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BEFORE THE CONTROLLER OF PATENTS,
MUMBAI

In the matter of section 25(1} of The
Patents Act, 1970 as amended by The
Patents (Amendment) Act 2005,

And

In the matter of The Patents Rules, 2003
as amended by The Patents
{Amendment) Rules, 2006

And

In the matter of patent application
726/MUMNP/2009 dated April 15, 2009
by Abbott Laboratories, DEPT. 377
Bidg AP6A-1, 100 Abbott Park Road,
Abbott Park, IL 60064-6008. U.S.A.
........ Applicant

And

IN THE MATTER of opposition of the
grant of a patent thereto by, Cipla
Limited, Mumbai Central, Mumbai-400
008. India.

....... Opponent

5 AUG 2010



REPRESENTATION UNDER SECTION 25(1)

We Cipla Limited, Mumbai Central, Mumbai-400 008. India, (hereinafter called
‘opponent”) make the following representation under Section 25(1) of the Act in

opposing the grant of patent on the application indicated in the cause title.

1 OPPONENT’S BUSINESS AND ACTIVITIES

1.1 The opponent is a Company incorporated under the laws of India and carries
on business, inter alia, of manufacture of wvarious drugs/medicinal
preparations. The opponent has access to the latest technologies relating to
maﬁufacture of the drugs and medicines. The opponent is a manufacturer of
pharmaceutical products and preparations in this country and the opponent’s
products are sold under different brands and enjoy considerable goodwill
and reputation. The opponent is very well known and has been operating in
this country for several decades. The opponent is also engaged in the
research and development of medicines and pharmaceutical products and

preparations.

2 GROUNDS OF OPPOSITION
2.1 The application is opposed on the following grounds

a. that the invention so far as claimed in any claim of the complete
specification 1s obvious and clearly does not involve any inventive
step, having regard to the matter published as mentioned in clause
(b) or having regard to what was used in India before the priority

date of the applicant's claim; {U/S 25 (1) e}
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b. that the subject of any claim of the complete specification is not an
invention within the meaning of this Act, or is not patentable under

this Act; {U/S 25 (1) f}

c. that the complete specification does not sufficiently and clearly
describe the invention or the method by which it is to be performed;

(U/S 25 (1) g}

d. the applicant has failed to disclose to the Controller the information
required by Section 8§ or has furnished the information which in any

material particular was false to his knowledge. {U/S 25 (1) h}

3. PRELIMINARY OBJECTIONS

3.1 The opponent would like to bring to the notice of the Ld. Controller that the
subject patent application is a divisional to 339/MUMNP/2006 (hereinafter
referred as parent application). Pre grant opposition w/s 25 (1) to the parent
application has been filed by the opponent and also heard by the Ld. Deputy
Controller on April 15, 2009. It is further noteworthy that the subject
divisional application is filed at the Mumbai Patent Office on the same day on
which hearing w's 25 (1) in respect of parent application was scheduled.

3.2 The opponent states that this is a deliberate attempt to mislead the Ld.
Controller and the public at large since the claims of the parent application
339/MUMNP/2006 were amended prior to filing of the impugned application
and the applicant is well aware that the claims of the impugned application are
similar to that of the originaily filed claims or the claims in the parent
application before amendment i.e. 339/MUMNP/2006. The impugned
application is thus not maintainable Under Section 16 of the Patents Act. 1t is

stated that the present application was made with a malafide intention of filing
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multiple applications for the same invention knowing very well that the
invention claimed is devoid of patentable subject matter and the further
application 1s merely a back-up application to shield the claims dropped
during prosecution of parent.

3.3 The opponent has secured the copy of First examination report and Response
filed by the applicant in respect of the parent application from the Patent
Office on request under the RTI Act. The same is attached herewith as
Annexure A. As evident from the applicant’s response dated July 7, 2008, the
claims of the parent application were amended. The applicant filed the
divisional with the same claims as the original parent application as filed. The
opponent states that filing of the divisional application under opposition is
contradictory to the provisions of Section 16 of the Act.

3.4 The prosecution data (Annexure A) states that as-filed claims have been
examined and pursuant to examiner’s objections the applicant amended the
claims. The opponent states that the act of re-filing the claims once rejected
during prosecution as a divisional reflects the malafide intentions of the
applicant. Moreover the impugned patent application 1s not truly a divisional
application per Section 16 of the Act. The impugned patent application
essentially reflects unhealthy attitude of the applicant towards the patent
system. The applicant by this patent application 726/MUMNP/2009 therefore
is making a back door entry to get a patent for the claims once refused. This is
strictly against the objectives of Section 16 of Indian Patent Act. Permitting
such practice would place undue strain on the patent office that would have to
keep re-examining the same application over and over again.

3.5 The opponent states that the applicant has tried to misguide the Ld. Controller
and the public at large. In all likelihood the wrongful act may not have come
to the notice of the Ld. Controller at all in the absence of the present
opposition. It is stated that this is an act of malice by the applicant as they are

claiming lopinavir and ritonavir under several applications which is not
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permitted by law. Such an action besides being wholly contrary to law is an
act of fraud commissioned against the Government of India and the public of
India as well with the wrongful intention of creating a monopoly for the
alleged invention for which no patent can be granted in India since it is
obvious and lacks inventive merit and falls under the mischief of section 3(d)
of the Patents Act. Therefore it is stated that the impugned application merits
refusal in limine without any further consideration of the grounds of

opposition on which the present opposition is based.

4. PRIOR ART RELIED ON
e Exhibit 1: US6599528 entitled “Mechanically stable pharmaceutical

presentations form containing liquid or semisolid surface-active
substances™ published on July 29, 2003.

o Exhibit 2: WO0O0134119 entitled “Inhibitors of Crystallization in a
Solid Dispersion” published on May 17, 2001.

o Exhibit 3: WO0074677 entitled “Improved Pharmaceutical
Formulations™ published on December 14, 2001.

o Exhibit 4: W0199744014 entitled “Antifungal Compositions with
Improved Biocavailability” published on November 27, 1997.

» Exhibit 5: “Physical Properties of Solid Molecular Dispersions of
Indomethacin with Poly(vinylpyrrolidone) and Poly(vinylpyrrolidone-
co-vinyl-acetate) in Relation to Indomethacin Crystallization” by
Takahiro et al published in Pharmaceutical Research Volume 16, No.
11, 1999.

5. ANALYSIS OF THE APPLICANT’S SPECIFICATION
5.1 The patent application 726/MUMNP/2009 under opposition was filed on

April 15, 2009 and was accompanied by a complete specification. The
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impugned application was published in the Official Journal of the Indian
Patent office dated May 22, 2009 under section 11(A) of the Indian Patent
Act.

5.2 The impugned application is directed to solid pharmaceutical dosage form
comprising an HIV protease inhibitor and a process for its preparation. The
impugned application further states that HIV | and HIV 2 are identified as
virus causing AIDS and that HIV protease is an attractive target for HIV
treatment, The impugned application states that aqueous solubility of drug is
an important factor affecting bioavailability of a pharmaceutical agent on page
1, lines 20-line 25.

5.3 The applicant on page 1 lines 28-30 states that solid dosage forms are
preferred over liquid dosage form and that in most instances oral solid dosage
form of a drug provide a lower bioavailability than oral solution- of the drug.
The applicant on page 2, lines 13-15 states that the need of the invention is
improved oral solid dosage forms of HIV protease inhibitor with suitable oral
bicavailability and stability.

5.4 The applicant on page 4, lines 25-28 admittedly states that HIV protease
inhibitors of US5914332 may be formulated in the dosage form of the
impugned application.

5.5 Specification of the impugned application is summarized as:

i.  Page 2, lines 23-31 - ‘Solid Dispersion’ is defined as a system m a
solid state comprising at least two components wherein one
component is dispersed evenly through out the other component or
components and when the system in solid dispersion is chemically and
physically uniform or homogenous throughout or consists of one
phase then it is referred as “solid solution™ or a “glassy solution™.

ii.  Page 3, lines 7-15 - specifies the content of HIV protease inhibitor,
water soluble polymer, surfactant and additives in terms of percentage

by weight of total dosage form. The applicant then further lists out the
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compounds like Ritonavir, Lopinavir, etc that may be used in
impugned invention.

iii.  Page 4, line 19 — the applicant gives reference to US Patent No.
5542206 and US Patent No. 5648497 which discloses ritonavir along
with other HIV protease inhibitors and methods for preparation of the
said compounds.

iv. Page 4, line 28 - the applicant gives reference to US Patent No.
5914332 which discloses lopinavir along with other HIV protease
inhibitors and methods for preparation of the said compounds.

v.  Page 6 and page 7 - list the non-ionic surfactants that may be used in
the impugned invention. it further states that surfactant with HLB 4 to
10 are suitable for use in the present invention. Further, page 7, line 9,
states that among various surfactants, sorbitan fatty acid mono esters
like sorbitan mono laureate and sorbitan monopalmitate are
particularly preferred.

vi. Page 7, line 30-states that water soluble polymers with Tg from about
80°C to about 180°C are preferred as they allow preparation of solid
dispersion that are mechanically stable. Page 8, line 21-30 and page 9
of the specification lists out possible water soluble polymers that may
be employed in the impugned invention.

wii. Page 9, lnes 24-25 — disclases ather additives like flaw regulatars,
lubricants, bulking agent and disintegrants that may be used and
further refers to the examples each known to a person skilled in art.

viii.  Page 10, line 5 — reference is made to various techniques like melt-
extrusion, spray drying and solution evaporation for the preparation of
the solid solution wherein melt extrusion is preferred.

ix. Page 13, line 22 - provides exemplary composition for
ritonavir/lopinavir in combination and ritonavir alone. It further states

the composition being made by melt extrusion technique.
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x. Page 15, line 11 - discloses the protocol for oral bicavailability
studies. [t further provides comparative example with and without
surfactant and infers that surfactant with HLB 4-10 improved the
bioavailability of the oral dosage form.

5.6 Problem: The applicant states that HIV protease inhibiting compounds have
poor bioavailability due to poor agueous solubility and that there is continuing
need for development of improved oral solid dosage forms for HIV protease
inhibitor with suitable oral bioavailability and stability.

5.7 Solution: The applicant by the impugned invention provides a solid
pharmaceutical dosage form comprising solid dispersion of at least one HIV
protease inhibitor in a pharmaceutically acceptable water soluble polymer and
pharmaceutically acceptable surfactant. The applicant states that they have
developed an improved oral solid dosage form for HIV protease inhibitor

having improved oral bioavailability and stability.

6. BRIEF REVIEW OF APPLICANT’S CLAIMS
6.1 The impugned application for patent application no. 726/MUMNP/2009 dated

April 15, 2009 was accompanied by a complete specification and a statement
of 37 claims annexed hereto as “Annexure B” for ready reference.

6.2 Claim 1 is directed to solid pharmaceutical dosage form comprising solid
dispersion of HIV protease inhibitor; surfactant; and water soluble polymer
with Tg of at least 50 °C.

6.3 Claim 2 is dependent on claim 1 and is directed to glassy solution or solid
solution of HIV protease inhibitor.

6.4 Claim 3 is a dependent on claim 1 and directed to surfactant with HLB value
from about 4 to 10.

6.5 Claim 4 is dependent on claim 1 and is directed to combination of a
pharmaceutically acceptable surfactant having HLB value from about 4 to 10

and another pharmaceutically acceptable surfactant.
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6.6 Claim 5 1s specifically directed sorbitan fatty acid ester as the surfactant.

6.7 Claim 6 is dependent on claim 1 and relative to the weight of the dosage form
comprises about 5 to about 30 % by weight of HIV protease inhibitor, from
about 50 to about 83 % by weight of said water-soluble polymer, from about 2
to about 20 % by weight of surfactant, and from about 0 to about 15 % by
weight of additives.

6.8 Claim 7 is dependent on claim 1 and is directed to known HIV protease
inhibitors.

6.9 Claim 8 is dependent on claim 1, and is specifically claims ritonavir as the
HIV protease inhibitor,

6.10 Claim 9 is dependent on ciaim 8 and is directed to dosage form showing
dose-adjusted AUC of ritonavir in dogs with plasma concentration of least
about 9 ug.h/m!/100 mg.

6.11 Claim 10 is dependent on claim 1 and is directed specifically to lopinavir as

the HIV protease inhibitor.

6.12 Claim 11 is dependent on claim 10 and is directed to dose-adjusted AUC, in
dogs under non- fas;[ing conditions, of lopinavir plasma concentration of at
least about 20 g. h/mi/100 mg.

6.13 Claim 12 is dependent on claim 1 and specifically relates to combination of
HIV protease inhibitors; lopinavir and ritonavir.

6.14 Claim 13 is dependent on claim 12 and is directed to dose-adjusted AUC of
ritonavir plasma concentration as 9 pg.h/ml/100 mg and lopinavir plasma
concentration as 20 pg.h/ml/100 mg in dogs.

6.15 Claiml4 is dependent on claim 1 and is directed to water-sojuble polymer
having Tg in the range of 80 to 180 °C.

6.16 Claim 15 is dependent on claim 1 and is directed to water soluble polymer
being homopolymer or copolymer of N-vinyl pyrrolidone.

6.17 Claim 16 15 dependent on claim 1 and is directed to copolymer of N-vinyl

pyrrolidone and vinyi acetate as the water soluble polymer.
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6.18 Claim 17 is dependent on claim 1 and directed to solid dosage form
containing at least one additive selected from flow regulators, disintegrants,
bulking agents and lubricants.

6.19 Claim 18 is dependent on claim 1 and is directed to content of HIV protease
inhibitor on storage for about 6 weeks at 40 °C and 75% humidity which is
about 98% of the initial content.

6.20 Claim 19 is dependent on claim 1, and claims a process of preparation of
solid dispersion product comprising preparation of homogenous melt of HIV
protease inhibitor, water soluble polymers and surfactant foilowed by
solidification of the melt to obtain solid dispersion product.

