ffa‘t&éab@ﬂo»@ﬁifﬁﬁ@uﬂ%)cﬁﬁége@éﬁ rode&ti ent ati on
of wat er nol ecul es under the i nfluence of the alternating el ectric field

bet ween t he Blagderseddhenuahgsakelegteodes 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



L 4

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 ®lgowmet a co-current (same direction) or countepctuks@izkyr
(opposite direction) direction as the gr anul ation product is conveyed on
the belt. This process air flowis cause% conveyi ng heated 34 and
cool ed 36 streans of conditioned air ool ing 25 system 38, with
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exci pi ents be&H H‘gt granul at ed, tenperatures above 105C nmay al so be used
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frequency of° %ﬁf’ 3’(‘%8&“?‘?’18“’8&&8@ @ﬁ%ﬁl cgs an ti} %%loéf)pl i ed
across the ebesbfﬁﬁeﬁateﬁmemgrmw ﬁﬂ§re% esEﬁk@ tIHEBERE indth »blﬁbl@ﬂle%ét@ﬁ'al and the
dielectric loss factor of the material being dried (this represents the
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the rate of heat transfer conpared to that of canventional heating/drying
increases the rate of heat 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 variattons 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.
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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.
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3. Coronary vasodi | ators, such as nifedi pi ne, 1sosorbide dinitrate,
diltiazem hydr ochamm@ﬁhruhxsimlﬂ@rm angayshne bY‘b‘é oilsiser at e, verapanil,

ni car di pi neni fedl erl 39 4. Peripheral
vasodi | at or s, suc sﬁﬁ]%glecﬁgﬁ%t tr}ea% ine %linde mal eat e, 5
cycl andel at e6. and Spﬁme@e(mﬂhmcmm agéntsAmhas ﬂﬁlidislc a8id¢ BncaaciaNgih6kdcir, n,

anoxicillin, cefalexin, clarithrqomcin tablets,. cefuroxinme axetil] tabl ets,
cefropzil, erythr&i¥ép PHacHR F%‘Pietsslﬁ’@@i\%\{lé’orﬂ%’s?&&hﬁlRfPﬂ‘P‘iaﬁIWdf‘?fé‘Fﬂr&er de,

m nocycl i ne hydr O%ﬁ@ég dnﬁé?hoxaﬁ&e%ﬁ{%ﬁ?@hﬁ agt etracycline, and

eryt hromyci n. etic antimecr ents, such as nalidixic acid,
enoxacin, ci ﬁoxaanmtlspdsawdid ageatsi suchab Ipedpantlefihe keomide, anopidecuHaten,

ci profl oxaci n hydrochl orjde, and sul fanmethoxazol e-trinmethoprim 7.

Ant i spasnodi ¢ agefAtS 3998 g propant hel i ne broni de, atropine sulfate,

15 8. Antitussive 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.
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pi ndol ol , propr anglegiletikdiydeddndridée, nmetoprolol tartrate, |abetal ol
hydrochlorlde oxprenol ol hydrochl oride, acebutolol hydrochloride,

met oprol ol sd@ci nANEZOW Hzerts wich H?éﬂmlln@lr iPERbenedipy aotadiicine, WW@MChI ori de,
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hydr ochl ori de, di sopyram dgui n pr opaf enone hydrochl ori de,

and mexil etife hysiosdpulunts)euchls. udkrmahgeuydx@gmbhae di¢ttimaasl, and opuri nol ,
probeneci d, colchicine, warfarin sodiumtablets USP, and sul fi npyrazone.
10 17. Anti coagul BRHaNNPQRESIYE. t i c| opi di ne hydrochl oride, di counarol, and

warfarin pot ggsi URntiepileptics, 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 B17_vitamin Bg_ vitamin C, and folic acid.

27. Therapeutic agents for pollakiuria, such as flavoxate hydrochloride,

oxybutynin hydrochloride, and terodiline hydrochloride.
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inhibitors, such @lﬂoﬁﬂzﬁld%ﬂé,i él?ﬁ@a%?ﬁ&g?gfé@%]s?g%dsq%blwgﬂsﬁ osinopril sodium

tabl ets, alacepril, lisinopri qul na rochloride t’'ablets, rampril,
and ddDapril| hydr owhikostérdals, dti@zep@d;(Jl'rcumr:pcdsdigftma‘n;<i1igexi'nn(“lihtj:(liitc;ﬁy;lsrlsT such as
acet ohexam de, ajanmaling, .5 al.endr te sodi.um ani odi pi esyl at e,

anyl obar bi t one, aP%&BﬁYIHne’é@F‘@? efUBe Y LS At B@ﬁ%fgﬁﬁlﬁﬁiﬁone,
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estrogens tabl et Sh)lleSrcF))COrtisone, 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:

