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3 of tablet popularity as a dosage formare sinplicity, |ow cost, and
t he speed of production. O her reasons include stability of the drug
product, conveni ence in packagi ng, shipping and di spensing. To the
patient, tablets offer ease of adm nistration, ease of accurate
dosage, conpactness, portability, and bl andness of taste. Thus, it is
anot her object of the present inventiof to provide a tablet
formul ati on of the therapeutic agent. The formul ation of dua
acting conpounds such as supranol ecul ar conpl exes is not trivial
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As used herein, the term"therapeutic agent” refers to the
supranol ecul ar conpl ex, trisodi um
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propi onate(S)-3"'-nmethyl-2'-(pentanoyl{2"-(tetrazol -5-yl ate)bi phenyl -4
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simplified representation: The® above therapeutic agent

conpri ses an angi otensin receptor antagonist, a neutral endopeptidase
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standardi zed conditions of liquid/solid interface, tenperature and
sol vent conposition. The dissolution rate is nmeasured by standard

met hods known to the person skilled in the art, see the harnonized
procedure set forth in the pharmacopeias USP <711> and EP 2.9.3 and
JP. For the purposes of this invention, the test is for measuring the
di ssolution of the individual active |ﬁgred|ents is perfornmed
foll ow ng pharnacopeia USP <711> at pH 6.8 using a paddle stirring

el enent at 50 rpm (rotations per mnute) or alternatively at pH 4.5
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ef fective anpunt of valsartan free acid, of a phar maceutical ly
acceptabl e salt thereof, wherein the oral dosage formexhibits an in
vitro dissolution profile, whdefDesattioedf the DriveinglSP paddl e net hod at
about 50 rpmin 900 nL of 0.05M at pH 6.8 phosphate buffer and at
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acceptabl e ssalt thereof, is rel eased, after 20 min, froma mean of
about 30%t0 a nmean of about 100% (by wei ght) of valsartan free acid,
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di ssolution profile such that after 10 min, a nean of about 50% of
val sartan free hcid, is released, after 20 min, a nean of about 85%
of valsartan free acid, is released, after 30 mn, a nmean of about
95% of val sartan free acid, éts Q@l Hg fg}ee}not Her enbodi nent, a the
therapeutic agent is present I ReSEMRITRCT 81 EEUE™ 200 ng per unit
dosage form and the oral dosage formexhibits an in vitro
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t he t her ap&GtsPEPIEJRNRS:i s present in an anount of about 400 mgy per
unit dosage form and the oral dosage formexhibits an in vitro
dissolution 9 profile such that after 10 mn, a nean of about 40% of
val sartan free acid, is released, after 20 mn, a nean of about 70%
of valsartan free acid, is released, after 30 mn, a nmean of about



(2R, 4S) - 5- bi pheny14-y1-5-( 3- car boxy- propi onyl am no) - 2- net hyl - pent anoi
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bi phenyl4-y1-5-(3-carboxy- propi onyl am no) - 2- net hyl - pent anoi ¢ aci d
ethyl ester ethyl ester or a salt thereof. 11 The term "noieties"
nmeans that the conponent is present as such or preferably in the form
of a supranol ecul ar conpl ex. Most preférably, the solid oral dosage
form conprises trisodium
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granul ati ng to frerdmos hebpatic é@ngcomphyes%hléﬁ@btgﬁlrﬂ’écép@rIaﬁtégonlst a neutral

conpacti on) e nts. and eutica pt abl e
exci pients ar%gﬁrtﬂépe mﬁ%}]g\i#dsag%gé’atfoﬁ 'S u@gﬁﬁaﬁjef)&}pe‘l‘ticﬁﬂ L @s in
rol | er compaxaribeshyith ragped fods pepargtinnpad its dargstegeiss & \ﬁ@ﬁ@m%@@fit fibis

powder by ﬂr%?é%\éhﬂbghg@ﬁws Aidial-abitg ERBSINHT AR InRh b to Hésc?sgteé‘c&n%u&?d to
a uni form granu

t
inarollefC mgg{%ﬁﬁt 'B?O%ESP???'%&TQ%E%”B'W eal?’%es‘r%gi q”?ﬁl‘*f‘%ﬂ%)té%%tg)’l >
fillers, biblodeads respiting raaive &RBdiddcneeneiay obthanenmund and e oRet ik ée

conpact i on nb@rap@ffdbbé'dﬂb%'éhﬁﬁlbﬂéh Pe%@lhr‘?g ff'd?l{ th@ N%@i me&ra%ofé%ﬁ% chiRfdtna.
havi ng a s her a%)eut | C agent.

It has beerE[F' g‘%f‘?&‘e‘ﬁ'ﬁﬁge 8y g‘? pr@?ﬁ%‘&étﬁ %ﬁ"@ﬂﬁf}‘é"tc%' CARP ﬁ'tk‘,’[hf”aﬁ"a%ﬁ/f%‘ﬂ ages
for hi gher abwdé% te abqut 907h,dacht 4vet% led0ApRupeight alfeemtompositiors ui t abl e
tabl et size without conprom sing on the quality of the drug

subst ance. Espeagd @eh ﬁereﬁXlﬁ‘eetS@rl V@p@ﬁ%fe&hér%ﬂ?nﬁ!@x V‘@r’néar@ﬁ) de6RBE aki on of
t he conpon?tergchof the mze

pr event ed. on petwesn 148 °8'? Pa%f(‘fg%?g‘é%&er ?ﬁea'@ta:@? 8?6{\'%5 iy aﬂ’?‘n@tﬂ?rrﬁ%ﬁtl on
conpri ses &gt ﬁ%@ﬁ@cﬁnlveim in parégular wateh &y desag nérgpyalént injerestecdar.