6.21 Claim 20 is dependent claim 19 and additionally comprises grinding of the
solid dispersion product of claim 19 followed by compressing to solid
dispersion product as tablet.

6.22 Claim 21 is dependent on claim 1 and is directed to method of treating an
HIV infection.

6.23 Claim 22 is an independent claim and is directed to solid pharmaceutical
dosage form comprising ritonavir, a homopolymer of N-vinyl pyrrolidone;
and a sorbitan fatty acid ester.

6.24 Claim 23 is dependent on claim 22 and is directed to solid dosage form
containing at least one additive selected from flow regulators, disintegrants,
bulking agents and lubricants.

6.25 Claim 24 is an independent claim and claims solid pharmaceutical dosage
form comprising lopinavir, a copolymer of N-vinyl pyrrolidone and sorbitan
fatty acid ester.

6.26 Claim 25 is dependent on claim 24 and is directed to solid dosage form
containing at least one additive selected from flow regulators,-disintegrants,

bulking agents and lubricants.

10
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6.27 Claim 26 is an independent claim and claims solid pharmaceutical dosage
form comprising ritonavir and lopinavir, a copolymer of N-vinyl pyrrolidone
and vinyl acetate and sorbitan fatty acid ester.

6.28 Claim 27 is dependent on claim 26 and is directed to solid dosage form
containing at least one additive selected from flow regulators, disintegrants,
bulking agents and lubricants.

6.29 Claim 28 is an independent claim directed to solid pharmaceutical dosage
form comprising ritonavir about 5 % to about 30 % by weight, a
homopolymer of N-vinyl pyrrolidone from about 50 % to about 85 % by
weight of the dosage form; and a sorbitan fatty acid ester from about 2 % to
about 20 % by weight of the dosage form.

6.30 Claim 29 is dependent on claim 28 and is directed to solid dosage form
containing at least one additive selected from flow regulators, disintegrants,
bulking agents and lubricants.

6.31 Claim 30 is dependent on claim 29 and relates concentration of additive in
being in the range of about 0% to 15% by weight.

6.32 Claims 31 is an independent claim directed to solid pharmaceutical dosage
form comprising lopinavir about 5% to 30%, copolymer of N-vinyl
pyrrolidone from about 50 % to about 85% by weight of the dosage form: and
a sorbitan fatty acid ester from about 2% to about 20% by weight of the
dosage form.

6.33 Claim 32 is dependent on claim 31 and is directed to solid dosage form
containing at least one additive selected from flow regulators, disintegrants,
bulking agents and lubricants.

6.34 Claim 33 is dependent on claim 32 and relates concentration of additive
being in the range of about 0% to 15% by weight.

6.35 Claim 34 is an independent claim and claims a solid pharmaceutical dosage

form comprising ritonavir and lopinavir at about 5 % to about 30 % by

weight, a copolymer of N-vinyl pyrrolidone and vinyl acetate from about

11
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50% to about 85% by weight of the dosage form; and a sorbitan fatty acid
ester from about 2% to about 20% by weight of the dosage form.

6.36 Claim 35 is dependent on claim 34 and is directed to solid dosage form
containing at least one additive selected from flow regulators, disintegrants,
bulking agents and lubricants.

6.37 Claim 36 is dependent on claim 35 and relates concentration of additive

being in the range of about 0% to 15% by weight.

6.38 Claim 37 is directed to method of treating an HIV infection.

7. OBVIOUSNESS AND LACK OF INVENTIVE STEP (U/s 25 1 (e))

7.1 The opponent relies on US6599528 annexed hereto as Exhibit-1. Exhibit 1 is
published on July 29, 2003 and therefore is a permissible and a valid prior art.
The opponent states that mechanically stable oral pharmaceutical composition
of active ingredients along with a melt-processable matrix-forming excipient
and surface-active substance with an HLB value of about 2 to 18 is taught in
Exhibit 1. Exhibit 1 teaches solid dispersions with active ingredients in the
form of molecular dispersions in excipient as advantageous for increasing the

bioavailability. Exhibit 1 on column 2, lines 3-10 states that it is crucial to

achieve optimal absorption rate for active ingredients of low solubility that

crystallize readily and to achieve rapid and sufficiently long lasting

solubilization in the aqueous medium of the digestive tract without instance of

recrystallization. This can be achieved by addition of surface active substance
and that this is generally known per se.

7.2 The opponent states that active ingredients of exhibit 1 are the ones with low
solubility or low bioavailability (column 2, line 51-53) and includes protease
inhibitors. Exhibit 1 on column 1, last 3 paragraphs teaches characteristics of
an active Ingredient with regards to solubility and bioavailability in solid

dispersion. Moreover the active ingredients of resulting drug forms of exhibit

12
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1 as per column 4, lines 52-58 are amorphously embedded. The preferable

drug form is a solid dispersion wherein the active ingredient is in the form of

molecular dispersion. Secondly, the surface active agents of Exhibit 1 have

HLB value of 2 to 18 in the range of 10% to 40%. The surface active agents
of Exhibit 1 as per column 3, lines 3 include sorbitan fatty acid esters.
Moreover sorbitan fatty acid esters are known to have HLB value of 2- 10.
The third aspect of the Exhibit 1 is referred as “melt-processable matrix
excipient.” The matrix forming polymers homo- and copolymers of N-
vinvlpyrrolidone such as polyvinylpyrrolidone with vinyl carboxylates such as
vinyl acetate or vinyl propionate, for example copovidone (VP/VAc-60/40) are
taught in Exhibit 1. The opponent therefore states that melt processable matrix
excipient is similar to the matrix forming polymer component of the
impugned application.

7.3 The process of preparation of drug forms of Exhibit | involves melt process
carried out in kneader or screw extruder (column 3, line 65). The starting
material of Exhibit 1 are processed together to form a melt which is then
passed through open extruder head, and after solidification, followed by
grinding and compression on tablet press (column 4, line 34-36). The
opponent states that the solid dosage form of the impugned application are
also prepared by preparing a homogenous melt of HIV protease inhibitor,
water soJuble polymer and surfactants followed by melting and solidification
to give a solid dispersion product. The resulting solid dispersion is then
compressed into tablet after grinding.

7.4 The opponent further states that Exhibit 1 and the impugned application have
following features in common:

* Poorly soluble active ingredients (includes protease inhibitor).

13
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e Surface active agent with HLB 2-18; 10% to 40%; sorbitan fatty acid
esters (HHLB from 2 to about 10) and ethoxylated sorbitan fatty acid
esters (HLB from about 10 to 18).

e Matrix forming polymer; homopolymers and copolymers N-
vinylpyrrolidone, or copolymers with vinyl carboxylates.

¢ Process of preparation of solid dispersion by melt extrusion followed
by compression in to tablet after solidification and grinding.

7.5 Claim 1 of the impugned application claims, “A solid pharmaceutical dosage
form which comprises a solid dispersion of at least one HIV protease
inhibitor and at least one pharmaceutically acceptable water-soluble polymer
and at least one pharmaceutically acceptable surfactanmt, said
pharmaceutically acceptable water-soluble polymer having a Tg of at least
about 50 °C”. The opponent states that all attributes of the claimed invention
are present in Exhibit 1.

7.6 The opponent further states that both Exhibit-1 and the application under
opposition are assigned to same applicant and have common inventors. The
present application is therefore a mere extrapolation of teachings of exhibit 1
to protease inhibitors. The only difference between Exhibit 1 and the
impugned patent application is that Exhibit 1 does not exemplify the protease
inhibitors claimed in the impugned application. The said document howeve_:r
undoubtedly teaches application of the technology to protease inhibitors in
general. Also in light of remarkable resemblance between the formulation of
Exhibit 1 and the impugned application, the impugned application is devoid of
inventive merit.

7.7 The opponent states that Exhibit 1 teaches enhancement of bioavailability of
poorly soluble drugs including HIV protease inhibitors by preparing solid
dispersion of active along with surfactant and melt processable polymer. This

according to the opponent is the key feature of the impugned application;
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already known in the art. The opponent states that variation in the
concentration of the ingredient is within the pur.view of the skilled artisan

7.8 The opponent states that the HIV protease inhibitors disclosed in Exhibit 1
have poor aqueous solubility and thereby low bioavailability. This is
addressed by formulating the drug as solid dispersion in a water soluble
polymer and a surfactant with HL.LB 2-18 prepared by melt extrusion. The
impugned application too encounters the same problem of low bioavailability
of poorly soluble HIV protease inhibitor which is addressed by preparing
solid dispersion in a manner similar to that in Exhibit 1.

7.9 The opponent states that the active ingredient viz. poorly soluble HIV
protease inhibitors, water soluble polymers, surfactant/solubilizing agent,
process of preparation on which the impugned application is based is already
taught in prior art by way of Exhibit 1. Thus solution to the problem of
enhancing bioavailability of poorly soluble actives is disclosed in the prior art.
The impugned application is therefore a mere application of the teachings of
prior art to specific HIV protease inhibitors and is therefore devoid of
inventive merit.

7.10 WO0200134119 entitled “Inhibitors of Crystallization in a Solid Dispersion™
is annexed herewith as Exhibit 2. Exhibit 2 is published on May 17, 2001 and
is therefore permissible as a valid prior art. Exhibit 2 discloses solid
dispersion comprising HIV protease inhibitors-ritonavir and/or lopinavir in
water soluble carrier polyethylene glycol and polyvinylpyrrolidone and
surfactant. Exhibit 2 on line 3-5, page 6 states the need of a stable solid
dispersion of pharmaceutical formulation which demonstrates lack of
crystallization. Exhibit 2 specifically relates to dispersion of amorphous drug
within the matrix that does not crystallize. Crystallization is undesirable as it
causes loss of desired properties and reduces the shelf life (on page 10 line 10-
16}. The opponent states that the polymer matrix of Exhibit 2 involves two

components viz. polyethylene glycol (PEG) as hydrophilic matrix and

I5
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polyvinylpyrrolidone (PVP) as hydrophilic amorphous polymer. In other
words dispersion in Exhibit 2 is brought about by PEG and PVP together.
Moreover, as per Exhibit 2 addition of PVP is beneficial as it increases the
amorphous volume of the matrix where the drug reside.

7.11 Exhibit 2 teaches preparation of solid (molecular) dispersion on page 11 and
12; comprising HIV protease inhibitor by dissolving/dispersing the HIV
protease inhibitor in an organic solvent followed by dispersion in to a suitable
water soluble carrier (PEG/PVP). The organic solvent after evaporation leaves
the drug dispersed in the molten matrix, which is allowed to solidify. The
drug is dispersed in the resultant matrix. The solid mass is further grounded,

sized and dispensed as gelatin capsules or potentially compressed into a tablet.

The opponent further states that ABT-538 (rilonavir) is disclosed as
compound of formula [ on page 14 last paragraph and on page 19 as example
I A as ritonavir dispersion preparation. The other HIV protease inhibitor of
Exhibit-2 is ABT-378 (i.e. lopinavir), disclosed on page 20 as Example B.
The solid dispersion of example B is prepared in 10% to 20% of PVP. Thus
solid dispersion of HIV protease inhibitors comprising ritonavir and lopinavir
are taught by Exhibit 2. The opponent further states that method of
preparation using an organic solvent like ethanol as Exhibit 2 is referred as
‘solution evaporation’ in the impugned application on page 10, line 5-6. The
opponent states that solid dispersion of HIV protease inhibitor lopinavir and
rilonavir by matrix forming polymer that may be compressed as a tablet is
known in prior art from Exhibit 2. Also addition of surfactant and water
soluble polymer as PVP is taught in Exhibit 2.

7.12 The opponent further states that solid dispersion of Exhibit 2 is prepared
with PVP and PEG as matrix in which the amorphous drug is dispersed. The
formulation of Exhibit 2 as per the abstract can be made as tablet and
hard/soft gelatin capsules. The same is also stated on page 12, lines 19-23 as

“By improving the dissolution of poorly water soluble drug, the drug in a
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suitable carrier may be filled into a gelatin capsule as solid, or the matrix may
potentially be compressed into a tablet.” Replacement of PVP of Exhibit 2
with other water soluble polymers like copovidone to make solid dispersion
cannot impart inventive merit. However, the opponent contends that solid
dosage forms of HIV protease inhibitors are already been known in the prior
art as soft gelatin capsule and oral solutions manufactured by the applicant
itself. The applicant has come up with alternative dosage form as tablet. Thus
in lieu of teaching of Exhibit 2 the impugned invention is devoid of inventive
merit. )

7.13 The opponent relies on WO00/74677 entitled “Improved Pharmaceutical
Formulations™; annexed herewith as Exhibit 3. Exhibit 3 is published on
December 14, 2000 and is permussible as a valid prior art. Exhibit 3
specifically relate to pharmaceutical composition of ritonavir and other
protease inhibitors like lopinavir, indinavir, saquinavir, nelfinavir. The
pharmaceutical compositions of Exhibit 3 are dispensed as soft elastic gelatin
capsule (bridging paragraph of pg 14-15).

7.14 The opponent states that the impugned application is therefore just an
alternative solid dosage form of known substances without any surprising
properties over the existing formulation. The opponent states that preparation
of solid dispersion of protease inhibitor as tablet formulation can only be
regarded as workshop improvement and not a patentable subject matter. The
opponent therefore states that the impugned application is obvious and devoid
of inventive merit.