hvdroxypropvlmethvlcellulose phthalate. hvdroxypropvimethvlcellulose acetate
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par acet anol , _phe-nyl but.azone, 20 .phenobarbitone vaskin. sodi um
pr edni sol one?IgB‘r"&@%# glgﬁlheaf:rypljar%? ﬁ%pcﬂ% nelFrn]g’rpeosl% vbr}yrllg?etfa§ glﬁgl i olrrllg)?certag?fgl i zone,

sal i cyl i c acpslyvimglpyelotiione, ¥ihnprklaloss, m@Bidryiad ¢opolyhyd RE; pobivirtle,
si nvastatin, spironol actone, sulphabenzam de, sul phadi anadi ne,

sul phafret hox§apkelj kigh moleqyias vesightipelyethydenegglysals mpesdeqlivdoss) e,

sul phanet hi zgl . X ' SulBphi | e,

sumat 1 pt an- SEerbBNBTRICR BERLE oo SRR RE Buffor e aRiRZe

tr ihf | uoper aZQ:;('ﬂEurln]C aﬁm,ﬁmpnlam_ Avabigmﬁmm_ﬁfﬁwdhﬁﬁ algirfand, @'mtgm( lrteagiydoat e, Ftlnd
ot her water insoluble actjve jngredients. e excipients. (po rs, sma

nol ecul es, aﬂ&"@%&&?@%@éraigﬁwlgaﬁ%hr E@ﬁ??é‘%ﬂﬁ@)chvﬂ’%oé&wsdég{{g@d in the
resent invept.j r ' hat can b
p |V eAR) SRR cBARME Hedfim oty BIALARLE (ENRSY ERGRL n be

used as a raw mat € In tHe mandfacture o r maceut ucts.
Exanpli@és of polypyyreopdenenglyed €Plurdnicl orepmezolsu RO 300) 404, 600,09080phi00al at e,

hydr oxypr opy thyl c ul, acetate WD 411/89679 0l _/ 597 -20
succi nat e, CL%%%?’{)\(&H%B@@)&‘%?}}@%? fg'é'éfj’-‘stﬁ“(‘igés Egg‘&%ei) Eﬁ’t# bate,
Eudragit  acpgl 400 RPPYORI0D, triaBIAGHY thdh A QRAtY g’iroﬂ&) TRBRCI0/ l6bC
copol yner S, am noal kyl methacryl ate copol ymer E, poly(vinyl acetal)

di et hyl am noak8GtSpan 2005 nani40y Phweniod, ipdlyoayetbylape sabitellestees, met hacrylic
copol yner

Ul T EAE R MY
hydr 0xgpr opytherdofydatchith e @Rate CHbRRX YATEIubY bR bhdit @H§drai) dhldifim S\dfd:d,i N,
A, Coarystalli sl tilost, Iaciosc. Maghodum carbomats, TyaAgHESIIS CRIee,
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 i) @meeA0 pol yoxypropyl ene gl ycol (Pluronic), nmacpog@ker/ {200, 300,
400, 600, 1000, 1500, 1540,4000, 6000, 20000), polyethylene glycols, such
as PEG 200, PEG 300, PEG 400, and PEG ggo, triacetin, and triethyl citrate
(Ctroflex), Tweens 20, 60, and 80, Span 20, Span 40, Pluronics,

pol yoxyet hyl ¢8¢y@or & delvnSa Fefiie 2. mgﬂggrﬂh@%&nupﬂoxg%y&fcMW% aci ds,

pol yoxyet hyl ene al cohols and m xtures 15 thereof, cal cium carbonate,

di basi ¢ cal clTONW PG owsidatcd in i Wydngateparatas/vinnal wing dickectricranergyer yst al | i ne

cellul ose, | actase,, naghesi um car bonat e,, nagnes um Qxi mal t odextrim
NN ol suBrGOERIORP A BN GRS Sp R metes deind & (W BeRrRHG,
sodi um st ar ¢ roduy&Pinat:@mpdé €9k Atitdby ot @itohal HAbI P MMRhedkEples aci d,
ascorbic acid, citric acid, cyclodextrin, dextrates, colloidal silicon