Tabl etting aids, commonly used in tablet fornulation can be used and
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Exanpl es of pharmaceutically acceptable |ubricants and
pharmaceutically acceptable glidants include, but are not limted to,
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A further preferred enbodi nent of the present invention is a process
for the manufacture of a solid oral dosage formaccording to the
present invention for higher doses of the dual acting conpound. Such
a solid oral dosage form can be prepared by the foll ow ng nethod,
conprising the steps of mxing a dual acting conpound with at | east
one pharmaceutical |y acceptabl e excipiént to forma bl end;
conpacting, such as roller conpacting, said blend, optlonally m Xi ng
with further pharnmaceutically acceptable excipients and optionally
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Exanples 1 and 2 The therapeutic agent in this exanple is
trisodium|[3-((15, 3R)-1-bi phenyl -4-yl met hyl-

3- et hoxycar bonyl- 1- but yl car banoyl)

propi onate-(S)-3'-nethyl-2'-(pentanoyl{2"-(tetrazol -5-

yl at e) bi phenyl-4' || nmet hyl } am no) but yr at emem pent ahydrate. Table 1
shows the fornulation for Exanples 1 afd 2 having 5 ng and 50 ng of
t herapeutic agent respectively. Ingredients Function Exanple 1
Percentage (W4 w9 Exanple 2 Percentage (W4 we) therapeutic agent

4.7 9.4 m crocr Xshafidgly"e pR5EM ISR bloliBds F&edbi Lol oral dosage forms
delivering a therapeutically effective amount of valsartan free acid, or a pharmaceutically
acceptable salt thereof, wherein the oral dosage form exhibits an in vitro dissolution profile,
when measured by the USP paddle method at about 50 rpm in 900 mL of 0.05M at pH 6.8
phosphate buffer and at 37£0.5°C, such that after 10 min, from a mean of about 10% to a
mean of about 100% (by weight) of valsartan free acid, or a pharmaceutically acceptable salt
thereof, is released, after 20 min, from a mean of about 30% to a mean of about 100% (by
weight) of valsartan free acid, or a pharmaceutically acceptable salt thereof, is released,
after 30 min, from a mean of about 40% to a mean of about 100% (by weight) of valsartan

free acid, or a pharmaceutically acceptable salt thereof, is released.

Moreover, the present invention provides preferably solid oral dosage forms
delivering a therapeutically effective amount of valsartan free acid, or a pharmaceutically
acceptable salt thereof, wherein the oral dosage form exhibits an in vitro dissolution profile,
when measured by the USP paddle method at about 75 rpm in 1000 mL of pH 4.5
phosphate buffer and at 37+0.5°C, such that after 10 min, from a mean of about 20% to a
mean of about 100% (by weight) of valsartan free acid, or a pharmaceutically acceptable salt
thereof, is released, after 20 min, from a mean of about 30% to a mean of about 100% {by
weight) of valsartan free acid, or a pharmaceutically acceptable salt thereof, is released,
after 30 min, from a mean of about 40% to a mean of about 100% (by weight) of valsartan
free acid, or a pharmaceutically acceptable salt thereof, is released.

in one embodiment of the present invention, the therapeutic agent is present in an
amount of about 100 mg per unit dosage form, and the oral dosage form exhibits an in vitro
dissolution profile such that after 10 min, a mean of about 50% of valsartan free acid, is
released, after 20 min, 2 mean of about 85% of valsartan free acid, is released, after 30 min,
a mean of about 95% of valsartan free acid, is released. In another embodiment, a the
therapeutic agent is present in an amount of about 200 mg per unit dosage form, and the
oral dosage form exhibits an in vitro dissolution profile such that after 10 min, a mean of
about 50% of valsartan free acid, is released, after 20 min, a mean of about 85% of
valsartan free acid, is released, after 30 min, a mean of about 95% of valsartan free acid, is
released. Yet in another embodiment, a the therapeutic agent is present in an amount of
about 400 mg per unit dosage form, and the oral dosage form exhibits an in vitro dissolution



Talc glidant 4.3 4.3 | ow substituted hydroxypropyl cel |l ul ose
bi nder/di sintegrant 34.8 34.8 colloidal silicon dioxide glidant 0.4
0.4 Crospovi done disintegrant 8.7 8.7 magnesi um stearate

profile such that after 10 min, a mean of about 40% of valsartan free acid, is released, after
20 min, a mean of about 70% of valsartan free acid, is released, after 30 min, a mean of

about 90% of valsartan free acid, is released.

The exact dose of the therapeutic agent and the particular formulation to be
administered depend on a number of factors, e.g., the condition to be treated, the desired
duration of the treatment and the rate of release of the active agent. For example, the
amount of the active agent required and the release rate thereof may be determined on the
basis of known in vitroe or in vivo techniques, determining how long a pariicular active agent
concentration in the blood plasma remains at an acceptable level for a therapeutic effect.

Surprisingly, the it was found that the PK/PD profile as obtained with the solid oral
dasage form in accordance with the present invention concerning valsartan free acid is very
distinct from the single formulation containing only valsartan, in particular the Diovan®
formulation. This very distinct and unigue pharmacokinetic and pharmacodynamic profile of
valsartan free acid following administration of the therapeutic showed a substantially
enhanced oral bicavailability (~1.4 to1.6 fold, in particuiar 1.6 fold) and a trend towards a
faster onset (fnax 1.8£0.3 h) than that following valsartan administration in the form of the
Diovan® formulation {approx. tmax 2.6 h). Together, this pharmacokinetic and
pharmacedynamic profile of the present dosage form of the therapeutic agent support the
further development for the improved treatment of cardiovascular diseases.