7.15 WO199744014 entitled “Antifungal Compositions with Improved
Bioavailability” is annexed herewith as Exhibit 4. Exhibit 4 is published on
November 27, 1997 and is therefore permissible as a valid prior art. Exhibit 4
relates 1o antifungal compositions with improved bioavailability as once daily
dose independent of the food intake. The composition of exhibit 4 is obtained

by melt-extruding a mixture comprising itraconazole and appropriate water

[7

¥ 5 aUG 2010



soluble polymer followed by milling of the melt-extruded mixture. Also the
active ingredient of Exhibit 4 is practically insoluble in water (page 1, line
14). The opponent states that the object of Exhibit 4 is to prepare a
pharmaceutical dosage form that can be administered to a patient at any time
independently of the food taken i.e. can be administered in a fasted state (page
3, line 13) and that it does not convert in to a crystalline form which is not
readily bio-available (page 3, line 25-26). This object is achieved by preparing
a solid dispersion comprising water soluble polymers. Also the itraconazole of
Exhibit 4 is in non-crystalline phase as this has intrinsically faster dissolution
rate than its microcrystalline or crystalline form. The opponent states that the
description of the invention of Exhibit 4 bear surprising resemblance with the
impugned application in terms of definition of term ‘solid dispersion,” (page
4, lines 5 to7) and various techniques for preparation of solid dispersion (page
4, lines 31-32). Moreover the process of preparation of solid dispersion as
claimed in claim 19 of the impugned application is taught in Exhibit 4 on page
4, lines 35-38 and page 5, lines 1-2 , reproduced as

“The melt-extrusion process comprises the following steps:
a) mixing the components (a) and (),
b) optionally blending additives with the thus obtained mixture,
¢) heating the thus obtained blend until one obtains a homogenous mell,
d) forcing the thus obtained melt through one or more nozzles; and
e} cooling the melt till it solidifies.”

7.16 The opponent states that preferable water soluble polymers of Exhibit 4
include polyvinylpyrrolidone, copolymers of polyvinylpyrrolidone with vinyl
acetate {page 7, line 14). Exhibit 4 on page 14 lines 25-29 states an
observation on food effect with Sporonox (itraconazole) capsules and tablets
of Exhibit 4. It was observed that the difference between taking the
medication after the meal or in fasted state was significantly less when tablet

of Exhibit 4 was administered than with Sporonox Capsules.
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7.17 The opponent states that Exhibit 4 teaches solid pharmaceutical dosage
form (tablets) of a poorly soluble drug (that does not crystallize when
formulated) by solid dispersion technique. The impugned application too
teaches solid pharmaceutical dosage form of poorly soluble drug in non
crystalline form prepared by solid dispersion technique.

7.18 Exhibit 4 teaches that the solid dispersion is in the form of a solid solution
comprising drug (a) and water soluble polymers (b). As regards to water
soluble polymers, polyvinylpyrrolidone  and copolymers of
polyvinyipyrrolidone with vinyl acetate have been stated to be suitable in
terms of physico-chemical properties. Exhibit 4 thus teaches every aspect of
the impugned patent application. Exhibit 4 teaches beyond doubt that capsule
form of an active to be taken after meals may be replaced by a tablet made by
melt extrusion of a solid solution of the active in a water soluble polymer and
that the said tablet would be independent of the fed condition of the patient.

7.19 The opponent relies on “Physical Properties of Solid Molecuiar Dispersions
of Indomethacin with Poly(vinylpyrrolidone) and Poly(vinylpyrrolidone-co-
vinyl-acetate) in Relation to Indomethacin Crystallization™ by Takahiro et al
published in Pharmaceutical Research Volume 16, No. 11, 1999; annexed
herewith as Exhibit 5. The opponent states that Exhibit 5 relates to amorphous
molecular dispersions of poorly water soluble drug with PVP, PVP/VA as
polymers. The introduction of Exhibit 5 affirms that crystalline drugs exhibit
very poor water solubility and have inadequate bioavailability when
administered as a solid dosage form and that conversion of such a drug to
amorphous state offers improved dissolution and bioavailability. Exhibit 3
further states that amorphous state being metastable, the drug tends to
crystallize under certain conditions of temperature and relative humidity
during storage {on page 1722, paragraph 1 of right column). Exhibit 5 further
states that from a pharmaceutical perspective it is necessary to add excipient

to retard tendencies of instability. Also, mechanism of crystallization
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inhibition is taught on page 1722, paragraph 2 of right column as “The basic
premise is that the molecular di;spersion will have Tg greater than that of the
drug alone, and hence that the molecular mobility of drug will be reduced,
therefore reducing tendencies for crystallization. In particular. polymeric
excipients with high Tg values would appear to provide the basis for
accomplishing these objectives.” Exhibit 5 also teaches on last paragraph on
page 1722 that amorphous system tends to exhibit optimal conditions for
nucleation and crystal growth above Tg where molecular mobility is greater
and that crystal form is to be inhibited during storage. Further more, teaching
of Exhibit 5 is directed to facilitate storage at room temperature as low
temperature storage is not practical.

7.20 The opponent states that behavioral pattern of the drug of Exhibit 5 is
similar to that of the impugned apptication. The opponent further states that
Exhibit 5 teaches PVP/VA as the polymers for solid dispersion for poorly
soluble drug to arrest/inhibit crystallization of the drug. In other words,
exhibit 5 is addressing similar set of problems as purportedly faced by the
impugned application as regards to formulation, stability and storage. The
opponent contends that it is the teachings of Exhibit 5 that are one of the
crucial elements affecting inventive merit of the impugned application.

7.21 It is stated that soft gelatin capsules of lopinavir/ritonavir as known by
Exhibit 3 required refrigeration. In view of disclosures of exhibit 5,
application of its teachings to Exhibit 3, a person skilled in the art will arrive
at the impugned application. The opponent, therefore, states that the
impugned applicant lacks inventive merit on the face of teachings of Exhibit 5
alone and in combination with other Exhibits Spéciﬁcally Exhibit 3.

7.22 The opponent further states that the contention of the applicant as regards
the BCS classification status of HI'V protease inhibitors (Class I'V drugs) is an
after thought raised by the applicant in reply statement and during the hearing

of the parent application to escape non-inventiveness of the alleged invention.
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Had this been the case, the same ought to have been reflected in the
specification. A person skilled in the art will certainly carry out experiments
to see if known techniques help to resolve problems rather than exploring
unknown avenues. Evidently Exhibit 4 identifies the problem similar to the
one faced by the applicant and the solution sought in the prior art is nothing

" but the same as that resorted to by the applicant by way of the impugned
application. Thus, the impugned application is devoid of inventive merit with
regards to disclosure of Exhibit 4. The opponent craves leave to rely on
written arguments and reply statement in respect of parent application at the
time of hearing.

7.23 The opponent further states that Exhibit 1 teaches mechanically stable solid
oral pharmaceutical compositions (tablets) of HIV protease inhibitors having
low aqueous solubility comprising pharmaceutically acceptable polymers and
surface active agents prepared by process of molecular dispersion/melt
extrusion. Exhibit 2 teaches solid dispersion of lopinavir and/or ritonavir
having low solubility hence low bioavailability. Exhibit 4 teaches solid
dosage form (tablet) of practicaliy insolubie drug in non-crystalline form
prepared by solid dispersion/melt extrusion irrespective of food intake.
Exhibit 5 specifically teach inhibition of crystallization with PVP/VA as solid
dispersion polymers and its storage at room temperature. The opponent states
that it is obvious for a person skilled in the field of pharmaceutics to formulate
solid dispersion of poorly soluble HIV protease inhibitors like ritonavir and
lopinavir by combining the teaching of Exhibit 1 alone and / or in
combination with Exhibit 2, Exhibit 3, Exhibit 4 and Exhibit 5.

7.24 The opponent therefore states that the impugned applicant is devoid of
inventive merit over multiple documents singularly and in combination with
one another as shown above. It is further stated that given the fact that these

teachings were available to a skilled artisan prior to the priority date of
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application under opposition; the claims of the impugned application are

obvious and devoid of inventive step and ought to be rejected outrightly.

8. NOT AN INVENTION /NOT PATENTABLE (U/S 25 (1) (f))

8.1 The impugned application claims an invention not patentable as per 25 (1) (f)
and Section 3 (d). The opponent states that the impugned application is
directed to solid dosage form of HIV protease inhibitors like lopinavir,
ritonavir, indinavir, saquinavir, nelfinavir.  The opponent states that
pharrhaceutical formulations of HIV protease inhibitors as stated in the
impugned application were known and disclosed in Exhibit 3 before the date
of priority. Moreover US-FDA approved Kaletra (lopinavir/ritonavir) capsule
on September 15, 2000. The label is annexed herewith as Annexure C. The
soft gelatin capsules of HIV protease inhibitor viz. lopinavir and ritonavir
were thus available before the date of priority of the impugned application.

8.2 Section 3 (d) of the Act states that “the mere discovery of a new form of a

known substance which does not result in_the enhancement of the known

efficacy of that substance or the mere discovery of any new property or new
use for a known substance or of the mere use of a known process, machine or
apparatus unless such known process results in a new product or employs at
least one new reactant. Explanation.- For the purposes of this clause, salts,
esters, ethers, polymorphs, metabolites, pure form, particle size, isomers,
mixtures of isomers, complexes, combinations and other derivatives of known

substance shall be considered o be the same substance, unless they differ

significantly in properties with regard to efficacy.”

8.3 The opponent states that as per the statutory requirement of Section 3 (d) of
the Patent Act, the applicant of the impugned application will need to

demonstrate enhanced therapeutic efficacy with respect to known
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pharmaceutical formulations of Exhibit 3. In absence of which the impugned
application cannot be held as patentable.

8.4 The opponent states that presentation of the same combination of the active
ingredients albeit through a new type of formulation, that too without any
enhancement in therapeutic efficacy cannot be held patentable under the
provisions of section 3(d) of the Act.

8.5 The impugned application claims an invention not patentable as per section 3

" (e). The opponent states that the claimed invention falis under the mischief of
section 3(e} which clearly states that a substance obtained by a mere
admixture resulting only in the aggregation of properties of components
thereof are not patentable. Evidently, the applicant has failed to demonstrate
any satisfactory synergy between the actives of the composition. In absence of
any data on synergy, the composition is thus a mere admixture of known
active agents. The application is therefore liable to be rejected on this ground
alone.

8.6 The opponent states that claim 37 of the impugned application relates to
administration of solid dosage form to a mammal in need of treatment for
HIV infection. The opponent therefore states that the claimed invention
clearly falls under the mischief of Section 3 (i) which states that “any process
for the medicinal, surgical, curative, prophylactic diagnostic, therapeutic or
other treatment of human beings or any process for similar treatment of
animals to render them free of disease or to increase their economic value or
that of their products™ is not patentable. The application is liable to be rejected
on this ground also.

8.7 The opponent states that the claimed invention does not meet the requirement
of Section 2(1)(ja) being devoid of inventive step as according to definition
of Inventive step, the invention should be a technical advancement over the
prior art or it should show economical significance or both and should not be

obvious to a person skilled in the art. The opponent states that the applicant’s
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invention is neither a technical advancement for the reasons apparent from the
pleadings under the ground of lack of inventive step which is adopted herein

and not repeated here for the sake of brevity.

9. INSUFFICIENCY (U/S251 {(i))

9.1 The claims of the impugned application are not fairly based on the disclosures
of the impugned application. The opponent states that claim 1 of the
impugned application is directed to HIV protease inhibitor. The dependent
claim, claim 7 claims around 24 HIV protease inhibitors. The description
provides only two exemplary compositions viz, lopinavit/ritonavir and
ritonavir, The claims are therefore not fairly based. Also the embodiment of
the impugned application does not provide the specific process parameters
followed for a particular active ingredient. It is thus implied that the invention
will work in ways more than one.

9.2 The opponent states that a disclosure has to have enablement. In other words
the disclosure has to be such as to enable the public to make or obtain the
invention. This is not the case with the impugned application. Therefore, the
ground of insufficiency is established and application is liable to be rejected

on this ground also.

10. SECTION 8 (U/S 25 1 {(h))

10.1 The applicant is required to provide all the information regarding the
prosecution of his equivalent applications till the grant of his Indian
application to the Controller in writing from time to time and also within the
prescribed time which the applicant has failed to do.

10.2 The opponent states that the corresponding equivalent of the impugned

application in major patent offices viz. European Patent Office is under
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prosecution. It is to be noted that US2005048112 has been abandoned due to

failure to reply to office action.

10.3 The applicant has not furnished statement and undertaking under section 8,

therefore the applicant has failed to comply with the requirements of the

section & of the Act and the opponent demands rejection on this ground also.

11. RELIEF SOUGHT

11.1 The opponent states that it has established and made out a case on each of

the aforesaid grounds of opposition and pray to the Ld. Controller for the

following relief(s),

1)
2)

3)

4)
5)
6)
7

Take the representation on record

A copy of reply statement and amended claims, if any to be
fumished;

Leave to file supplementary representation in the event that
such amendments are made to the application which are not
adequately covered in the present representation;

Leave to file further evidence;

Grant of hearing;

Refusal of the application in toto;

Such other relief or reliefs as the Controller may deem

appropriate.

Dated this the 5™ day of August 2010

To,

i
Mythil: Venkatesh
Of S. Majumdar & Co.
Opponent’s Agent

The Controller of Patents

The Patent Office
Mumbai
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Enclosures: Annexure A
Annexure B
Exhibit 1
Exhibit 2
Exhibit 2
Exhibit 3
Exhibit 4
Exhibit 5

Annexure C
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Beside Antop Hill Post office, S.M. Road,
Mumbai - 400037

e fLetter No. RTI ACT 2005/POM/2009/ 43 4 1 R /Date: 09.07.2009.

To,

M/s 8, Majumdar & Co.