- di oxi d&, 20 belarupebmpvawWet reweption, druag.edanidingywereeaplpatetthy exci pi ent s

i dé, 20 ! o a aplsat
more types. of SRR R ant ey conlo G RSN ich e GRRRRH RIGEACT, O

t enper at ur e, tHegrebehtin@emtfonyaeetfically, BemtolhnGNSWERE Eaaiptss Pindvat er  and

ot her excipients used in the praoduction process of the present invention
are 25 depentBistratgih predugtion offa hagh floss nradyct doant loyndensitispitent s, anong

ot her conditj : t ' i, Qp: rakd rs of the
yst em must b ent AR QPR by AP ARE Gl B AFRATEERE, 1 b
mai nt d0ned alimitethp scapewif dee fresenninvehigorr. deconposi ti on 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 owEXAQMPLRIDUS wet granul ation, drying,
and mlling _were eval uated by producing a tablet containing an

i nvesti gat i oREPdustiey qr"\éﬁmsﬂggémlﬁ@%msl pbletso7 -21- TSWEC, as shown in

Figure 2. 1n Exanpl lﬁﬁ%lerfdk&aﬂri rgéjltigz?tioﬂgl m@%&%QciB%n{s%as.%% WS dried in

a drying apparatus/tunnel using ectric-energy, Sspeci radi o
frequency ensrxiyg flesweigbethingredkangn, ires 16 qaNebléndef 1 Tie: lgemhof dityiingredipnwduced

[0 Eqmple Les fehed DA Sonventl shal I hodlcn L1 Lhg Cxples 5 below
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 il\Wwsérdt® the production of a high dose product frpayashQwusgensity
active ingredient. The exanples are neant by way of illustration only and
do not serve to 10 limt the scope of tt;;lg present invention. EXAVPLE 1
Production of Investigational 300-ng Tabtfet A pre-blend of an

i nvest i gat i 0pgh5tk B8 X RXFIEBH EflaSHri@SpRIEHAGION. cIFpefiort ﬁY@cgghed
ingredients, in a 16 gt V-blender. The BI end of "dry ingredients 15 was fed
from a | oss- shmwaeingFebles bl wab gemedeed bynconprossingSNESBlandnivegairegewift h a si de
stuffer nechanis The feeder was adjusted to yield a feed rate of 11.4

kg/ hour . Ana%ﬁggﬁ@f’%ol ution containing a surfactant was used as a

granul ating flui draggksuithbesitydital REghd HEthE NS HRI0A drup fStANaiiRreat a
rate of 8.64 kg/hour. Atotal of 6.8 liters of the flurd were used for

-t hi s pPoduct alsqThetlinedrpetzhled e(1gfthe foemTigU@ECe 20 bikedsgoral somnairessibiliy 26C, and

the screw speed . was.177..rpm.at maxi.num t or que . .of. 19% Th nul ati on
was pr epar edt By ERRioPSliE G EhleLer gt Ceting iR G mgites A Mol at i on
was dried i ndigsdlti@on @REE redltsx@6t SHofvndn Mavles] )findmated cém't@te%&akee&el of
13.6%to a noisture level of 1.0% 25 The dried granulation was mlled in a
hamrer ni | |, Inypgigakendl daeg withiand) sinutesfeamyell individpaldplletsd by ni xi ng t he
mlled granul ate product with the listed external excipients in a

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

granul ati on product aleblel dnuestightvenal Drag haklels—aPhydcal diestinghen, | ubri cant
was added to theresutting-productandbtepded —5—1 es at 20
rpm 30 Tabl et iy N 7 Si SO &4 The fi nal
bl end was conpres§l@¥kgsi ng st andkPa) concavieniovta$) t ool i ngn =t28)i ng t he

di mensi ons WO 01/89679 PCT/ USOL/ 558 - 22- Qu64% x Origr25]( ¥iRu@465". at a

press speed of ) was
gener ated by corrpr5 the bl EnldE8ver a range of appli dB& orces. The
results of physical;4sting on wgiid}gesti gatj'.gnal drug fq)r_j‘gJI 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+1.4 53 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
within 6 wigwig®siv and (2) the dissolution testing resultsptiRkosSi@yn in
Tabl e 1) indicated conplete release of investigational drug within 20

m nutes fromall individual tablets. Ta ]I}e 1. Investigational Drug

Tabl et s- Physi cal Testing Conpression Férce Hardness Disintegration
Friability (s proliNtkdie fekPRantToR#iEBIWAL: Fag Paidthinzd 40d6°Curnd (B3 Ti me = 10
M nutes 5.16/ 5p26. 39.1 0.52.00.88 7.17/731.3 14.20.8 3.0 0.35
8.07/823. 1 1&r8w sPecd v2as200.rg at Q. riAifvhim ordi. if 35%. Ihé.graruldtbbn vids. 77/ 1200. 5