Accordingly, the present invention provides solid oral dosage forms delivering a
therapeutically effective amount of valsartan free acid, or a pharmaceutically acceptable salt
thereof, and a carrier medium, wherein the oral dosage form provides a rapid rate of
absorption of valsartan free acid with a ., of 1 to 2.2 h following administration of a single
dose of said dosage form. More specifically, a thax of 1.4 to 2.0 h ¢can be observed. This is in
stark contrast to the rate of absorption of valsartan following administration of Diovan® where
a8 tmax Of 2.5 t0 4.0 h, more specifically, 2.8 to 3.0 h, is observed. For example, the present
invention provides a solid oral dosage form comprising about 200 mg trisodium [3-{(18,3R)-
1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butyicarbamoyl} propionate-(8)-3'-methyl-2'-
(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-yimethyl}lamino)butyrate]hemipentahydrate, or a



| ubricant 0.9 0.9 Total 100% 100% The therapeutic agent is
first sieved through a 40 nesh screen. Added to the therapeutic agent
Is mcrocrystalline cellulose and crospovidone, the mxture is sieved
through a 20 nesh screen. The mixture is then bl ended for about a
hundred rotations in a bin blender. The | ow substituted

hydr oxypropyl cel | ul ose and col | oi dal st0icon dioxide is then added to
the bin blender which is then rotated for another hundred rotations.
Talc is then added to the m xture and bin blended. The final addition
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administration of a single dose of said dosage form. More specifically, a dose-normalized
geometric mean exposure AUC. of 270 to 320 ng-h/mL/mg-equivalent can be observed.
The corresponding exposure observed with valsartan administration in the form of Diovan®is
much lower. Consequently, the present invention provides a solid oral dosage form
delivering a therapeutically effective amount of valsartan free acid, or a pharmaceutically
acceptable salt thereof, and a carrier medium, with a mean relative bioavailability of 140 to
185%, such as 150 to 165%, as compared to valsartan following administration of Diovan®.
For example, the present invention provides a solid oral dosage form comprising about 200
mg trisodium [3-({18,3R)-1-biphenyi-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)
propionate-(S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-
yimethyl}amino)butyrate]hemipentahydrate, or a respective amount of valsartan free acid,
and a carrier medium, said dosage form providing mean plasma exposure (AUCq.24) of
16,000 to 18,000, such as 16,970, ng*h/mL following administration of a single dose of said
dosage fofm.
Thus, with the solid oral dosage form of the present invention, one can achieve not
only a faster rate of absorption but also a greater extent of absorption than with Diovan®.
These pharmacokinetic properties are expected to lead to therapeutic advantages over

valsartan administration on its own,

The solid oral dosage form mentioned above comprises moieties of
valsartan or a salf thereof and

(2R,4S)-5-biphenyld-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid or (2R,4S5)-5-
biphenyl4-yl-5-(3-carboxy-propionylamino)-2-methyl-pentanoic acid ethyl ester ethyl ester or

a salt thereof.
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The term "moieties” means that the component is present as such or preferably in the form
of a supramolecular complex. Most preferably, the solid oral dosage form comprises
trisodium [3-((1S,3R}-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl) propionate-
(8)-3"-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-
yimethyl}amino)butyratelhemipentahydrate which means that both moieties are present in
one dual acting molecule or supramolecular complex.

As used herein the term "excipient” refers to a pharmaceutically acceptable inert
ingredient that is used in the manufacture of solid oral dosage forms. Examples of
categories of excipients include, but are not limited to, binders, disintegrants, lubricants,
glidants, stabilizers, fillers and diluents. Excipients can enhance the processing
characteristics of the pharmaceutical formulation, i.e., render the formulation more sultable
for direct compression by increasing flowability and/or cohesiveness.

As used herein, the term “direct compression” refers to the general process of
directly compressing the ingredients in the pharmaceutical formulation (i.e., therapeutic
agent and excipients) without changing the physical and chemical properties of the
therapeutic agent. The therapeutic agent, along with pharmaceutically acceptable
excipients, in the form of powders, are blended in a low shear apparatus, for example a twin
shell blender. The blended composition is then filled into a die and directly compressed into
a by a punch. Atablet press, for example, can accomplish this compression step. Useful
excipients in a direct compression process include, but are not limited to fillers, binders,
lubricants and glidants. Direct compression is particularly suitable for a solid oral dosage
form having a strength of from 0.5 mg to 200 mg of the therapeutic agent.

As used herein, the term "compaction” refers to the general process of dry
granulating to form a tablet (e.g., by slugging or roller compaction). The therapeutic agents
and pharmaceutically acceptable excipients are made into slugs (as in slugging) or ribbons
{as in roller compaction). The roller compaction process densifies the powder by removing
any air. The densified material is then reduced to a uniform granule size and subsequently
compressed. Useful excipients in a roller cormpaction pracess include, but are not limited to
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fillers, binders, lubricants, disintegrants and glidants. Roller compaction is particularly
suitable for a solid oral dosage form having a strength of from 50 to 800 mg of the
therapeutic agent.

I{ has been found that roller compaction offers particular advantages for higher doses
to provide the therapeutic agent in a suitable tablet size without compromising on the quality
of the drug substance. Especially, excessive amorphism as well as separation of the
components of the dual acting compound can be minimized or prevented.