202, Elecon Chambers, Behind Sakinaka Tel, Ex
Off Kurla —Andheri Road

Saki Naka, Mumbai 400072

JuL 2009
S1w U W LS

SUBJECT: RTI application secking information regarding

REFERENCE : Your RTI request dated 29.06.2309
Sir,

It is to inform you that as per your RTI request dated 29.06.2009 the requisite
information is given below:

Application No ¢ 339 MUMNP/2006

Date of filing :24/.03/.2006
a)‘FL;t examination report issued on dated 9.10.2007 response filed on 17.07.2008
b) Further process of per- grant opposition under process

2) Copies of examination reparts issued-- provided

3) Copies of the response filed-- provided

Encl: As above ( A.T. Patre )
Assistant Controller of Patents & Designs
Central Public Information Officer
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REF :- Patent Application No.339/MUMNPI2006 NE vJ D Ef._'-—HI' -13
NAME OF APPLICANT ;- ABBOTT LABQRATORIES

+ With reference to request no.870/RQ-MUM/2006 dt.24/03/2006 by you for examinalion, the above quoted application has
been examined under section 12 of the Patent Act, 1970 as amended and the First Examination Report containing a
statement of objection is forwarded herewith for compliance thereof. .

The documents eaclosed shall be resubmitted within 12{Twelve) months from the date of issue of the said report together
witlh your observation if any, in connection wilh the comgliance of the requirements af this first Examination Report,

The application referred to will be deemed to have been abandoned under section 21(1) uniess all the requirements imposed
by the said Act and the rules there under are complied with within the above said prescribed period.

The pages of the complete specification should be freshly typed wherever corrections of interpolation are made. The typed
pages in duplicate should be on white pages in order that clear phatocopies of the specuflcatlon can be prepared.The
ariginal pages in that case should be returned to this office duly cancelled,

itis in the interest of the applicant to comply with the requirements at the sarliest. - . 1

;.:_‘- (R S \,1;.: 3_}:-‘
{Dr8harana Gowd‘\)
Examiner of Palents & Designs
For Controller uf Patents & Designs
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LAST DATE: QOciober 9, 2008

' Out Ref: 14050 (P-12) July 17, 2008

The Cantroller of Patents .
The Patent Office
Mumbai
' Kind attn.: Dr. Sharana Gowda
Examiner of Patents & Designs

Re.: Indian patent application number 339/ MUMNTP /2006
Applicant;: Abbott Laboratories
Title: “Solid Pharmaceutical Dosage Form”

We wiite in continuation of our response to the First Office Acdon Dated 7 July

2008.

The first examination report with respect to said application was issued on gt
October 2007, There was a pre-grant oppositions raised by I-MAK and Cipla. The
response to both the oppositions and evidence was counered and faxed to the patent
officc on 8" January 2008 and 5° March 2008 respectvely. The response to the
examination report was couriered and faxed ro the patent office an 7" July 2008. A
hearing was requested as part of the response to the first examination reporrt as well

as the pre-grant opposiions,

We request the learned Controller 0 appoint us a hearing in the aforesaid mateer and
advice us accordingly.

Yours faithfully,

e

T Hans Gunar Singh, Arcounts Frod - Sanpa Abaema

Propnnaln of s Ders o7 BRI st
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LAST DATE: Gerober 9, 2048

Our Ref: 14050 (P-12) July 7, 2008

The Controller of Patents |,

The Patent Office e
Mumbai o %
i
Lo
\J Smpa «i\ b
Re.: Indian patent applicat o fiumber 339/MUMNP /2006
Bt ~Applicant: Abbott Laboratorieg
Title: “Solid Pharmaceutical Dosage Form?
Sir.

- S - .

I'hank you for the first examination report dated 9% Ocrober 2007 i respect of the above
application. Our submissions to the objectuons raised by the Tearned Examiner are as
foliows:

Para 1:

At the outset, we submit that the claims have been reviged and request the Learned
Controlier to consider and allow the revised set of claims.

The Fxaminer has held the subject matter of the claims under section 2(1)0) of the Iadian
Patrents (Amendment) Act, 2005 are not novel, m wiew of POT application no. WO
01/34119. The Learned Examiner has pointed to page 7 of the citadon being dicected to a
stable solid dispersion phammaceutical formulation compriSihg‘a pharmaceuncal compound
such as HIV protease inhibitor, a water soluble camer and 4 crymliizaion inhibitor such as
VT or HPMC and additionally pharmaceudcally accepiable ca;"ri(:rs, diluents or cxcipients.
We beg to disagree with the Learned Ixanuner and humbly submis that the claims of the
instant application arc novel in view of said crtations.
We humbly submit that WO 01/34119 discloses a solid dispersion comprising ritonavir
and/or lopinavir in a water-soluble carrier polyethyienc glycol (PEG), a crystallizaton
mhibitor polvvinvipy rrohdone_u’]’) and surfactants. How ever, WO 01/34119 dou- not
teach or suggest the'ﬁohd dﬂpcr‘;um. disctosed 1n the present igvention.
We would like to bring to the kind attention of the Leamed Beaminer that:

- The solid dispersion of the present invention etploys a water-soluble polymer

{e.gg., copovidone or PYP) o form an amorphous maniy in which ritonavir and

1T Heod - Guryar Singh, Accounts Heod - Sonjesy Share
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surfactanr(s) are distributed.  For instance, the polymer(s) emploved 1 the
present invention has a Ty of at least about 30"C. As appreaated by those skilled
m the arr, Tg {glass wansion temperature) only applies to polvmers in

amorphous state, not polymers in crystalline state. The addition of ‘iurfactﬂnt(s)

ter ihis ‘morphous matrix =,1gmt1caml‘. improves the bioavailabiliey of ronavir,
which 15 demonstrable on a comparisoa between cxamples -7 and o the
compatative example on pages 15-16 of the present application. In coatrast, the
solid dispersion system of WO 01/34119 employs 2 ¢rystalline matrix formed by
PEG {or other suitable non-amorphous polymers), and ritonavir resides in this
crysizlline matrix. PEG, when in amorphous state, has extremely low Tg. For
exampie, PEG 8000 used in WO01 /34119 has a Tg of — 55°C. See Table 2 of A,
Foiter et.al “Selection Of Excepirnts For Melt Extrusion \W1th Two Poorly Water-Soluble
Drugr By Sodubility Parameler Calewlation And Thermal Aualysis’, Iiterrational Journal
Of Pharmacentics226 (2001) 1471671 (Annexure 1)

In WO 01734119, PVP functions as a crystallizadon_inhibitor, as opposed
to a matrix builder, Therefore, the solid dispersion of the present invention

is entirely different from that of WO 01/34119,

- Specifically, WO 01/34719 on page 11, hncs 7-8, states that the
“bencfits of incorporating PVP into the PEG matrix are two
fold.” .

- WO 01/34119 on page 11, lines 11-16 further states that one
“benefit of adding PVP is an increase in amorphous volume of
the polymer matrix where drugs reside” and  “since
polyethylene glycols fend to be highly crvstalline, this increase
in amorphous volume could be imporwant for fast dissolution.”

Noz docs WO 01/34119 suggest that the crystalline matrix
could be replaced with an amorphous matrix.

- '\x[oreovcr in all the E.‘campics of \'\”/O 01 /341 19, the PVP over

formanon of the matnix. ?ec eg, pagc 17, hnc_ 21( "PI—. GiPVP
(95:5)"); page 20, linc 13/14 ("in 85:15 PEGEOXKIPVP"); page
20, hne 15/16 {"dispersions of 10 or 20% PVP 17PF ia PEG
8000 without drug™); page 21, lne 8/9 ("o the 90:10 PEG
BOUGPVP controf dispersion™); page 22, line 8/9 ("using the
80:20 PEGSB000PVP control dispersion” and page 23, line 21
{"for PEG:PVP (95:3)").

- Thercfore, the formulaton of WO 01/34119 is crysralling
matrix-based, which s fundamentally different from the
amorphous  martrix-based  formulaton  of  the  present
apphcadon. WO 01/34119 neither teaches nor suggests that
cronavir can be stabifized io an amorphous matrix, such as a
matrix formed by PYP or another amomphous polvmer.

3l
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L g a : : by
fo fact, W 01/34119 teaches away from the present invenaon which s supported by the
following facts:

- WO 01/34119 actually teaches away from using PVP matnx 10 geabilize
fitgnavir.  On page 11, lines 7-8, WO 01/34119 sates that the “beacfic of
iﬂcorpomting PVP into the PEG matsix are two fold,” indieating thal using PVP
alone would not enjoy the “nwo fold” benefits. )

- WO 01/34119, on page 11, lines 8-10, further explains the “bepefir of
iﬂ(:orporat:ing PVP into PEG?” as follows:
Firstly, processing PVP can be difficuli duc to its
hygroscopicity. Sccondly, when PVP dissolves 2 viscous layer
at the solid-liquid interface forms. This viscous repion can
hinder dissolution of the drug.

- Accordingly, WO 01/34119 teaches awdy from using PVP alone because of rhe
above-cited disadvantages.  Appatenty, these disadvantages had nor been
resolved at the time WO 01/34119 was filed. One of ordinary skill in the art
would consider that these benefits teach against using PVP as the principte
Carrier to form a drug-supporting matsix for the enhancement of bioavailabilicy.

Thus, in the Light of above submissions the inventon is clearly novel. We humbly request
the learned examiner to kindly waive off said objecuon.

Para 2:

“he examiner has held claims 1-37 obvious under section 2(1)(p) 11 view of documens D1-
24. We de nup agree with the learned Examiner’s objection.

‘he submission of para 1 clearly indicate that D1 (WO 01/34119) reaches away from thie use
f PVP in solig dosage formulations and therefore thus the instant invention ¢anno: e held
bvious in light of D1. -

Also combining U.S. Patent No. 4,769,236 (1D2) with WO 01/34119 (D1) would 4150 not
remedy the deficiency of WO 01/34119. Like WO 01/34119, the ‘236 patent does not
teach or Sugpest using a crystallization inhibitor such as PVP to form an amomphoys marrix
to stabilize tironavir,

- The 236 patent on column 2, lnes 3-6 states that “according to the invengon the
COnceniration of the inhibiting agent present at the ume of spraving is comprised
berween 1 and 30% with respect to the actve principle (\‘v’(‘ighi/\vcight).”
ER‘an-lpEc 1 of the 236 patent vses only 10% of PVP with respect 10 the weight
of the active principle. Example 2 of the “236 pateat uses no nore than 35% of
PVP with respect to the weight of the acuve principle.

- Claim 1 of the 236 patent also presceibes the use of “a srabilizing ang crystal-
FOlrmar.ion-inln'bit_'mg amount of between about 1 to 50% w/w with respect 1o the
active prnciple of polvalkyvleneglveol-polyvinylpyrrolidone.”

Because the amount of the crystallization inhibior used in.the 236 pateny s less
than 50% of the amount of the active principle, the ervstallization inhibitonr
Cinnot formy a mawix in which the active principle 12 dispersed and stabiljzed,




3

Accordmgly, like W01/34119, the formulation of the ‘236 patent is
fundamencally different from the solid dispersion of the present application.

Fren assuming without admitung thar the crystallizavon nhibitor emploved 1w the 236
patent forms an amorphous matrix, the formulaton of the 236 patent would not work for
ritonavii  The formulapon of the ‘236 patent does not include any surfactant.  As
demonstrated by the Comparative Example of the present application, ntonavir in such an
amorphous matrix (without surfactant) would have poor bioavailabiligy.

Furthermore, it is humbly submitted that there Is no magic formuladon that works for all
drugs.  This is particulartly true for ntonavir, a Class TV compound under the
Biopharmaccutics Classificadon System (BCS). See page 119, right column, of Rochele C.
Rossi e al “Dewelspment And Validation Of Dissolution Test For Ritonavir Soft Gelatin Capanles
Based On In Vive Data”, International Jowrnal Of Pharmacentics 338 (2007} 1197124 (Annexure 2)
Class IV compounds have low aqueous sotubility as. weli as low membrane permeabilicy and
therefore have poor bioavailability and are not well absorbed by gastro intestinal mucosa,
Ibid “Absorption and Drug Development, by Alex Avdeef, pp. 20-21 (Jobn Wity & Sons, Ine,
Floboken, New Jersey. 2003) pp. 20-27 (Annexure 3). For this reason, the improvement in
dissolution does not correlate with the improvement in hwoavatlability for a Class IV
compound such as ntonavir. Thid Figure 2.9 on page 20 of Annexure 3, which states that
"No IVIV (in vitro - in vivo) correlation [is] expected” for Class [V compounds. See¢ also
page 119, right column, of Annexure 2, which states that Class IV compounds "are less
likely 1o show I'VIV than class [1". Therefore, Class IV compounds are the most difficult of
being formulated into a solid form so as to provide both adequate solubility and acceptable
permeability to achieve sausfactory bioavailability. There 15 no general formulation for Class
IV compounds. A high varability in formulaton is expected for differenir Class IV
compounds. A person skilled in the art cannot reasonably predict, without actually testing, if
a grven formulauon would work for a Class 1V compound.  Esxtensive rescarch must be
conducted for each Class 1V compound in order to identufy formulatons that can prowvide
adequate bioavailability.  The tradidonal trial-and-error process, though often time-
consumning and labor-intensive, docs not guarantee the identificauon of a suitable
formulation for a Class TV compound. Considerable technical challenges musr be resolved
m order to formuiate a Class TV compound into a solid dosage form.