24.2 1.45.30.1 10 Production o vesti gati onal 600-ng
Tabl et (Hi gh%fﬁpgﬁgéﬁwwgﬂ R OéHQPn{PeLg Qts- SRGIETYMRSONat a
hi gher strengbbatied d dryide @Rl Gisihg radld fRYGLRY QAL Sy Wsn Brn?({ﬁé‘th%jlepé/l ofi Xi ng

the weighed ingredients for 20 mnutes at 25" rpmiTn a 42 liter bin

- bl endeb. The2pB%dera rhdistuk leas! dfless tham2.0%d e granutasion veas T8MEGWacor di ng t o

the present invepnti.gn side.stuffer 15 feed neghanism (as sho in

H qupes: o 4y RS B herriautiol te s s TEOR BT MRG0 1 1 er ent
si zed conveyihR®eRlspERINS 0186 Retaffute The dry ingredients were fed froma

| oss-in-weight solid feeder configured wth a side stuffer nechanism

connected to a hophedriebgranulaiionwehamibed ind hamgerailbandsthe Anakblendof
agitator was_used to mx t contents the h er. The 20 feed rate of
the powder 1228 et Ao BERRE il S LB Bffoue 88 Slorning &
surfagpant vesipiesd ii8s vablendi Ul fings khd dRimedantni@e beded Btthe flifedl SWEC
using a W 111/896 79 PCT/USII | / 1 SS97 -23- this ﬁroduct. The

t enper at ur e SRntipdorrAdactaad bieided ApmkbminuteseE 28 mam: fken, derivantsyieed was 200
(P28 TR DS s 10 SO iSRRI, {10 TSN
tunnel using radi Dablesugrencyeréoraiedusingasiastatio:s tabled ptedy.elhedinal 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 = 3) Time = 10 Minutes
4.66/475.5 85+09 4.2 2.76
6.03/614.7 12.0+£0.9 5.5 1.38
6.58/671.0 13.7+1.1 53 0.82
8.54/870.8 189112 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 deepw@neivhe belt speed was 0.26 feet/m nute. The dpieRlis@naRe ation
was mlled in a hamrer mll and the final blend of product was prepared by
mxing the mlled granulate product andj%t ernal 10 excipients in a

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

granul ation product and bl ended for ganpiYyt s at 20 rpm Then, |ubricant
was added to the resulting product and bl ended for another 5 m nutes at 20
rpm Tabl et i RpoduetiopefiNpifinayindesylade Simnglagionomd HigheDogprEaldet The fi nal

bl end was cgrrpreﬁseﬂ al ng standard concave oval tooling, having the

sdi mensions 1 5: 55" x 0.07", at a press speed of 30 rpm A

conpr essi on profi Eﬁepﬁﬁbleﬁ@ﬂ@hﬁh%ﬁe@ﬁoﬁmb@ﬁ@mﬁ@i nRewhh-ed] Bl¥gdera range of
applied forces. The results of physical testing on the high strength

.i nvest Pgat i okath pRItign of Belinavir mepylaieang galciure silicate Peds| blengled fa) the

formui ation exifiute dnd0RAsin ATREPRRAIR Wby nallefioN Bl bh the
i SR : By e

tabl et cores d|S|n egrating I'n seven mnu es;

di ssol uti on bleadsd Wgrel‘tﬁémdh%&lalrgﬂﬂil indibee damy leried wieh ﬁ@l?@th?fendba@ within 20
m nutes fromtablets conpressed over the entire hardness range. Table 2.

Hi gh StrengtB. | nvesih-Gatcvonal GRiidhtioabl et s- Physi cal Testing Conpressi on
For ce Hardness Di sintegration Fl‘labl|ltfy (%9 (n =20) (kNkg) (kp) (n =
10) (min) (n = 3) Tie faev density prevhlead was febimia thegwin screw v@tgr@umo?ra

6. 03/ §A4. 38 58/ L 3.0.8 870.8 18.9
NS A 39&"8‘933‘} 3 Tyt 28yich, S BBt wplyinong sgeBf opdet B 1) Tszo
- 24 EXAVPLE graRulatbeatitiap vk 3I5|elr15mnzma the MeisVWhaffe samgwba@,tﬂoompranwlhérh@h Dose
Tablet A. Pre-Blend The pre-blending unit operation was perforned in a

twi n-shel | bPerlerd WaneEa?éﬁ 07833 berhoyr. hiquid wagineqied{rpa 16 18R ebd ci um
silicate msn@ﬂtﬁ&%tlfng of 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.