A solid oral dosage form according to the invention comprises additives conventional
in the dosage form in question. Tabletling asids, commonly used in tablet formulation can be
used and reference is made to the extensive literature on the subject, see in particular
Fiedler's "Lexicon der Hilfstoffe”, 4th Edition, ECVY Aulenderf 1996 which is incorporated
herein by reference. These include but are not limited to disintegrants, binders, lubricants,
glidants, stabilising agents, fillers or diluents, surfactants and the like.

Examples of pharmaceutically acceptable disintegrants include, but are net limited to,
starches; clays; celluloses; alginates; gums; cross-linked polymers, e.g., cross-linked
polyviny! pyrrolidone or crospovidone, e.g., POLYPLASDONE XL from International
Specialty Products (Wayne, NJ); cross-linked sodium carboxymethylicellulose or
croscarmellose sodium, e.g., AC-DI-SOL from FMC; and cross-linked calcium
carboxymethylcellulose; soy polysaccharides; and guar gum, most preferably cross-linked
polyvinyl pyrrolidone or crospovidone. The disintegrant may be present in a concentration
from about 0% to about 65%; e.g., from about 1% to about 40%; {e.qg., from about 0.05% to
about 10%) by weight of the composition (prior to optional coating).

Examples of pharmaceutically acceptable binders include, but are not imited to,
starches; celluloses and derivatives thereof, for example, microcrystalline cellulose, e.g.,
AVICEL PH from FMC (Philadelphia, PA), hydroxypropyl cellulose, in particular low
substituted hydroxypropyl cellulese, e.g. hydroxypropyl cellulose having a hydroxypropyl
content of 5 to 16 % by weight and a Mw of from 80 000 to 1 150 000, more particularly 140
000 to 850 000, such as LH21, hydroxylethyl cellulose and hydroxylpropylmethy! cellulose
METHOCEL from Dow Chemical Corp, (Midland, Mi); sucrose; dextrose; corn syrup;
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polysaccharides; and gelatin, most preferably celiuloses such as hydroxypropyl cellulose, in
particular low substituted hydroxypropyl cellulose. The binder may be presentin a
concentration from about 1 to about 60%; e.g., from 5% to about 40% by weight of the
composition, in particular from 10% to about 40% by weight of the compaosition {prior to
optional coating), if direct compression methods are employed, or from 5% to about 30% by
weight of the composition (prior to optional coating) if roller compaction is employed.
Although some of the excipients could also be considered as disintgrants, for the purposes
of the present invention they are solely regarded as binders.

Examples of pharmaceutically acceptable fillers and pharmaceutically acceptable
diluents include, but are not limited fo, confectioner’s sugar, compressible sugar, dextrates,
dextrin, dextrose, lactose, mannitol, microcrystalline cellulose, in particular Cellulose MK GR,
powdered cellulose, sorbitol, and sucrose, in particular microcrystalline cellulose. The filler
may be present in a concentration from about 4% to about 60%,; e.g. from about 20% to
about 40% by weight of the compasition (prior to optional coating).

Examples of pharmaceutically acceptable lubricants and pharmaceutically
acceptable glidants include, but are not limited to, colloidal silica, magnesium trisilicate,
starches, talg, tribasic calcium phosphate, magnesium stearate, aluminum stearate, calcium
stearate, magnesium carbonate, magnesium oxide, polyethylene glycol, powdered cellulose,
glyceryl behenate, stearic acid, hydrogenated castor oil, glyceryl monostearate, and sodium
stearyl fumarate. The glidant may be present in a concentration from 0% to 10%, such as
up to 2%, for example approximately 0.1% (prior to optional coating). The lubricant may be
present in an amount from 0% to 5%; e.g., from about 0.5% to about 5% (prior to optional
coating).

It is a characteristic of the preferred present sclid oral dosage forms that they contain
only a refatively small amount of additives given the high content of active agent. This
enables the production of physically small unit dosage forms. The total amount of additives
in a given unit dosage may be about 65 % or less by weight based on the fotal weight of the

solid oral dosage form {prior to optional coating), more particularly about 55 % or less,
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Preferably the additive contentis in the range of about 35 to 55 % by weight, more
particularly 40 to 45 % by weight.

The absolute amounts of each additive and the amounts relative to other additives is
similarly dependent on the desired properties of the solid oral dosage form and may also be
chosen by the skilled artisan by routine experimentation without undue burden. For example,
the solid oral dosage form may be chosen to exhibit accelerated and/or delayed release of
the active agent with or without quantitative control of the release of active agent.

Thus, where accelerated release is desired, e.g. about 30% release within a ten
minute, more particularly a five minute period, a disintegrant such as crosslinked polyvinyl
pyrrolidone, for example those products known under the registered trade marks Polyplas-
done®XL or Kellidon®CL, in particular having a molecular weight in excess of 1 000 000,
more particularly having a particle size distribution of less than 400 microns or less than 74
microns, or reactive additives {effervescent mixtures) that effect rapid disintegration of the
tablet in the presence of water, for example so-called effervescent tablets that contain an
acid in solid form, typically citric acid, which acts in water on a base containing chemically
combined carbon dioxide, for example sodium hydrogencarbonate or sodium carbonate, and
releases carbon dioxide.

Whereas if delayed release is desired one can employ pellet coating technology, wax
maltrix systems, polymer matrix tablets or polymer coatings conventional in the art.