Without actual testing, one of ordinary skill in the art cannot predict with any certainty if a
particular formulation would wark for a Class IV compound. Solid dispersion technology
was originally designed to improve solubility and/or dissolution, but not membrane
permeability. This is because solid dispersion converts drug into a high-energy phase,
thereby facilitaung the dissolution of the drug. However, a Class 1V compound, such as
ntonavir, is not onlv poorly soluble but also poorly permeable. Therefore, one of ordinary
skili in the art would not be able to predict if solid dispersion could provide adeguate
bioavatability to a Class I'V compound. =

The solid pharmaceutical composidon of the present invention was the result of years of
wtense research. The composition confers markedly improved bioavailability to ritonavir
and has been wsed in the commercial product Kaletra® rablet since 2005, 1bid “Aels
Lxtrision Can Bring New Benefits to HIV Therapy - The Example of Kaletra® Tablers,” Am, |. of
Dirwg Defivery, 4(2), 671-64 {2006) (Annexure 4), page 62, nght column, which states that
"[njearly 10 years of research and equipment modification were required to successfully
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ncorporate the active ingredients of Kalewa® inwo a tbler withy satisfactars bioavailabilicy
and storage requirements.” Annexure 4 1 the Abstrer on Page 61 also states that "|'l"[|\t‘.‘
incorporation of poorly soluble drugs into convenient oral dosage forms 1s one of the
biggest challenges encountered in drug formulaton.” Abwr T3¢ Serajuddin, " Sokid Dispersion of
Poorly \Water-Soluble Drugs: Early Promises, Subsequent Problems, anef [2p0n¢ Breakshrmghi '
(Annexure 5), at page 1064, right column, also recognizes that "Physical and chemical
stability of both the drug and the carier in 2 solid dispersion age m:;jor dg\-.:[opnmnml issuces,
as exemplified by the recent withdrawal of ritonavir capsules from the market, so furire
research needs to be directed 1o address various stabiliry issues * Therefore, extensive and
ame-consuming research, as well as substantial invenove steps had been performed to
develop a solid dispersion of the present invention.

Ritonavir is practically insoluble in water, and traditonal mixtyres of ritonavir, surfactants,
and other excipients do not significamly improve the solubility of Ritonavie. Tbid page b of .
Y Zhu ct, at. “New Tablet Formud_ation Of Lapinavir/ Ritonavir Is Bioequivalent To The ("a!;ﬂ,[t, Ay
A Dose Of 800/ 200 Mg” ("Incorporaton of surfactams, acids or other wetting ageats with
traditional technologies failed to provide adequate bioavai}abﬂir}: for [dtonavir/lopinavir]
solid formulations”) (Annexure 6}. 1t was not expected that amorphous potymer-based
solid dispersion technology would work for monavie. The firs¢ attempts to use the solid
dispersion technology to improve ritonavir bioavatlability had fajled. These attempts are
exemplified in the Comparative Example of the present applicacon. Ritonavir formulated as
# mere solid disperston in an amorphous polvmer mawix showed poor bioavailabikity.

Because ritonavir is a Class IV compound which is both poorly soluble and poorly
permeable, and solid dispersions were originally designed to jﬂ1pr0‘~c solubility and for
dissclution but not permeability, one of ordinary skill in rhe ary would not have expected
that further modificadons of the onginal sohd dispersion formylation would lead to
improved bioavailability of ritonavir. Therelore, one of ordinary skill in the art would more
likely have abandoned the solid dispersion formulation, and pursued other formulation
stategies or selected non-Class TV drug candidartes that have the same therapeutic effect as
Hitonavic. '

It was torally unexpected that surfacrants can significantly improve the bioavailabiliey of
ritonavir in an amorphous polymer matix. Those skilled i the art would not have ;mY
reasonable expectaton of success that the addition of surfactants to an amorphous polymer
matrix could improve the bioavailability of riconavir or another Class TV compound, Prior
to the present application, those skilled in the art did noi know_ and could not predict, what
effect a surfactant might have on the bivavailabilicy of a Class yv compound in an
amorphous polymer matix. All the references cited by the Examiner do not teach or
suggest, in any way, that the addiion of surfactant to an amorphous solid dispersion may
improve the bioavailability of ritunavir or anorher Class IV compound.

Accordingly, though solid disperston technology had been kngwn, ics application to produce
1 pharmaceutical compuosition comprising a Class 1V compound proved conplicaced and
techmieally challenging, dhereby making the applicauon of the same not ebvious 10 2 person
skilled in the art.

(Please see the abeve arguments in blue that beef up the deleted arguments)



ltence D2 alse does aor hiut or indicate that PV along with a surfactant would work for a
class 1V compound (Ritonavir). Therefore even combining D1 and D2 would nor result 1n

the present invenon,

Lur. |. Phatma. & Biopharma., 554,2002, Pages 107-117 (1D3):

The third citation, 123, describes a solid dispersion comprising 10% 17-Estradiol, 50% PVP
and 40% Gelucitee 44/ 14 which has a 30-fold increase in_dissolution rate. However, like all
other reflerences cited 123 does not suggest that anc of ordinary skil i the are would have a
reasanable expectation of success that the same formulation would work for ritonavir. As
noted, there is no magic formulation that works for 2l drugs, particularly Class 1V diugs
such as ritonavir. The applicaton of melt extrusion to the manufacturing of tablers is
relatively new, complex, and is technically challenging and all date, only four drugs have

heen successfully manufuctured using melt extruston technology.

Moreover, as appreciated by one of ordinary skill in the art, the fact that a formulation works
for one compound does not give rise to any reasonable expectation of success that the same
or similar formulation would work for a structurally very different compound. In this case,
the strectural difference between 17-Hstradiol and ntonavir is substannal.  This can be

S A .
&,S>\/O\H,N . EYN\
8] O H o CH3

17-1Zstradiol Ritonawvir

clearly scen as belows:
OH

Therefore, those skifled in the azt would not have any reasonable expectation of success rhat
de 17-Esuadiol formulation descobed in D3 would also- work for dtonavir. Mare
importanty, 1t 1s further submurred that 17-Estradiol is a Class 11 compound under the
Biopharmaceutics Classification System, which means that it has low aqucous solubility but
high rmembrane permeability. Class [1 compounds are often the best candidate for using
formuladons, such as solid dispersions, to improve solubility and thereby bioavalability.
This 15 because the mnprovement in solubility of a Class I compound directdy cotrelated
with the impzovement in 1ts bioavatlability. This is in contrast to Class IV compounds such
a5 ntonavir, where improvement in solubility does not necessarily correlate  with
nprovement in bioavatdabdity,

We would like 1o bring to the kind attenvon of the Learned Examiner that melt extrusion, as
well as other solid dispersion technologies, were onginally designed to improve solubiliry
and/or dissolution rafes, but not membrane permeability. The effect of solid dispersion
formulanon on the bioavailabiliny of 17-Esuadiol, a Class IT compound, is therefore nor
indicative of whether the same or similar formulaton would work for a Class 1V compound
such as ritonavir. A person skilled m the art would not have any reasonable expectation of
success that a formulaton which works for a Class 11 compound would also worlk for a Class
IV compaund.

35

» 5 AlIG 709N



Furthermore, lopinavir ( s’ ). # compouad much
more simiJar 1o ritonavir than 17-tstradiol, does not have good bioavailability when
formulared using a solid dispersion similar to those deseribed 1n D3, See Examples 3 and 4
ol W2004/032903 (equivalent to US200060257470 (Annexure 7), which describe a solid
dispersion comprising loptnavir, 68.17% warter-seluble polvmer (Kollidon VA-G4) and 7%
surfactant (Cremphor RH-40). However, IZxamples 3 and 4 show that this solid dosage
form has poor watet dissolution profite ("The extrudates dissolved in water only after several
hours.") Thus, Examples 3 and 4 of WO20104 /032903 (US20060257470) teaches away from

using amorphous water-soluble polymers to build a matrix for the dispersion of ritonavir.

The third citation (ID3} also cannot be combined with any other citation to come up with the
instant inventon.

J- Pharma. Sci. Vol. 88{10), 1999, pages 1058-1066 (D4):

Like all other cited references, D4 doces noi teach or suggest that ritonavir, a Class IV
compound, can be formulated and stabilized in a matrix made from PVP or other water-
soluble polvmers. Morcover, as demonstrated in the Comparauve Example of the present
application, such a matrix would not weork for ritonavir without the addition of surfactants.

Quoting from the citation itself,

D4 states at page 1004, right column:
“Physical and chemical stability of both the drug and the catrier in a solid
dispersion are major developmental issues, as exemplified by the recent
withdrawal of ritonavir capsules from the market, s¢ future tescarch
needs to be directed 10 address various stability i1ssues. The semisolid
and waxy nature of solid dispersions poses unique stability problems that
might not be seen in other types of solid dosage forms. Predictive
methods will be necessary for the invesnganon of any potential
crystallization of drugs and its impact on dissolution and bioavailability.
Possible drug-carrier mteractons must also be investgated.”

Therefore, D4 does not provide any suggesuon to one of ordinary skl in the art that
ritonavir can be formulated and stabilized in a matrix formed by PVP or another like water-
scluble polymer. Instead, D4 merely pdmts to “future research” to resohre the rtonavir
formulaton issuc. This further demonstrates that the formulation of the present application
was not obvious to those skilled in the art.

Hence none of the documents cited alone or in combinauon suggest the present invention.
We therefore request the learned examiner to waive off the objecdon.

Para 3:



The Exanuner has held that the method claimed in claims 21 and 37 is not patentable u/s
3(1) of the Patents Act. We agree with the Learned [Examiner, and the claims 21 and 37 have
been delered in view of section 3(1) of the Indian Patents {Amendment) Acy, 2005.

Para 4:

TForm t has been corrected as indicated by the Learned Exanuner.
Para s

Please find enclosed the General Power of Arttorney

Paras 6 and 7:

We have already complied with these objections vide our letter dated February 1, 2008
Pedoons u/r 137 and 138 is enclosed.

In view of the above submissions and revisions, we request the Leamed Examiner o allow

the application to proceed for grant.

Encl:  Applicaton Form
Camplete Specification
RN <)
Pecuton u/r 137 and 138 (&l)
Cancelled pages
Retyped pages

Preciuted fu Y A 19,880
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TANNEXLRE-B 31

COMPLETE SPECIFICATION

Section 10

"“Solid Pharmaceutical Dosage Form™

Abbott Laborataries, a corporation organized and existing under the laws of USA, of Dept, 377
Bldg APGA-1, 100 Abbott Park Road, Abhott Park, IL 60054-5008 USA.

The following specification pamcuiarly describes the nalure of this invention and the manner in which it
is to be perfarmeq:
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WO 2005/039551 PCT/US2004/027401
We claim:
1. A solid pharmaceutical dosage form which comprises a solid dispersion of at least one

HIV protease inhibitor and at least one pharmaceutically acceptable water-soluble
polymer and at lcast one pharmaceutically acceptable surfactant, said pharmaceutically

acceptable water-soluble palymer having a Tg of at least about 50 °C.

The dosage form of claim 1 comprising a glassy solution or solid solution of said HIV

protease inhibitor.

The dosage form of claim 1, wherein said phanmaceutically acceptable surfactant has an

HLB value of from about 4 to about 10.

The dosage form of claim 1, wherein said pharmaceutically acceptable surfactant is a
combination of at least one pharmaceutically acceptable surfactant having an HLD
value of from about 4 to about10 and at least one further pharmaceutically acceptable

surfactant.

The dosage form of Claim 1 wherein said pharmaceutically acceptable surfaclant is a

sorbitan {atty acid ester.

The dosage form of Claim 1 which comprises, refative to the weight of the dosage
form, from about 5 to about 30 % by weight of said HIV protease mhibitor, from about
50 10 about 85 % by weight of sajd water-soluble polymer, from about 2 to about 20 %
by weight of said surfactant, and from about 0 to about 15 % by weight of additives.

. The dosage form of ¢laim 1, wherein said HIV protease inhibitor is selected from the

group consisting of: 28,38,58)-5-(N-(N-((N-methyl-N-((2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)-L-valinyl)amino-2-(N-((5-thiazolylymethoxy-
carbonyl}-aminoj-amino-1,6-diphenyl-3-hydrexyhexane (ritonavir);
(25,38,55)-2-(2,6-Dimethylphenoxyaceiyljamino-3-hydroxy-5-{28-(1-tetrah ydro-
pyrimid-2-onyl}-3-methylbutanoyllaming-1,6-diphenylhexane (lopinavir);
N-(2(R)-hydroxy-1{S)-indanyl)-2(R}-phenylmethyl-4(8)-hydroxy-5-(1-(4-(3-
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pyridylmethyl)-2(S)-N'-(t-butylcarboxamido)-piperazinyl})-pentaneamide (indinavir);
N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[{N-(2-quinolylcarbonyl)-L-
asparaginyljamino]butyl]-(4aS,8aS)-isoquinoline-3(8)-carboxamide (saquinavir);
5(S)-Boc-amino-4(S)-hydroxy-6-phenyl-2(R)phenylmethylhexanoyl-(L)-Val-(L)-Phe-
morpholin-4-ylamide; S '

1-Naphthoxyacetyl-beta-methylthio- Ala-(25,35)3-amino-2-hydroxy-4-butanoy! 1,3-
thiazolidine-4t-butyiamide;
5-isoquinolinoxyacetyl-beta-methylthio-Aia-(25,35)-3-amino-2-hydroxy-4-butanoyt-
1,3-thiazolidine-4-t-butylamide;
[18-[1R-(R-),25*]}-N'"-[3-[([{1,}-dimethylethyl)amino]carbonyl](2-
methylpropyl)amino}-2hydroxy-1-(phenylmethyl)propyl]-2-[(2-
quinolinylcarbonyl)amino]-butanediamide;

amprenavir {(VX-478); DMP-323; DMP-450; AG1343 (nelfinavir);

atazanavir (BMS 232,632)

tipranavir

palinavir

TMC-114

RO033-4649

fosamprenavir (GW433908)

P-1946,

BMS 186,318, SC-55389a; BILA 1096 BS; U-140650,

or combinations thereof.

T

The dosage form of Claim 1 wherein said HIV protease inhibitor is (28,38,58)-5-(N-
{(N-{(N-methyl-N-((2-1sopropyl-4-thiazolyl)methyl}amino}carbonyl)-L-valinyl)amino-
2-(N-({5-thiazolyl)methox y-carbonyl}-amino)amino-1,6-diphenyl-3-hydroxyhexanc

" (ritonavir).