. obtai ned, a

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. Wi nsde¢fvew Wet G anul ati on The | ow density pre-bl pafwasisked i nto
the twin screw wet granulator 10 (nodified 34 mmLeistritz), via the
side-stuffer unit into the second barrel. The granul ator setting was 350
rpom and the side-stuffer setting was 287 rpom The dry pre-blend was fed
at 3.0 to 3.2 kg/hour. Liquid was inj@ﬁ}z\ﬁgsfrom 16 to 25 nlL/ mnute.
Venting of displaced gas occurred in the tirst barrel. Liquid was injected
into both the second barrel and the third barrel. The el enments were
arranged to _ .i.n pitch, thus volune capacity, as the material was
further proc&élgg%%?ﬁjr%g&%h the granul ati ng system An output of high
density wet granulation from 3.9 to 4.2 kg/ hour was observed. The

ranul ati on s ther i in.a fluidze Usi n he .aranul ati,on

] Fon ottt BER sl PLhdhe R srbgf LR RRARatE)
utilizing equi pnegtanalatoh,eohpiriglsgs wel | -known in the art. 20 Wiile this

i nvention has been _described with respect to specific enbodinents thereof,
it is Aot |inited@nepavdsr apd liguid fagders gameyide atleps one phugaceyically i on
enconpasses a twin scgcﬁweg‘{dgg%g&ta%-aggﬁggser and/ or radi o frequency or

m crowave dryer used to prdduce a pharmacéutical granulation, and a single
pass, conti nuous(lyysd evinfsorewpwerditanuigosuiedpppr delticd Hr ignoaiaing aid avgive he

ranul ator 25 chopper, the dryer, or both. anpl.es are praovided that

igl lustrate the producfREGHRIHE an aqﬁlﬁwsdﬁ@évﬁﬁ‘ﬁ%ﬂ&el?q &nqlgﬂ}“ééc?&qef%/ active
ingredient. Nor ist i i { A5 | es shown.
Rat her, various nodi P@Eﬁ%ﬁ%ﬁ n‘gbﬁﬁlgmoﬁg@glaidﬁﬁgﬂg&wg#% of the invention
and i 18 vari ous enmbodéhwpptrsinglsdugsidroubiad sarrdunding sgidl dévieg swmidthoosing departi ng

fromthe true spirit and scope of the invention. The 30 clainms which follow
shoul d be construed a@ﬁ@'fimgr‘?g'?(ﬁ?.exw}ﬂ?W‘%@%%Rﬁeﬁ‘;‘]ﬁfﬁtéefi‘i’/ 15597 -25
CLAIMS  What is c{®i r@ﬂvaﬁh%,]load'}\ng,'eﬁiﬂ'l&/eﬂlﬁg%e@ﬁﬁfdr!w%i @EOREI Ng system

for produci ng pharnaceutical granulation, conprising: 5 af powder and
liquid feeders to prosreodatien fremghe ovidet o a3idhmuscreya ey granu

chopper, loading the wet granulation on a dryer belt, and leveling the

ator-

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 powdetwwa@andokioqui d feeders into a wet granul ati on prodpet/ysai/ ks n
screw wet granul ator 10 chopper including a housing surrounding said

devi ce, said housing including a nonextruding opening at the outl et

t hereof; (c) conveying, |oading, and Ie@@ting means for conveying the wet

granul ation grom tie ot h el (HinSRlBefell @gﬁﬁxﬁ%&ﬁﬁwe@%ﬁ?ma%%bﬁé}%fer’

| oadi ng the wet granulation on a dryer I ev ng the

granul ati on to theospssasednbdiagist fof dhompink the pgarmbpendhesiifaeter ecei vi ng t he
wet granulation fromthe dryer belt and drying the wet granul ation using
«dielectric energy? %Sconveying means for transporting the dried
granulation fromthe drying tunnel for size reduction; 20 (f) a mll for
reducing the dried granulatign to particles of a desired size; and (Q)
.control mean# for q@sm%mqfﬁgmm bg(%ggem,g)pipatgh§§fé}pe eanvepgg elemmatoiret he

powder sand i qui drécﬁl%ei@ﬁ,l%gégpgﬁlgv%g@é RfeltPdr e egwegfn@raéiﬂaﬁpeh the

conveyi ng, |oading, and ying apparatus, the 25
conveying neans, and the m Il to optimze production of pharmaceuti cal

granul ation. 2. T . I . IR Js .fed through a
si de-stuffer > uni ![‘Iﬂ © gﬁﬁérﬁ%@?@u?wg (?éﬁtI Sofegq?%ﬁ?gé‘i‘%? aetéﬁ%?ar?eor

addi tion into thepbsition wherecwlasst a poréiot lodtherquibiRpgkcte\ht0 MSRETR.
PCT/USII1/15597 -26 3. The systemof Caiml wherein the twin screw wet
granul at or-chopper conprises a nechanismfor chopping the granulation into

di screte pabticl @he systert o€ C33i81 EwhefeifdhaicBhtrolWhems intlidee nmdahs hgs of the
conveying elenents are. 5 reducquprogressively along the length of the
conveyi ng el enent Monitorrpg ceditiein A fthagysiem andgasirellingsorrss veatiesdfiatt o t he

devi cgpat the sang., 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.