CQuantitative control of the release of the active agent can be achieved by
conventional technigues known in the art. Such dosage forms are known as oral osmotic
systems {OROS), coated tablets, matrix tablets, press-coated tablets, multilayer tablets and
the like.

In a solid oral dosage form wherein the active agent consist entirely of the dual acting
compeund trisodium [3-((1S,3R}-1-biphenyl-4-ylmethyl-3-ethoxycarbonyl-1-butylcarbamoyl)
propionate-{S)-3'-methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate)biphenyl-4'-
yimethyllamino)butyratejhemipentahydrate, preferred additives are microcrystalline
cellulose, hydroxypropyicelluiose, Crospovidone, Mg, Ca or Al stearate, anhydrous colloidal
silica and talc. The amaunts of additive employed will depend upon how much active agent
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is to be used. The stearate, e.g. Mg stearate is preferably employed in amounts of 1.0 to
6.0% by weight, e.g. 1.5% to 4.0 % by weight (prior to optional coating). Whereas the silica
is preferably employed in an amount of from 0.1 to 2% by weight. The microcrystalline
cellulose is preferably present in an amount of 10 to 30%, e.g. 20-21%. The crosspovidone
is preferably present in an amount of 1 to 20 %, more preferably 5 to 15%, e.g. 8-10%

The solid oral dosage forms according to the present invention may be in the form of
dragees in which case the solid oral dosage form is provided with a coating typically a sugar,
shellac or other film coating entirely conventional in the art. Attention is drawn to the
numerous known methods of coating employed in the ar, e.g. spray coating in a fluidized

‘ bed, e.g. by the known methods using apparatus available from Aeromatic, Glatt, Wurster or
Huttlin, in a perforated pan by the Accela Cata methad, or to the submerged sword coating
method. The additives commonly used in confectioning are employed in such methods.

The invention provides in another of its aspects a process of making a solid oral
dosage form as hereinabove described. Such solid oral dosage form may be produced by
working up the final compuosition defined hereinabove in appropriate amounts, to form unit
dosage forms.

In one embodiment there is provided a process of making the solid oral desage forms
as hereinabove described comprising the steps of

(a) mixing a dual acting compound with at least one pharmaceutically acceptable
excipient to form a blend;

(b} directly compressing sald blend into a solid oral dosage form.

A further preferred embodiment of the present invention is a process for the
manufacture of a solid oral dosage form according to the present invention for higher doses
of the dual acting compound. Such a solid oral dosage form can be prepared by the
following method, comprising the steps of mixing a dual acting compound with at least one
pharmaceutically acceptable excipient to form a blend; compacting, such as roller
compacting, said blend; optionally mixing with further pharmaceutically acceptable
excipients, and optionally compressing the final blend into a solid oral dosage form.

More particularly, said method comprises the steps of
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The therapeutic agent is first sieved through a 40 mesh screen. Added to the
therapeutic agent [s microcrystalline cellulose and crospovidone, the mixture is sieved
through a 20 mesh screen. The mixture is then blended for about a hundred rotations in a
bin blender. The low substituted hydroxypropylcellulose and colloidal silicon dioxide is then
added to the bin blender which is then rotated for another hundred rotations. Talc is then
added to the mixture and bin blended. The final addition is magnesium stearate. The
powdered mixture is then compressed into a tablet weighing about 115 mg for Example 1
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Crospovidone 4

Colloidal silicon dioxide 0.4

Talc 0.8

Magnesium Stearate 1.4

EXTRAGRANULAR

Crospovidone 3.2

Magnesium Stearate 0.8

Total tablet weight (mg) 80
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100mg 200mg 400mg
Ingredients mg/Tablet | mg/Tablet | mg/Tablet
INTRAGRANULAR
LCZ696-ABA.001 107.8 215.6 431.2
Microcrystalline Cellulose
{Cellulose MK GR) 40.2 80.4 160.8
L-HPC (low sub) 25.0 50.0 100.0
Crospovidone 10.0 20.0 40.0
Colloidal silicon dioxide 1.0 2.0 4.0
Talc 1.5 3.0 6.0
Magnesium Stearate 3.0 6.0 12.0
EXTRAGRANULAR
Tale 0.5 1.0 2.0
Crospovidone 8.0 16.0 320
Magnesium Stearate 3.0 6.0 12.0
Opadry White 4.43 6.63 9.95
Opadry Yellow 2.86 4.30 6.44
Opadry Red 0.65 0.98 1.47




2.09 1.29- 3.38 Cohort B (20 ng LCZ696) innjjj 284 206 1.38 1.08 -
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Opadry Black 0.06 0.09 0.14
Weight gain per tablet (mg) 8 12 18
Total Tablet weight (mg) 208 412 818

Magnesium stearate, talc, colloidal silicon dioxide and microcrystalline celluiose are
first sieved through a 30 mesh screen. The above mixture, the therapeutic agent,
crospovidone and low substituted hydroxypropylcellulose are then blended for about 120
rotations in a bin blender. Afterwards, the obtained blend is sieved through a 30 mesh
screen. The sieved mixture is then blended for about 120 rotations in a bin blender. The
blend is compacted using a roller compactor BEPEX 50 with a compaction force of 30 kN.
After compaction, the mixture is milled using a Frewitt Oscillator and sieved through an 18
mesh screen to obtain the final internal phase or granulate. The granulate is blended with
crospovidone and talc (external excipients), sieved through a 30 mesh screen, for about 50
rotations in a bin blender. Thereafter, the obtained mixture is blended with magnesium
stearate (external excipient), sieved through a 30 mesh screen, for about 50 rotations in a
bin blender. The obtained final mixture is then compressed into a tablet using a Fette 3090
apparatus. The coating was applied using Opadry coating polymer to obtain coated tablets.
The dissolution profiles of Examples 3 to 5 at pH 6.8 are shown in Fig. 2 and the dissolution
profile of Example 6 at pH 4.5 is shown in Fig. 3.