The dosage form of Claim 8 which shows a dese-adjusted AUC, in dogs under non-
fasting conditions, of ritonavir plasma concentration of at least about 9 pg h/ml/100

mg.
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10.

11,

12.

13.

14.

15.

16,

‘The dosage form of Claim 1 wherein said HIV proteasc inhibitor is (25,38,55)-2-(2,6-
Dimethylphenoxyacetyl)-amine-3-hydroxy-5-[28-(1-tetrahydropyrimid-2-onyl)-3-

methyl-butanoyl]amine-1,6-diphenylhexane (lopinavir),

The dosage form of claim 10 which shows a dose-adjusted AUC, in dogs under non-
fasting conditions, of lopinavir plasma concentration of at least about 20 pg h/m1/100

mg.

The dosage form of claim 1 wherein said HIV protease inhibitor is a combination of
(28,38,55)-5-(N-(N-{(N-methyl-N-((2-isopropyl-4-thiazolyl)methyl)amino)carbony!)-
L-valinyl}amino-2-(N-({5-thiazolyl)methoxy-carbonyl)-amino)-amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir) and (28,38,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-{28-{1-tetrahydropyrimid-2-onyl)-3-methylbutanoyl] amino-1,6-
diphenylhexane (lopinavir). ‘

The dosage form of claim 12 which shows a dose-adjusted AUC, in dogs under non-
fasting conditions, of ritonavir plasma concentration of at least 9 about pg h/ml/100 mg
and a dose-adjusted AUC of lopinavir plasma concentration of at least about 20

pg./ml/100 mg.

The solid dosage form of Claim 1 whercin said water-soluble polymer has a Tg of from

about 80 to about 180 °C.

The solid dosage form of Claim 1 wherein said waler-spluble polymerisa

homopolymer or copolymer of N-vinyl pyrrolidone.

The solid dosage form of Claim 1 wherein said water-goluble polymer is a copolymer
of N-vinyl pyrrolidone and vinyl acetate.

T L O T

The solid dosage form of Claim 1 containing at least one additive selected from flow

regulators, disintegrants, bulking agents and lubricanls,
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18.  The solid dosage form of Claim 1 which contains, upon starage for about & weeks at
about 40 °C and about 75% humidity, at least about 98 % of the initial content of HIV

prolease inhibitor.

19. A method of preparing a solid dosage form of claim 1 which comprises:
i. preparing a homogencous melt of said HIV protease inhibitor(s), said water-
soluble polymer(s) and said surfactant(s), and

i aflowing the mell to solidify o obtain a solid dispersion product.

20. The method of claim 19 additionally comprising grinding said solid dispersion product

and compressing said solid dispersion product into a tablet.

21, A method of treating an HIV infection comprising administering the solid dosage form
of claim 1 to a mammal in need of such treatment.

(R .

22. A solid pharmaceutical dosage form comprising,
(28,38,55)-5-(N-{N-{{N-methv]-N-{(2-isopropyl-4-thiazolyl)methvDamino)carbonyl)-L-
valinyl)amino-2-(N-{(5-thiazolyl)methoxy-carbonyl)-amino)-amino-1,6-dipheny!-3-
hydroxyhexane {ntonavir);

a homopolymer of N-vinyl pyrrolidone; and

a sorbitan fatty acid ester.

23.  The sohid dosage form of Claim 22 containing at least one additive selected from flow
regulators, disintegrants, bulking agents and lubricants.

24, A solid pharmaceutical dosage form comprising,

(28,38,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-hydroxy-5-{28-(1-tetrahydro-pyriniid-2-
onyl)-3-methylbutanoylfamine-1,6-diphenylhexane (lopinavir);

a copolymer of N-vinyl pyrrolidone; and

a sorbitan fatty actd ester.

5 AUG 2000
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25.  The solid dosage form of Claim 24 containing at least one additive selected from flow
regulators, disintegrants, bulking agents and lubricants,

26. A solid pharmaceutical dosage form comprising,

{2§,38,38)-5-(N-(N-({N-methyi-N-((2-isopropyl-4-thiazolyl}methylanine)carbonyl)-1.-
valinyl)amine-2-(N-({(5-thtazolyl)methoxy-carbonyl)-amino)-amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir) and (2S,38,55)-2-(2,6-Dimethylphenox yacetyl}amino-3-hydroxy-
5-[28-(l-tetrahydro-pyrimid-2-onyl)-3-methylbutanoyl}Jamino-1,6-diphenylhexane
{lopinavir);

a copolymer of N-vinyl pyrrolidone and viny! acctate; and

a sorbitan fatty acid ester.

27, The sohd dosage form of Claim 26 containing at lcast one additive selected from flow
regulators, disintegrants, bulking agents ang lubricants.

28. A solid pharmaceutical dosage form comprising,

(28,385,58)-5-(N-(N-((N-methyl-N-{(2-isopropyl-4-thiazolyl)methyl)amina)carbonyl)-L-
valinyl)aminn-2-{N-{(5-thiazolyl)methoxy-carbonyl)-aminec)-amino-1,6-diphenyt-3-
hydroxyhexane (ftonavir) from about 5 % to about 30 % by weight of the dosage form;

a homopolymer of N-vinyl pyrrolidone from about 50 % to about 85 % by weight of the

dosage form; and

a sorbitan fatty acid ester from about 2 % to about 20 % by weight of the dosage form.
LY B

29 The solid dosage fonn of Claim 28 containing at least one additive selected from flow
regulators, disintegrants, bulking agents and [ubricants.

30.  The sohid dosage form of claim 29 wherein the at least onc additive 1s present in an
amourtt from about 0 % to about 15 % by weight.

31. A solid pharmaceutical dosage form comprising,

(2S,SS,SS)—Z-(2,6-Dimethylphenoxyacctyl)amino-3-hydroxy-S—[2S-(l-lcrrahydro—pyrimid-Z-
onyl)-3-methylbutanoyl}amino-1,6-diphenylhexane (lopinavir) from about 5 % to about 30 %
by weight of the dosage form;,

a copolymer of N-vinyl pyrrolidone from about 50 % 1o about 85 % by weight of the dosage
form: and
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a sorbitan fatty acid ester from about 2 % to about 20 % by weight of the dosage form.

32, The solid dosage form of Claim 31 containing at least one additive selected from flow
regulators, disintegrants, bulking agents and lubricants.

33.  The solid dosage form of claim 32 wherein the at least cne additive is present in an
amount from about 0 % to about 15 % by weight.

34. A solid pharmaceulical dosage form comprising,

(28,38,58)-5-(N-(N-((N-methyl-N-{(2-isopropyl-4-thiazolylymethyl)amino)}carbonyl)-L-
valinyl)amino-2-(N-((5-thiazolyl)methoxy-carbonyl)-aming)-amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir) and (28,35,558)-2-(2,6-Dimethylphenox vacetyl)amino-3-hydrox y-
5-[28-(1-tetrahydro-pyrimid-2-onyl)-3-methylbutanoyl]amino-1,6-diphenylhexane (lopinavir)
present in an amount from about 5 % to about 30 % by weight of the dosage form;

a copolymer of N-vinyl pyrrolidone and vinyl acetate from about 50 % to about 85 % by
weight of the dosage form; and '

a sorbitan fatty acid ester from about 2 % to about 20 % by weight of the dosage form.

35, The solid dosage form of Claim 34 containing at least one additive selected from flow
regulators, disintegrants, bulking agents and lubricants.

36,  The solid dosage form of claim 35 wherein the at least onc additive is present in an
amount from about O % to about 15 % by weight of the dosage form.

a7, A method of treating an'HIV infection comprising administering the solid dosage
form of any one of claims 22-36 to a mammal in need of such treatment.
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1
MECHANICALLY STABLE
PHARMACEUTICAL PRESENTATIONS
FORM CONTAINING LIQUID OR
SEMISOLID SURFACE-ACTIVE
SUBSTANCES

BACKGROUND OF THE INVENTION

‘Ihe present invention relates to mechanically stable phar-
maceutical presentations for oral administration, comprising
in addition 10 one or more active ingredicnts and at least one
melt-processable matrix-forming excipient more thaa 10
and up to 40% by weight of a surface-active substance with
an HLB of from 2 1o 18, which is liquid a1 20° C. or has a
drop point in the range from 20 to 50° C. A process for
producing such forms has also been found.

‘Ihe production of pharmaceutical preparations by the
mell extrusion process is known per se. Thus, the process
described, for example, in EP-A 240 %04 or EP-A 240 906
makes it possible, by a specific selection and defined mix-
tures of the ¢xcipients employed, to control specifically the
properlies of the formulations to be produced.

For example, il is possible to produce, by selecting

suitable matrix polymers, preparations which release the 2

active ingredient continuously over a lengthy period. On the
other hand. it may be desirable, for example in the case of
analgesics, for the active ingredient to dissolve rapidly and
be released quickly. The mell extrusion process has proven
(o be suitable for producing rapid refease and slow release
farmulations.

Abasic requirement is, however, that the active ingrediem
is able to dissolve sufficiently in the aqueous medium in the
digestive tracl. Absorption of the aclive ingredient is pos-
sible only il il is in dissolved [orm, because only dissolved
active ingredients can cross the intestinal wall. Active ingre-
dients of Jow solubility may therelore not be absorbed
sufficicntly and, associated with this, have a low bioavail-
abilily.

There have heen no lack of awtempts to improve the
bivavailabitity of aclive ingredients of low solubility (cf. R.
Voigt; “Pharmazeutischie Technologie”, published by Ull-
stein Mosby, 7th edition, 1993, pages 80-85). In particular,
the production of coevaporates or so-called solid
dispersions, in which the active ingredient is in the form of
a molecular dispersion in an excipient matrix, has frequently
proved advantageous for increasing the bioavarlability.
When the drug form dissolves in the body, the active
ingredient can be relcased in molecular form from such solid

dispersions directly and withoul supplving energy of salva- ;

tton.

However, the use of solid dispersions has a beneficial
eflect on the bioavailability of the active ingredient only if
the active ingredient can also wnderge rapid absorption.

However, if the absorption process is slow, the active s

ingredient of low solubility recrystallizes in the aqueous
medium of the intestingd lumen because a supersaturated
solution of active ingredient may be produced on disselution
of the druy form. For this reason, she bivavailabililies which
can be achieved cven with solid dispersions arc often
unsatisfaclory.

The absorption of the active ingredient is oficn insuffi-
clent also because the active iogredieni is released toa
slowly from the talblel. Absorption of most active ingredients
into the blood circulation takes place in the upper sections of
the small intestine, i.c. relatively soon after passing through
the stomagh. Active ingredients which have not been
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adequately solubilized on reaching this region of the small
inicstine can big absorbed to only a limited extent.

iU s thereloge crugial for achigving optimal absomption
rates, e'SP(‘-E"iﬂ").r of active ingredicnis of low solubility which
readily crystallize, 10 achieve rapid and sufliciently long-
lasting solubilization in the aqueous medinm of the digestive
tract without tecrystallization occurring.

The addition of surface-active substances is appropriate
for this. The addition of surface-active substances to formu-
lations of aclive ingredienls of low solubilily is generally
known per se. ’

U.S. Pal. No. 5,834 472 discloses, for example, that the
bioavailability of an antifungal agent can be improved by
using a nomidiic surface-aciive substance.

However, since most surface-active substances are liquid
or semizolid al room temperature, the preparations produced
to date are usuglly oily liquids ar semisolids used to fill hard
or soft gelatin capsules. However, in the ease of soft gelatin
capsulcs, interactions between cxcipicnts and ihe gelatin
shell of the capsule are frequent and tead 1o leakage from the
capsule.

The vse of surface-active substances in lablel formuha-
lions is not possible without problems either because the
liquid or semisolid surlace-aclive substances impede com-
pressibility in the conventional tableting process, especially
when larger amounts of surface-active substances in the
region of more than 10% by weight are needed to solubilize
the active ingredicnt.

It is an object of the present invention 10 find mechani-
cally stable solid formulations for oral use which can be vsed
in particular for rapid and neverthieless long-lasting solubi-
lization of aclive ingredients of low solubility afler they
have been liberated from the drug form.

DRIEF SUMMARY OF THE INVENTION

We have found that this object is achieved by the phar-
maceutical formulations defined at the outset, and 2 process
for producing |hem.

DETAILED DESCRIPTION OF THE
INVENTION

The aclive ingredients which can be wsed are in principle
all buman and veterinary pharmaceutical substances, and
aclive ingredients used in food supplements.

Particularly suitable active ingredicnis are
immunosuppressants, protease inhibilors, reverse tran-
scriptase nhibjors, cytostatics or antimycotics, in addition
to CNS-aclive substances or dihydropyrimidine derivatives.

h is possible in panicular to formulate active ingredients
of low solubility or low bioavailability according 1o the
invention. Low solubility means that 1he solubility in an
aqueous medium is less than 1 mg/ml. Such active ingredi-
ents are also referred to in USP XXII, page 8, as scarcely
soluble or praciically inscluble.

Examples of active ingredients of low solubility are
esuprone, nifedipine, ciclosporin or Taxol.

Suitable and preferred surface-active substances are Jow
molecular weight subslances which have an HLB (HL.B—
hydraphilic lipophilic balance) and are liquid at 20° C. or
have a drop poinl in the ranpe from 20° C. to 50° C.,
preferably up to 40° C. Preferred substances have an HLB
of from 7 10 18, particularly preferably 10 to 15.

Examples of suitable surface-active substances are satu-
rated and unsawrated polyglycoiized glycerides, semisyn-
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thetic glycerides, fatly acid esters or ethers of fatty aleohols
as long as they have the properties stated above.