o. 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 Caiml| wherein the control neans includes neans
for monitag nigeedndi tions of the systemand controlling prpeessevaseabl es
of at 10 |east one of the powder and liquid feeders, the twin screw wet
granul at or- chopper, the conveyi ng, Ioaging, and | evel i ng neans, the drying
apparatus, the conveying neans, and thé’mlil. 7. The systemof Claimé6
wherein the i st ; j ' oy -1 ine and
the Iiquid ¢ P dor H{fn%g{r?{dﬁg{?ggm%%%ggﬁﬁﬁglﬁ Rﬁnoﬁlag?“ﬁ‘r%gl%%‘g&@g"r@nt. 8. The
system of C ai m 6makeget leastloae phamorceutioallgfacdvesingredient sthaikciphmtact i ve

ingredient is nonjtqred on-line d at | east one of the powder and liquid
feeders, the twi nb’é‘gPrém?Qﬁglfq%ﬁﬁlsatﬁggﬁ?BrWeéﬁBbB’é?’,cg?%n%%qg‘ﬁ AU ng,

and | evel i ng nmeang wet bRindlaMbAhndRPANA A wdt Bear@eaYihB SmpRARRen@nd the 20
mll is controlled to adjust the unitormty of distribution. 9. The system

-of ClaPm | whereipompmsingi n screw wet granul ator-chopper conprises two or

nore screws having i nterengagi. hr e adapted to rotate.in the sane or
opposite di rect i ons anbrapandid et PEdilef GEPME stk Sifuiduci ti ves: 55
10. The syst em of cKdppeibil fdeliiniza@ leastaifRiphaigeafié Ay adtiePingddierithe step of
mlling the wet granulation into particles of a desired size. WO 11 |

/89679 PCT/ U S| exqipientsplgpders,zpd figuidsio saigwraniptoioshopped at greseleeisdr essi bl e
phar maceutical gr -at . | n tcal Iy active
Pnar edi ent  w t h-closr i fhe g fafgtl 8Bt frtA3he BRE eBNAISHRR SRty o
choppilog sai d wet withshitlex€rukiohOat oe '8Rd ofsaad plaatilaest-chapperdind digingahid wet
granul ation, the inprovenent 5 conprising: formng said wet granulation in
a twin screw wet &RBRBHERor- 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 the | ength thereof
removi ng sai ¥-gr akhe Bethod of §AeiohLbudpsein the sgictvsdave psegrassively rediicedne end of
sai d granul at or-cgﬂa]régr, 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 g @napHvated by the 15 rotation of twin screws opcsaish/issy7
granul at or - chopper, said screws having interengaging threads adapted to
rotate in the sane or opposite directi ongﬁ and granul ate said m xture. 14.
The nmethod of Cl aim 13 wherein said wet2fi xture is granul at ed by
Lhread-free f9nesTal ntfld SIS 16 Mo hidbanulAbads didd Wiy fighopped to
20 formdiscrete granulation particles. 15. "The nmethod of Caim 14 wherein
t he thread-free ztmesncp(RF), $ev fteqherymicoveavepmsph fiequenchenigroomye

consi sting of kneadi ng.di scs, conbing m xer.s ear mxers, pj.n m.xers, and
.cal ender gap mxeF%?rg>%8!a$W“¥?P€F%‘&F’F%? %Rgﬁ@&ig@é PYBS &8 et Wih
pharmaceutical grgpskatively dR¥redSinfimdifbreoRRAL TPSEd Elatalatiyn agédiye conpound
W th excipients, binders, "and liquids to forma wet m xture which is then
-granul ated and dr gedulatine movepalovgseddroogpppasatig dryi ng sai d granul ation
using dielectric energy in a single pass, continuous node. WO II 1 /89679
PCT/USII | / 15597 -28 17. The nethod of C aim 16 wherein said granul ation
is dried usihg radhemethogpféiiayn { RAhercimsaid gegubtion indgedbase, or hi gh

frequency nicrowave ener i.n dryin aratu j.d dryi ng appar at us
hav?ng aygradi ent A\GrPF{INg eg%/%‘ij? QE@W@?‘&F%@Q%&&FW@“M%&G@YCO% eﬁlto in said

granul ation as said 5 granul ation noves al ong said drying apparatus. 18.