Example : DISSOLUTION TESTING

The tablets of the Examples are tested for their dissolution in 800 ml of pH 6.8
phosphate buffer with paddles at 50 rpm.

The assembly consists of the following: a covered vessel made of glass or other inert,
transparent material; a motor, and a paddle formed from a blade and shaft as the stifrring
element. The vessel is partially immersed in a suitable water bath of any convenient size or
placed in a heating jacket. The water bath or heating jacket permits holding the temperature
inside the vessels at 37 + 0.5° during the test and keeping the bath fluid in constant, smooth
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motion. No part of the assembly, including the environment in which the assembly is placed,
contributes significant motion, agitation, or vibration beyond that due to the smoothly rotating
stirring element. Apparatus that permits observation of the specimen and stirring element
during the test is has the following dimensions and capacities: the height is 160 mm to 210
mm and its inside diameter is 98 mm to 106 mm. lis sides are flanged at the top. A fitted
cover may be used to retard evaporation. The shaft is positioned so that its axis is not more
than 2 mm at any point from the vertical axis of the vessel and rotates smoothly without
significant wobble. The vertical center fine of the blade passes through the axis of the shaft
so that the bottom of the blade is flush with the bottom of the shaft. The design of the paddle
is as shown in USP <711>, Fig. 2. The distance of 25 £ 2 mm between the blade and the
inside bottom of the vessel is maintained during the test. The metallic or suitably inert, rigid
blade and shaft comprise a single entity. A suitable two-part detachable design may be used
provided the assembly remains firmly engaged during the test, The paddle blade and shaft
may be coated with a suitable inert coating. The dosage unit is allowed to sink to the bottom
of the vessel before rotation of the blade is started. A small, loose piece of nonreactive
material such as not more than a few turns of wire helix may be attached to dosage units
that would otherwise float. Other validated sinker devices may be used.

1L of a buffered aqueous solution, adjusted to pH 6.8 + 0.05 (0.05 M Phosphate buffer
solution obtained by dissolving 6,805g of potassium dihydrogen phosphate and 0.896¢ of
sodium hydroxide in and diluting to 1000 ml with water, and adjusting the pH to 6.80+0.05
using 0.2M sodium hydroxide or 1M phosphoric acid; referred hereinafter as “Dissolution
Medium”) is placed in the vessel of the apparatus, the apparatus is assembled, the
Dissolution Medium is equilibrated to 37 £ 0.5°, and the thermometer is removed. 1 dosage
form {e.g. tablet or capsule) is placed on the apparatus, taking care to exclude air bubbles
from the surface of the dosage-form unit, and immediately the apparatus is operated at a
rate of 50+2 rpm. Within the time interval specified (e.g. 10, 20, 30, 45, 60, 90 and 120 min.),
or at each of the times stated, a specimen(> 1 ml) is withdrawn from a zone midway
between the surface of the Dissolution Medium and the top of the rotating blade, not less
than 1 cm from the vessel wall. [NOTE- the aliquots withdrawn for analysis are replaced with
equal volumes of fresh Dissolution Mediums at 37° or, where it can be shown that
replacement of the medium is not necessary, the volume change is corrected in the
calculation. The vessel is kept covered for the duration of the test, and the temperature of
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A-B-C ngt/m /ng-equivalent 296 185 1.6 1.39 - 1.84 AU Q0. 24,
ngt/ m / ng- equi val ent 292
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the mixture under test at suitable times is verified.] . The specimen is filtered through a
suitable filter, e.g. a 0.45 um PVDF filter (Millipore) and the first mis (2 to 3 mi) of the filtrate
are discarded. The analysis is performed by HPLC or UV detection. The test is repeated at
least 6 times. with additional dosage form units.

Their dissolution profiles are shown in FIG. 1 and in FIG. 2. Greater than 90% of the
therapeutic agent is released from both Example 1 and Example 2 tablets in less than ten
minutes and Greater than 70% of the therapeutic agent is released from both Examples 3 to
5 tablets in less than 20 minutes.

The tablets of the Examples can also be tested using the above method at pH 4.5 by
carrying out the method as described above and applying the following modifications:

Preparation of pH 4.5 phosphate buffer solution is achieved by dissolving 13.61 g of
potassium dihydrogen phosphate in 750 ml of water, adjusting the pH if necessary with 0.1M
sodium hydroxide or with 0.1M hydrocharic acid and diluting to 1000.0 mt with water.

Dissolution testing condition at pH 4.5:

Conditions

Speed of rotation 753 rpm

Test medium Phosphate buffer solution pH 4.5
Volume of test medium 1000 mi

The dissolution profile for Example 6 at pH 4.5 is shown in FIG. 3. Greater than 80%
of the therapeutic agent is released from Examples 6 tablets in less than 20 minutes.

Examples : Measurement of pharmacokinetic parameters
1) 5 to 80 mg doses:

The study employs a two-period, parallel group, ascending single dose (5, 20, 80 mg
of LCZ696 and 40 mg Diovan® (marketed formulation of valsartan), placebo controlled
design with dose selection based on FDA exploratory-IND guidance. The dosages of



182 1.61 1.40 - 1.85 Cmax, ng/m/ng-equivalent 47 24 1.95 1.62 -
2.36 Based on the dose-nornalized exposures to val sartan, there was
no statistically significant difference between cohorts therefore
therefore the data fromthree cohorts were pooled 2)50 to 1200 ny
doses: This study uses an interwoven single- and
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controlled, tine-lagged, parallel group) to assess safety,
tolerability, and pharnacokinetics of LCZ696 in heal thy vol unteers.