The corresponding sorbitan fatty acid esters or cthoxy-
lated sorbitan fatty acid esters are particularly suitable, such
as, for example, polyoxyethylene 20 sorbitan monolaurate,
polyoxyethylene 20 sorbitan monopalmitate, polyexyethyl-
ene 20 sorbitan monostearate, polyoxyethylene 20 sorbitan
monooleate, polyoxyethvlene 20 sorbitan tristearaie, poly-
oxyethylene 20 sorbitan irioleate, polyoxyethylene 4 sorbi-
lan monosiearate, polyoxyelhylene 4 sorbilan monolaurale
or polyoxycihylene 4 sorbitan monooleate. Also suitabic are
macrogol 6 cetylstearyl cther or macrogol 25 cetylstearyl
ether.

Particular preference is given to palyoxyethylene glyceral
ricinoleate 33, palyoxyelthylene glycerol trihydroxysiearate
40, PEG 660 12-hydroxystearate (polyglycol ester of
i2-hydroxystearic acid (70 mol%) with 30 mol% ethylene
clycol).

The surface-active subslances are present in the prepari-
tions in amounts of more than 10% by weight based on the
total weight of the preparation, and up to 40% by weighi,
preferably 15 to 23% by weight and particularly preferably
20 to 25% by weight.

The preparations according to the invention also comprise
al least one meli-processable mairix excipient. Particularly
suilable matrix-forming excipienis arc water-soluble phar-
maceulically acceptable polymers or sugar alcohols or mix-
tures thereof as long as they can be melied without decom-
position.

Pharmyceutically acceplable polymers are, in particulat,
harmo- and copolymers of N-vinylpyrrolidone such as poly-
vinylpyrrolidone with Fikentscher K values of from 12 to
100, in particular K 17 1o K 30, or copolymers with vinyl
carboxylates such as vinyl acctatc or vinyl propionate, for
example copovidone (VP/VAc-60/40).

Also sujlable are polyvinyl alcohol or pelyvinyl acetate,
which may also be partially hydrolyzed, or acrylate poly-
mers of the Eudragit type.

Also suitable are cellulose derivalives such as
hydroxyalkylcelluloses, for . example
hydroxypropyleellulose, or, i slower release is required,
hydroxyalkylalkylcelluloses which swell in water, for
example hvdroxypropylmethylcellulose (HPMC), prefer-
ably with degrees of methoxy substitution in the region of
22% and degrees of hydroxypropoxy substitution in the
region of 8%, padicularly preferably HPMC 1ypes wilh
viscosities of 4000 mPas, 15,000 mPas or 100,000 mPas,
measured at 20° C. in 2% by weight aqueaus solution. Also
suitable are HPMC types with degrees of methoxy substi-
tulion in the range from 28 to 29% and degrees of hydrox-
ypropaxy substitution in the rangc from 5 1o 8.5%.

Likewise suitable are meltable supar alcohols such as, for
example, sorbitol, mallitol, isomalt, mannitol, xylitol, eryth-
ritol or mixtures thereaf. Mahiital, mannitol, xylitol or iso-
mall is preferred,

Suitable matrix-forming polvmers are aiso polvethylene
glycols with molecular weights in the range from 1000 to
20,000,000 Dalton, preferably 4000 to 10,000 Dalion.

The preparations may additionally contain conventional
pbarmaceutical excipients such as favorings, antioxidants,
silicas, release agenls or dyes in the amounts usual therefor.

The preparations according to the invention are produced
by @ mell process. The process is prelerably carried out
without adilition of solvents.

The mell process is carried out in a kneader or a screw
cxiruder. £xamples of suitable kneaders are those supphicd
by Haake or Farrell,
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The melt is preferably produced in a screw extruder,
particularly preferably a iwin screw extruder with and
without Kneading disks or similar mixing elements. Coro-
lating twin screw cxiruders are paricularly preferred.

Depending on the composition, the processing generally
takes place al temperatures from 40° C. 1o 260° C,, prefer-
ably 50 1o 200° C,

The starting materials can be fed into the extruder or
kneader singly or as premix. They are preferably added in
the form of powdered or granulated premixes. Thus, the
liquid or oily surface-active subslance can previously be
mixed with another starting material o give free-flowing
granulcs. Addition of thc surface-active substance in liquid
form, for example by liquid pumps, which are preferably
heated in the case of semisolid substances, is itkewise
possible.

It is also possible first to dissolve the active substance in
the surface-active substance, and then to granulate this
mixture with the polymer. In this case, the active ingredient
must 0ot itself melt.

It may also be advisable for temperature-sensitive active
ingredients first to melt the other starting materials and only
then to add the active ingredient.

The slarting materials are accordingly processed together
to form a melt, which is processed by input of mechanical
energy, in particular in the form of shear forces, to a
homogenecus composition.

The homngenous melt is then extruded through a dic or a
breuker plate and subjecied to shaping. This can take place
by pelletizing the extrudate by esual techniques, for example
using rotating knives or compressed air, 10 result in pellets
or granules. The shaping can also take place as described in
EP-A 240 906, by the exirudate being passed between two
counier-rotating calender rolls and being shaped directly to
tablets. It is likewise possible 10 pass the meli through the
open extruder head and, after solidification, further process
where appropriate by grinding or by suitable granulaticn
cquipment such as roll mills or compacting units.

Granules or pellets can then be processed to tablets in
conventional tablet presses. 11 is also pussible for Lhe prepa-
rations which have heen initially obtained by calendering
already in the form of mechanicaily stable 1ablels to be
subjecicd 10 a grinding process and then ta be compressed 1o
leblets in 4 convenlional way. If required, the (ableis can
then be provided with a conventinnal coating.

It is surprisingly possible accarding to the inveation {o
obtain tablets which, despite a high proporiion of kiguid or
semisolid surface-active substances, have good mechanical
stabilily and are not prone to be tacky or to soften. The good
dimensional siability of the preparations makes it
unnecessary, according to the invention, to use them for
filling capsules,

The resulling druy forms comprise the active ingredient
embedded amorphously. The preferred result is solid dis-
persions in which the active ingredien is in the form of a
molecular dispersion. The drug forms according 1o the
Mven(ion make it possibie for even aceive ingredieats of fow
solubility 1o be sufficiently solubilized and stably dispersed
in aqueous medium.

The preparations according to the invention form, after
dissolving in aqueous medium, in particular at pH 1, for at
leasl one hour a s1able solubilizate or a stable dispersion, in
which the active ingredient is preferably not in crvstalline
form.

EXAMPLE

50 g of a powdered mixiure of 40% by weigh of
esuprone, 35% by weight of polyvinylpyrralidone K 17

¢
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{PVP) apd 25% by weight of polyoxyethylepe glycerol
trihydroxysicarate 40 as surface-active subslance were pro-
duced by initially producing a powdered premix of esupron
and the PVP, into which the surface-active substance was
mixed at 20° C. until homogencous granules resulled.

EXAMPLE 2

The granules obtained 10 Example 1 were kneaded at a
temperature of 100° C.in a heatable kneader (supplied by
Haake) 10 a homogeneous mell. After coaling to 20° C,, the
melt was solid and was broken inty small fragments.

EXAMPLE 3

250 g of the grunules abtzined in Example 1 were stirred
into 50 ml of water at room temperature. There was forma-
ticn alter a few minutes of a cloudy suspension from which
crystailine esuprone sedimented.

EXAMPLE 4

The melt granules obtained in Example 2 were stirred inlo
waler in analogy to Example 3. After only a few minutes an
opalescent solution formed, and no esupronc had separzicd
out of ihis even after one hour.

We claim:

1. A mechanically stable pharmaceutical presentation for
oral administration, comprising cne or more active
ingredients, al least one melt-processable matrix-forming
excipient selecled from the group consisting of homo- and
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copolymers of N-vinylpyrrolidone, acrylale polvmers and
cellulose derivatives, and more than 10 and up 1o 40% by
weight of a sutface-active substance with an LB of from 2
to 18, which is liquid at 20° C. or has a drap point in the
range frum 20 10 50° C., obiainable by mixing the starting
materials in the meli withoul addition of solvents and
subscquently shaping.

2. A preparaiion as claimed n claim 1, comprising from
15 10 25% by weight of surfacc-aclive substance.

3. A preparation as claimed in claim 1, comprising a
surfacc-active substance with an HLB of from 10 to 15,

4. A preparation as claimed in claim 1, comprising a
surface-active substance with a drop point in the range from
2010 40° C.

5. A preparation as claimed in claim 1, comprising mac-
rogol glycerol hydroxystearate, polyoxvethylene ricinoleate
35 or PEG 660 12-hydroxysicarate as surface-active sub-
stance.

6. A process for producing mechanically stable pharma-
ceutical prescntations as claimed in claim 1 by a melt
process, which comprises processing one or more active
ingredients, at least one melt-processable natrix-forming
excipient and more than 10 and up to 40% by weight ot a
surface-active substance with an HLB of from 2 10 18, which
is liquid at 20® C. or has a drop point in the range from 20
o 50° C, in the melt to a homogeneous mixture, and
shaping the lauer to presentations.
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INHIBITORS OF CRYSTALLIZATION IN A SOLID DISPERSION

Technical Field of the Invention

5 The instant invention relates to the fields of
pharmaceutical and organic chemistry, and provides novel solid
dispersion pharmaceutical formulations which demonstrate an

inhibition of crystallization.

10

Background of the Invention

one measure of the potential usefulness of an oral dosage
form of a pharmaceutical agent is the bicavailability observed
15 after oyal administration of the dosage form. Various factors
can affect the bicavailability of a drug Qhen administered
orally. These factors include aqueous solubility, drug
absorption throughout the gastrointestinal tract, dosage
strength, and first pass effect. Aqueous solubility is ome of
20 the most important of these factors. When a drug has poor
aqueous solubility, attempts are often made to identify salts or
other derivatives of the drug which have improved agueous
solubility. When a salt or other derivative of the drug is

identified which has good aqueous solubility, it is generally
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identified which has good agqueocus solubility, it is
generally accepted that an agueous solution formulation of
this salt or derivative will provide the optimum oral
bicavailability. The bicavailability of the aqueous oral
solution formulation of a drug is then generally used as
the standard or ideal bioavailability against which other
oral dosage forms are measured.

For a variety of reascns, including patient compliance
and taste masking, a solid dosage form, such as a capsule
or tablet, is usually preferred over a liquid dosage form.
However, oral solid dosage forms of a drug generally
provide a lower bipavailability than oral sclutions of the
drug. One goal of the development of a suitable solid
dosage form is to obtain a biocavailability of the drug that
is as close as possible to the ideal biocavailability
demonstrated by the oral agueous solution formulation of
the drug.

An alterpative dosage form is a solid digspersion. The
term sclid dispersion refers to the dispersion of one or
more active ingredients in an inert carrier or matrix at
solid state prepared by the melting {or fusion), solivent,
or melting-solvent methods. (Chiou and Riegelman, Journal
of Pharmaceutical Sciencés, 60, 1281 (1971)). The

dispersion of a drug or drugs in a solid diluent by
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mechanical mixing ig not included in this category. Solid
dispersions may also be called sclid-state dispersions.

Retroviral protease inhibiting compounds are useful
for inhibiting HIV proteases in vitro and in vive, and are
useful for inhibiting HIV (human immuncdeficiency virus)
infections and for treating AIDS {(acquired immunodeficiency
syndrome) . HIV protease inhibiting compounds typically are
characterized by having poor oral bicavailability.
Examples of HIV protease inhibiting compounds include
28,38,58)-5-(N- (N- ((N-methyl-N- {{(2-isopropyl-4-
thiazolyl)methyl}amino)carbonyl)L-valinyllamino-2- (N- {{5-
thiazolyl}methoxy-carbonyl) -amine) -amino-1, 6-diphenyl-3-
hydroxyhexane {ritonavir};
{28, 35, 58)-2-1(2,6-Dimethylphenoxyacetyl)
amino-3-hydroxy-5-[25- (l-tetrahydro-pyrimid-2-onyl) -3-methyl
butanoyl] -amino-1, 6-diphenylhexane (ABT-378);
N- (2 (R) -hydroxy-1 {S}-indanyl) -2 (R} -phenylmethyl
-4 (S) -hydroxy-5-(1- (4- (3-pyridylmethyl) -2(8)-N'- (t-butylcar
boxamide) -piperazinyl) ) -pentaneamide (indinavir);
N-tert-butyl-decahydro-2- [2 (R} ~hydroxy-4-phenyl-3(8)-[[N-
{Z-quinolylecarbonyl) -L-asparaginyl] aminolbutyl] - (428, 8a8)
—isoquinoline—3(s)-cérboxamide (saqﬁinavir);
5(S) -Boc-amino-4 {S) -hydroxy-6-phenyl-2{R) -

phenylmethylhexanoyl- (L) -Val- (L) -Phe-morpholin-4-ylamide;

I
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1 -Naphthoxyacetyl-beta-methylthic-Ala-(28, 38)-
3-amino-2-hydroxy-4-butanoyl 1,3-thiazolidine-4-,
t-butylamide;
5—isoquinoiinoxyacetyl—beta—methylthio-Ala-(28,38)—3~
amino-2-hydroxy-4-butanoyl-1,3-thiazolidine-4-t~
butylamide;
[1S- {1R-(R-),28*]}-N' [3-[[[(1,1 -
dimethylethyl)amino]carbonyl](2-methylpropyl)amiﬁo]-2-
hydroxy-1- (phenylmethyl) propyl] -2- [ (2-
guinolinylcarbonyl) amino} -butanediamide;
VX-478; DMP-323; DMP-450; AG1343 (nelfinavir);
BMS 186,318; SC-55389a; BILA 1096 BS;‘and U-140680, or
combinations thereof. -

While some drugs would be expected to have good
solubility in organic solvents, it would not necessarily
follow that oral administration of such a soluticon weould
give good bicavailability for the drug.