The method of Claim 17 wherein said granulation ig dried by.an alternating
electric fiel® pr Ot aPRHFBY far %@H@r%‘?}@mfﬁ?e“ﬁﬁd&g{@?‘a?@on “i‘gr.‘p‘%?hngappar atus for

drying a pharmaceuti Cah_cgﬁ@é}?ﬂ@él%r %@Mﬁé&ﬁﬂfrmﬁp&ﬂfﬁg%{é BAnt8lidn {PT
receiving and transporting the granulation to 10 be dried; a drying tunnel

for rdfeiving thebgddedil ati on, said tunnel containing a source of
dielectric energy and electl 0dee) {oe RLAIE ol &8 RlntPeontaining
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 thedmumdel, the flow control nechani smrenovi ng noi ptyfi€or/fssem t he
tunnel ; and control neans for controlling the energy and air flowin the
tunnel . 20. The apparatus of Claim 19 wherein the dielectric energy is
radi o frequency 20 energy. 21. The apparatus of Caim 19 wherein the

dielectric energy is | aWofisiRgUSREMingfeed SRt HLBIRR @M MyRlRWBN@IFNEAIY - 22
The apparatus of Claim 19 wherein the direction of the flow of heated and

cool ed air in thelaasirmmglaciive wgrasientend additivesunt er current with the
direction 25 of the graqlulcati o\g.tbeitﬁgﬁg trargjsaorted n_the réli ng belt. 23.
A twin screw wet granult‘glt of Ee(‘:}Y‘iSoplplélf1 ol?ouﬁf‘r}fn 1eatctcfeﬁNgS &S %aﬁl&gedi ent
and addi tives conpirédisngaptiiclibiaté BPGEaREHE bRtk dired®@H97 -29- a housing
containing feed points for solids and |iquids containing at |east one
-activedingredi ent and adeftei fpssotating thedwiesgsews tonpix thpeolidsumiddigiuidshe screws
havi ng i nt er engagi .adapted to rotate in the sane or opposite
di rections; a n%r{?&gg%%{u@a?}% ating the twin screws to nmx the solids and
liquids into a granul ahbpér emifopdBohapihgfthe ginslatian;gindg t he granul ati on;
and neans for chopping the grapulatiqgn intog di s_crecﬁie particles. 24. The
twin screw wet granul afrt?fm%%éﬁg@?p%gﬁ’@gﬁ?lﬁ%@@mﬂﬁ eretedapidles ng 10 one or
both of reverse threads and thread-free zones for granulating the solids
and liquids. 25. The twin screw wet granul ator-chopper of Caim23 further
conprising a4 | edbe hwcwe?mwmombomeﬁc&mﬁs@rthgr MK ng
di scsypconbing ' ' 1 Xer . m xers,
For gilnul ating | Tee P E8FfeyBikthtpatlid {RoAB R BRE EFLANIRNNERR

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;

o
(%]

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 screwomtsygryanul at or- chopper. 27. A continuous procespefgseyssem for
produci ng a hi gh dose pharmaceutical 20 granulation conprising: a twn
screw wet granul ator-chopper; a powder feeder adapted to feed a powder to
said twn screw wet granul ator-chopper‘,3 Sai d powder conprising a

phar maceut i cal |y acti Venetdhgadhb8ier #8 Aid lidiid AbiviHidhehendakindanyed to
B

feed a liquid to said twn screw wet granul at or-chopp wherein said
powder feeder andwshgmnblatprichioprredem saié irdetplasdutlet ofsaiddwinkareworagw wet

gr anul at or - chopper an%(’ji adapted to feed said powder and said liquid at an
inlet of said tw A8 &ﬁ'ﬂ%@?pedranul ator-chopper; and, \% O 111/896 79 PCT/ U

Sl- 1 / 15597 -30 wheggHmwhipdcew? W efanaRtbrAbspdricatipisihkow t hrough sai d
twin screw wet granul ator-chopper fromsaid inlet to an outlet of said

-twin sérew wet granul & or - eHopprenyeydng demsnhhayengat lewst org eonyexingr - chopper
conprising: 5 a) a first coré}ée%i pﬁit&l_enent havi ng at | east one conveyi ng
el ement pitch; b) a second cohvgy ng’el ement having at | east one conveying

el ement pitch and posi b)Onedsé@bn@%hﬁ@ﬁin@élbﬁlenﬂﬁh%ﬁ&%&si6ﬁé<!:dhv@ﬁh§Ve
ingredient after said first conveying 10 el enent, erein said second

conveying el enent has at | elegenppischyandgesitioned tchepntaet sdidast one pitch of

said first conveying elenmenj. ¢ &b . m i ng. nt. pesjtioned in

between said first and sai ghseca)cc)% wgo%\%étf/‘l{enlag%géeﬁé% %‘;Staﬁ‘sf?faﬂ Coé}ve?”él%st one
choppilfig el enent posi ti oned elemengritedin Saiddecqrdaionvegng elealehyhact i ve

i ngredient after said second ) ) )

least 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.