The doses f Zﬁbg'aﬁa %Btg dd %s: tl'fe 8 8 ’taq) 0, sgoaonf ﬂd 12Dove and
for the S|n e dose cohor t 2007 © %8 PGS0 6° M P@F (e

mul tiple do%a'wmsd@rtt@e ?Qﬂyqnﬁ@mma dmlt'preﬁ@metﬁ piebtngeand/or §amesitengtat es
for all analytej e Sonsi s te?% wth earli er findi ngs obtai ned frgm

the above singl °&8%ée SYURgYsBr° \ﬁé?"%’&é‘é%a grtag betw ‘IJ'UR/ZSSBS%?'OVG”zSt

different dose levels, valsartan’s exposure {(AUC) and Cmax values are normalized to the
actual amount of anhydrous salt-free- valsartan administered (normalized by mg-equivalent).
The AUCo.24 values are caloulated as ng-h/mi/mg-equivalent of valsartan, and the geometric
means are compared. The mean relative bioavailability of valsartan with LCZ696
administration is substantially higher than with Diovan® with the ratio of geometlric means for
the three LCZ696 cohorts ranging from 107% to 249%. Valsartan exposures following
administration of LCZ696 are dose linear and since there is no statistically significant
deviations in the dose normalized valsartan exposure between the 3 cohorts, the data from
all 3 cohorts is combined (n = 24) to get a pooled estimate of the relative bicavailability of
valsartan for LCZ696 compared to 40 mg Diovan®. Exposure (AUC) and C,, values
normalized to mg-equivalent of anhydrous salt-free- valsartan are summarized in Table 4.

The rate and extent of absorption of valsartan with L.CZ696 is greater than with
Diovan® The dose-equivalent normalized Cma Of valsartan is higher following LCZ696
administration than following Diovan® administration (ratio of geometric means for AUC is
161%, 90% Cl: 140-185%). Also, a trend towards a shorter tn.x {mean 1.3-1.8 h) for
valsartan is observed following LCZ696 administration than that (mean 2.4-3.0 h) following
Diovan® administration.



M ni mal accunul ati on was evident for all analytes follow ng
adm ni stration of 50-900 ng LCZ696 once daily for 14 days. Table
5Summary of LCZ696 phar nmacoki netic paraneters for valsartan follow ng
singl e dose administration. tmax (h)Cam ng/ m AUCO. 24 (ng.h/ml)to (h)
200 ng: 1. 733091697011. 7 600 ng :1.972694064516.6 900 ny
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phar macoki netic paraneters for valsartan followng daily
adm nistration for 14 days. t," (h) O ng/m AUCO.24 (ng.h/nl) t112
(h) 50 ng: 1.6 1233

Table 4 Summary of dose-normalized pharmacokinetic parameters on

valsartan for each cohort, and for pooled data

Geometric means
Dose-normalized PK Ratio LCZ696 /
parameters LCZ696 40 mg Diovan® Diovan 20% CI of ratio

=y AUC o,

[7=] -
< 8| ng'imimg-equivatent 372 205 1.81 1.32-2.49
o
89|  AUCua 364 201 1.81 1.31-2.50
6 o] ng*h/ml/mg-equivalent
CE Cmakx,

2|  ngmlimg-equivalent 96 27 2.0¢ 1.29-3.38

g AUCoint 284 206 1.38 1.08-1.77
@ 5 |__ng*h/mlimg-equivalent
tQ AUCqp.24,
= " . 280 203 1.38 1.07-1.77
S gt ng*h/mi/mg-equivalent
s Cmax,

o ng/mlimg-equivalent 44 26 1.69 1.26-2.27

2| AUCum 245 149 1.64 131-206
© 8 |__ng’himi/mg-equivalent
59 AUCq.04,
= . 244 146 1.67 1.33-2.08
<] g ng*himl/mg-equivalent
°s Cmax,

< ng/mlfmg-equivalent 43 20 2.1 1.55-2.86

Q AUCoius 185 16 1.39-1.84
E @] ng*himi/mg-equivalent 296 ’ ) )
5y AUCo.z, 292 182 161 1.40-1.85
E t| ng'hmiimg-equivalent ' : :
Q5 Cmax,

S|  ngimimg-equivalent 47 24 1.95 1.62-2.36

* Based on the dose-normalized exposures to valsartan, there was no statistically significant difference
between cohorts therefore therefore the data from three cohorts were pooled

2) 50 to 1200 mg doses:

This study uses an interwoven single- and multiple-ascending dose design
(randomized, double-blind, placebo controlled, time-lagged, parallel group) to assess
safety, tolerability, and pharmacokinetics of LCZ696 in healthy voluntieers. The
doses for this study are as follows: 200, 600, 900, and 1200 mg for the single dose
cohorts; 50, 200, 600, and 900 mg for the multiple dose cohorts lasting 14 days.

Mean tmax and tyz estimates for all analytes are consistent with earlier findings
obtained from the above single dose study of lower doses (i.e., Study above).
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Minimal accumulation was evident for all analytes following administration of
50-900 mg LCZ696 once daily for 14 days.

Table 5 Summary of LCZ636 pharmacokinetic parameters for valsartan

following single dose administration.

tmax (1) Crnax Ng/ml AUCq.24 (ng.h/ml) tya (h)
200 mg: 1.7 3309 16970 1.7
600 mg 1.9 7269 40645 16.6
900 mg : 2.2 8374 53568 14.9
1200 mg: 2.2 7448 60118 8.9

Table 6 Summary of LCZ696 pharmacokinetic parameters for valsartan
following daily administration for 14 days.

tinax (h) Cmax NG/MI AUCp.24 {ng.h/ml} tye (h)
50 mg: 1.6 1233 6935 15.2
200 mg: 1.8 3990 21079 221
600 mg : 22 8563 58876 22.6
900 mg : 49 8960 54920 15.0

It is understoed that while the present invention has been described in conjunction
with the detailed description thereof that the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the following claims.
Other aspects, advantages and maodifications are within the scope of the claims.
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Wi thin.,h f..th | ai s, . 26 What is Clained: 1. A solid oral
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from about 49 09 vei gh [ I I} on;, an at.
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acting c I , , SRE, i
dose: and ERyEapb B3R ARl duentte iy maR s s el Bt
The sol i ¢glate)biphenddgdmietivifaofnognyyrete]lendperdatlydate2, wherein said
solid oral dosage formis a tablet. 4. The solid oral dosage form of
any of clains 1, 2 or 3, wherein said tablet is an i nmedi at e-rel ease
formulation. 5. A process for naking a solid oral dosage form

conpr i i ndy soliccorst dgsmge form(adcomding toglaimi isadipuiging:

[3-((1S, 3R) - 1- bi pheny1l-4-yl net hyl- 3- et hoxycar bonyl-1- butyl car banoyl)
pr opi onat e- (&) a ualrstihy dorgpeundemaa AL 40t 83, r1@2020%er 400 mg per unit

yl at e) bi pheny1;4. -yl gret hyl }am no) butyrat e] hem pentahydrate with at

| east one pharmacéutically acceptabl e excipient to forma bl end;

(b) -di rect | Yo COTIESAL Al RLAPD. Il oral dosage form

and optional'ly conpressing t end 1nto a solid oral dosage
form 6. A process for nmaking a solid oral dosage form conprising the
steps of mxing trisodium

[3-((1S, 3e él,sc;nfagq?@%)é%gé‘fo}’rh TRLAY dr cBaifks ABHYEL AR daid s QI LGRS R

pr opi onat e-

met hy1-2'at tanoyl{2"-(tetrazol - 5-yl at e) bi phenyl-4' -

yl met hyl } am no) but yr at e] hem pent ahydratewith at | east one _ _
phar madeuf hegglidyeralcospasisrme otrey ¢ daimstlo2 o6 Bnvaerinasist tablghig gotinmgdiate-
such as rQld-8L tGARAcLI Ny, said blend; optionally mxing with further
pharmaceutically acceptabl e excipients, and optionally conpressing

the fimal ARk&REs fdhhakdhgSPLdid RAI™osARSRER chRBRing the steps of:

(&) mixing trisodium [3-({1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-
butylcarbamoyt) propionate-(S)-3'-methyl-2'-(pentanoyl{2"-{tetrazol-5-
ylate)biphenyl-4'-yimethyl}amino)butyratethemipentahydrate with at least one
pharmaceutically acceptable excipient to form a blend;

(b) directly compressing said blend into a solid oral dosage form.

and optionally compressing the final blend into a solid oral dosage form.

6. A process for making a solid oral dosage form comprising the steps of mixing trisodium
[3-((1S,3R)-1-biphenyl-4-yimethyl-3-ethoxycarbonyl-1-butylcarbamoyl) propionate-(S)-3'-
methyl-2'-(pentanoyl{2"-(tetrazol-5-ylate )biphenyl-4'-
ylmethyl}amino)butyratelhemipentahydratewith at least one pharmaceutically acceptable
excipient to form a blend; compacting, such as roller compacting, said blend; optionally
mixing with further pharmaceutically acceptable excipients, and optionally compressing

the final blend into a solid oral dosage form.
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The tabl et according to claim7 obtainable by roller conpaction. 9. A
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wherein e ora rovides a raté o orp

val sar sahtterend, iacélebasdt h a tmax of 1 to 2.2 h follow ng

adm nistration of a single dose of said dosage formand / or provides
a dose-1Aoh selid gretdosege fgimacsmprieiogosur e (AUCO_24) of 230 to 400

ngh/ mUng- equi val ent follow ng adm nistration of a single dose of said
dosage tiispdinm [B1((1SF &B)-ih@@h@ﬁyit%ﬂﬁ@tﬂy{-&eﬂmycadmgébﬂbﬁwmwmrmjomaje-

claim i&p% %etﬁh% e%ga%’g’i %t%%%;ﬂ@%}) @ﬁ" : gfor increasing the rate

of abs ion posure free acid.
ylmethyl}am|no)butyrate]hemlpentahydrate that delivers a therapeutically effective amount of

valsartan free acid, or a pharmaceutically acceptable salt thereof, and a carrier medium,
wherein the oral dosage form provides a rate of absorption of valsartan free acid with a ta of
1 to 2.2 h following administration of a single dose of said dosage form and / or provides a
dose-normalized mean plasma exposure (AUCqz4) of 230 to 400 ng=h/mL/mg-equivalent

following administration of a single dose of said dosage form.

11. The use of the sclid oral dosage form according fo claim 10 for the preparation of a

medicament for increasing the rate of absorption and / or exposure of valsartan free acid.