-

further conprisi ngragul%gg-cg@%q&tpipaﬂpan

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 nuoug Pl aeessi ng system of C aim 27 further conpri si ngermushnisssh
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 conveying'éﬂenent and before said chopping

el ement | wheggin g LoARA0BRELAR SliAALLCHINY SReeANMRYdiee! ement s

| ess than at [east one pitc sal-d“second conveyi ng and a
second m xi ng el efiedér pasiatd Drselquid fixeenaerboglacahpdeictorsdidamiin seew dvett hi r d
conveying el enents. 2 The conti nuaqus &rbgcesséﬁ% S%’/LSt em of C ai.m 27,

Hretld ' 64D EIRESI BRSOl / 15597
-31 30. The conti BYQUSHHANASEIHNGngySt em of Cai m 27, wherein said powder
feeder and said first liquid feeder are both coupled to said twn screw wet

- granul ator-chopper at a position where said first conveying elenent is

posi 1 gned [y sal $neushibus frodlssinfG<RAN CUANSPEAGERSANG AR AT O &l m

30, wherein said seco r 1s coupled to said twi n screw wet
gr anul at or - choppefeedér ia cposed icosaid trahweew wetegremdaliod-choppst atcoposétyinng

el ement and said first mxing.elLenment are positioned dn said housing. 32.
The conti nuous pr BEEEER h"g})‘e?ysg’f(ghﬁsb?o’ﬁeﬁ'i“% ?e‘“ﬂﬁﬁ?é‘?‘ﬁ fjg%{i“alxgtgﬁrf%emlo

phar maceut i cal i ngrefisRidhed RIERd RaRide! finavir mesylate. 33. The continuous
processi ng systemof Caim 33, wherein said powder further conprises
calciumsilicate. 34. The continuous processing systemof C aim 34, wherein

the ratio of sanel ThoayhinRS Hl &ty cRhFM R b OahEelySaREiien 311 and

5:1. 15 35. The continuous ptrocessing system d arm 34, erein the ratio
of ndbfinavir nephdrataeettwakmigridient sohpostsamel fmagirimesylate.

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:
(a) 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 firstwgupsve® 20 elenent is positioned i medi ately adpag@gbi/aéh of
said first conveying elenent and said second conveying elenent. 38. A

met hod for producing a high dose phar rrangguti cal granul ation conprising:
(a) feeding a powder conprising a pharna€eutically active ingredient 25 to
a twin screw wet gganulf&rdQ{gapn@ﬂa% said Qi SRAWHRE %ﬁyma&r%hmeg/ 89679
PCT/USQ /1 5597 - (b) feeding a liquid to said twin screw wet

gr anul at or - choppefg) ( epnteesigaeid higpid and saifl gavdemyith afirst goovRdBRS Wi t h a
first conveying elenent of_ said fwn screw wet gra tor-c er, said
first conveying el eneﬁtenheatf)ﬁsgal%{mpesgrse%” \g\é\febrzpuluflgtﬁ;r-@g&?p » 80N rggti ng said
liquid and said powder cwhidyird dlemsiit Haliigng lekesmPitchpf said twin screw wet
granul at or-chopper to forma wet nass; (e) contacting said wet nmass with a
- second3conveyi ng &éDemesentagtingsae liguif and said powder wrhadiraiprangdeppert, sai d
second conveyi ng el enent.. i i s £ |l east one
pitch of said second %Bs%gﬁvwg%ﬁ%sgeg%éﬁ?ﬁﬂg c%éé&lft%an azsw:atelgé?s’one pitch
of said first conysgyi ngosthetirdaid eatmbds)witloa saoht rRgnesyig slememafsaidi t h a
choppi ng el enent of said twin screw wet granul ator-chopper and, choppi ng
said wet mass into a GVHRGIY Weheranulatps-chopRer§3idh3fgon C%"&D’W&f’i‘?m?"&rther

comprising the steps Obyyinght RANIGACIHEE PRln P lealPoR tchibruiliRbdold
conveying el enent of sal dl twn screw wet granul ator-chopper, said third
conveyidng el enent havicogveying dastntas espiltaalat leabtemeipitchiof kad$irstone pitch of
said third conveying elenent is |ess fhan at |east one pitch of said
second 20 conveying elC8NENINS dpgethindont acting said wet granul ation with

a second m xi ng elgmenicontacting said wet mass with a chopping element of said twin

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 ement an® pavterned after the step of contacting 25 sai dpgvgtysiBsSyiM t h
sai d second conveying el enent and before the step of contacting said wet
mass with said chopping elenent. 40. Thgarret hod of C aim 42, wherein the

tenperature of said twin screw wet grandl ator-chopper is nmintained at a

t enperat ure bpt weanphbpGaddi@icaldBfmulbicd ddmpri 896 théPnRETdceltiSh lordnulatibg>97 - 33
41. A pharmaceutical formnulation conprising tT1e pharmaceuti cal granul ation
produced accor di ngradocedeccartingtp the nitkadefClaim 11.