Folyethylene glycol (PEG) solid dispersion
formulations are generally known to improve the dissolption
and bicavailability of many compounds. However, Aungst et
al. has recently demonstrated that this was unable to
improve the bicavailability of an HIV p;otease inhibitor

with a cyclic urea structural backbone, called DMP 323
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{aungst et al., International Journal of Pharmaceutics,
156, 79 (1997)).

In addition, some drugs tend to form crystals when

placed in solution, which can be problematic during
5 formulation.

Polyvinylpyrrolidone (PVP}) is known to inhibit
crystallization of drugs {(Yohicka, M. et zl., J. Pharm.
Sci., B4, 983, 1995). However, prior to the instant
invention, the incorporation of PVP into a second polymer

10 matrix, such as polyethylene glycol, has never been
established.

U.S. 4,610,875 teaches a process for the preparaticon
of a stable pharmaceutical dipyridamcle composition
containing PVP.

15 U.5. 4,769,236 teaches a process for the preparation
of a stable pharmaceutical composition with a high
dissolution rate in the gastrointestinal tract containing
PVP, wherein the pharmaceutical agent is
hydroflumethiazide, dipyridameocle, hydrochlorcthiazide,

20 cyclothiazide, cyclopénthiazide, polythiazide, methyldopa,
spironoclactone, quinidine, cyanidol, metronidazole,
ibuprofen, naproxen, erythromycin, glaphenin, furosemide,

suleoctidil, nitrofurantein, indemethacin, filavoxate,
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phenobarbitol, cyclandelate, ketoprofen, natridrofuryl, or
triamterene.
Thus, it would be a significant contribution to the
art to provide a stable solid dispersion pharmaceutical

formulaticon which demonstrates a lack of crystallization.
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Summary of the Invention

The ingtant invention provides a stable seolid
dispersion pharmaceutical formulation comprising a
5 pharmaceutical compound, a water soluble carrier, such as
polyehtylene glycol (PEG}, and a crystallization inhibitor,
such as pelyvinylpyrrolidone (PVP) or
hydroxypropylmethylcellulose (HPMC} .
Also provided by the instant invention is a
10 pharmaceutical composition comprising a stable solid
dispefsion as described above with additional
pharmaceutically acceptable carriers, diluents, or
excipients.
Additionally provided by the instant invention is a
15 method for preparing a stable solid dispersicon as described
above.
The instant invention still further provides methods
of treatment comprising administering an effective amount
of a stable solid dispersion as described above to a mammal

20 in need of such treatment.
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Brief Desgcription of the Fiqures

Figure 1 illustrates the PXD patterns showing that
Amorphous ABT-538 can be isolated within PEG alone.

Figure 2 illustrates the PXD patterns showing that
Amorphous ART-538 can be isclated with a PVP/PEG matrix.

Figure 3 illustrates the DSC thermograms of PEG, ABT-
538, a physical mixture of the two and a sclid dispersion.
The absence of ABT-538 melting in the dispersion confirms
the above PXD data showing amorphous ABT-538 present in the
dispersion.

Figure 4 illustrates the DSC thermograms of PVP/PEG,
ABT-538, a physical mixture of the two and a solid
digpersion. The absence of ABT-538 melting in the
digpersion confirms the above PXD data showing amorphous
ABT-538 present in the dispersion.

Figure 5 illustrates the effect of PEG or PVP on the
crystallization rate of amorphous ritonavir. The heat of
fusion was used to calculate percent crystallized. In the
presence of PVP the crystallization rate is slower.

Figure 6 illustrates the inhibition of crystallization
using PVP.

Figure 7 illustrates PXD patterns of ABT-538

dispersions with and without PVP stored at 50°C. The data
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demonstrate the improved physical stability of amorphous
ART-538 on storage.
Figure 8 illustrates PXD patterns of fenofibrate
dispersions with and without PVP,
5 Figure 9 illustrates PXD patterns of fenofibrate
digspersions with and without PVP and PEG.
Figure 10 illustrates PXD patterns of fenofibrate
dispersions with and without PEG.
Figure 11 illustrates PXD patterns of fenofibrate
10 dispersions with and without 10% PVP and PEG.
Figure 12 illustrates PXD patterns of griseofulvin
dispersions with and without PEG.
Figure 1313 illustrates PXD patterns of grisecofulvin
dispersions with and without PEG and EBEVP.
15 Figure 14 illustrates PXD patterns of griseofulvin
dispersions with and without PEG.
Figure 15 illustrates PXD patterns cof griseofulvin

dispersions with and without PEG and PVP.

20
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Detailed Descripticon of the Invention

This invention pertains'to the preparation of sclid
dispersion systems for pharmaceuticals which demonstrate a
lack of crystallization.

The invention invelves dispersion in a hydrophilic
matrix of pharmaceuticals which exhibit poor agueocus
solubility. The intent of such a formulation ig to improve
the agueous dissolution properties and ultimately achieve
improved bicavailability. Typically, the intent of such
systems is to generate a dispersion of amorphous (high
enerqgy) drug within the matrix. The presence of the high
energy drug form usually improves the dissclution rate.
Howevér, these systems are not often physically stable.
The drug can crystallize over time, causing the loss of the
desired properties and reduced shelf-life. The current
invention enhances the physical stability of such
formulationsg, thereby making this type of formulation more
feasible.

In the instant invention, PEG 8000 1s used as the
hydrophilic matrix. Also employed in this formulation is
polyvinylpyrrolidone (PVPJ, which is an example of a
hydrophilic, amorphous polymer, and is used to inhibit

crystallization. Other hydrophilic, amorphous polymers

40
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include hydroxypropylmethylcellulogse (HPMC}, or other
pharmaceutically acceptable hydrophilic, amocrphous
polymers. Specifically, PVP PF 17 is used within the PEG
matrix to inhibit the crystallization of the drug of
interest. A range of 1%-95% (w/w) of PVP can be employed,
with a range of 1%-15% (w/w} being preferred.

The benefits of incorporating PVP intc the PEG matrix
are twe f£old. Firstly, processing PVP can be difficult due
to its hygroscopicity. Secondly, when PVP dissclves a
viscous layer at the solid-liquid interface forms. This
viscous region can hinder dissclution of the drug. Another
benefit of adding PVP is an increase in amorphcous volume of
the polymer matrix where drugs may reside. Since
polyethylene glycols tend to be highly crystalline, this
increase in amorphous volume could be important for fastc
dissolution. PVP has the added advantage of having a high
Tg, which imparts stabilization of amorphous regions by
reducing mobility. Therefore, this invention affords the
benefits of the PEG properties in a dispersion along with
those of PVP.

A solid (molecular} dispersion comprigsing an HIV
protease inhibiting compound may be prepared by dissolving
or dispersing the HIV protease inhibiting compound in a

sufficient amount of an organic sclvent followed by
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dispersion into a suitable water soluble carrier. Suitable
organic solvents include pharmaceutically acceptable
solvents such as methanol, ethanol, or other organic
solvents in which the protease inhibitor ig scluble.
Suitable water soluble carriers include peclymers such as
polyethylene glycol (PEG), pluronics, pentaeythritol,
pentaeythritol tetraacetate, polyoxyethylene stearates,
poly-e-caprolactone, and the like.

The organic solvent (preferably ethanol) may then be
evaporated away, leaving the drug dispersed/dissclved in
the molten matrix, which is then cooled. The solid matrix
has the compound finely dispersed (mdlecular dispersion) in
such a way that dissolution of the drug is maximized, thus
improving the bicavailability éf a drug exhibiting
dissclution rate limited absorption. Ease of manufacturing
is also an attribute to this type of formulation. Once the
organic solvent is evaporated to yield a solid mass, the
mass may be ground, sized, and optionally formulated into
an appropriate delivery system. Thus, by improving the
dissolution of a poorly water soluble drug, the drug in a
suitable carrier may be filled into a gelatin capsule as a
solid, or the matrix may potentially be comﬁressed into a

tablet.

62

® 5 AUG 2010



63

10

15

20

WO 01/34119 PCT/US00/31072

i3

The delivery system of the present invention results
in increased scolubility and bioavailability, and improved
dissolution rate of the HIV protease inhibiting compound.

Ocher pharmaceutically-acceptable excipients may be
added to the formulation prior to forming the desired
final product. Suitable excipients include lactose,
starch, magnesium stearate, or other pharmaceutically-
acceptable fillers, diluents, lubricants, disintegrants,

and the like, that might be needed to prepare a capsule

or tablet.

The resulting composition comprising the
pharmaceutical compound may be dosed directly for oral
administration, diluted into an appropriate vehicle for
oral administration, filled into capsules, or made into
tablets for oral administration, or delivered by some
other means obvicus to those skilled in the art. The
compcocsition can be used to improve the oral
bicavailability and solubility of said HIV protease
inhibiting compound.

Total daily deosing of the pharmaceutical compound may
be administered to a human in single or divided doses in
amounts, for example, from 0.001 to 1000 mg/kg body weight
daily, but more usually 0.1 to 50 mg/kg body weight daily.

Dosage unit compositions may contain such amounts of
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submultiples thereof to make up the daily dose. It will be

understood, however, that the specific deose level for any

particular patient will depend upon a variety of factors

including the age, body weight, general health, sex, diet,
& time of administration, rate of excretion, drugs

administered in combination and the severity of the

particular disease undergoing therapy.

One type of pharmaceutical compound that may be

empioyed in the practice of the present invention is an HIV
10 protease inhibitor. An example of an HIV protease

inhibitor is ABT-538 (ritonavir}, the chemical structure of

which is represented hereinbelow as a compound of formula I

15
A compound of formula I is an HIV protease inhibitor
marketed by Abbott Laboratories under the tradename Norvir',

with the common name ritonavir [(25,38%,5%)-5-{N- (N-({ (K-
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methyl-N-{ (2-isopropyl-4-~thiazclyl) -methyl}amino) carbonyl) -
L-valinyl)amino-2- (N~
{(5-thiazolyl)methoxy-carbonyl) -amino)-1,6-diphenyl-3-
hydroxyhexane] . This and other compounds as well as
methods for preparing same are disclosed in U.5. Patent
Nos. 5,648,497 and 5,541,206, the disclosures of which
ére herein incorporated by reference.

Additional HIV protease inhibitors which may be
formulated into a sclid dispersion of the instant

invention include compecunds of formula II

CH3 |l'ii r/“\j
OH O
H N NH
0/\[( qu T
CHs
@] O
HaC CHa

Iz
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A compound of formula II is known As ABT-378
{{28,38,55}-2-(2,6-dimethylphenoxyacetyl) -amino-3-
h?droxy=5—(28-(l—tetrahydropyrimid—z—onyl}-3-methyl-
butanoyl)amino-1, 6-diphenylhexane). This and other
compounds, as well as methods for preparing same, are
identified in U.S. Patent No. 5,914,332, the disclosure

of which is herein incorporated by reference.

Other types of pharmaceutical compounds which may be
employed in the practice of the present invention include
but are not limited to antibacterial agents, antifungal
agents such as griseofulvin, chemotherapeutic agents,
agents for treating hyperlipidemia such as fenoifibrate,

and the like.

The following Examples are provided to further

illustrate the present invention,

K5 AUG 2010
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EXAMPLES
Equipment:
Dsc

DSC measurements were made using a Mettler DSC 30
unit. Samples (4-7mg} were sealed in standard 40 ul
aluminum crucibles with a single hole punched in the
lids. An empty crucible of the same type was used as a

reference.

X-ray Powder Diffraction Analysis

An X-ray powder diffraction (XPD} pattern was
obtained with a Scintag® XDS 2000 8/8 diffraction system
equipped with a 2 kW normal focus X-ray tube and a liguid

nitrogen ccoled germanium solid state detector.

Isothermal Calorimetry (TAM)

The recrystallization reactions of 30% ABRT-528 in
PEG or PEG:PVP (95:5) solid dispersions were monitored
via isothermal calcrimetry (Thermometric 2277
Calorimeter) at 40 °C. Since crystallization is an

exothermic process, a positive power output indicates
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crystallization. The magnitude of the power output at

any time is proportional to the rate of crystallization.

XPD was used to confirm crystallization.

HPLC
The potency wvalues of all the dispersions as well as
the dissolution sample concentrations were determined via

HPLC.

The effect of PVP on the crystallization rate of the
drug in each dispersion system (drug with pclymer) was
investigated with the appropriate experimental technique.

’

The results of these studies are provided in Figures 1-

15.

Three pharmaceuticals of different properties were
employed to demonstrate the general applicability of the
instant invention. These compounds are identified in

Table 1 below:

R 5 AUG 2010
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Taple 3

Model Compounds

Property/Comp ABT-538 Fenofibrate Griseofulvin
ound
MW (g/mole) 720.96 360.84 352.77
Tn (°C) 124 79 218.13
Tg (°C) 45.8 -21.7 91
Example 1

Dispersion Preparations

A. Ritonavir (ABT-538) Dispersion Preparation:

The samples were prepared by dissolving ABT-538 in a
small volume of 200 proof ethanol in a 250 ml round bottom
flask. The flask was vortexed and then placed in a water
bath maintained at 75 °C. The PEG 8000 was added to the hot
alcohol solution with continual swirling until the PEG
melted. The flask was then attached to a rotary
evaporator, immersed in the water bath (75 °C) under vacuum

for 15 minutes to remove the ethanol. After the majority

of ethanol had evaporated, the fiask was immersed in an ice
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bath for 15 minutes. The contents of the flask were then
vacuum dried at room temperature overnight to remove
residual alcohol. The dispersion was removed from the
flask, gently ground, and sized to 40-100 mesh size. The
drug loads used for these dispersions were 10, 20 and 30%

w/w.

B. ABT-378 Dispersion Preparation:

The scolid dispersion of 30% ABT-538 in 95:5
PEGE000:PVP was prepared by dissolving the ABT-538 and
PVP 17 PF in a small volume of 200 proof ethanol in a 250
ml round bottom flask. The remainder of the process was
as desgcribed above. A 30% ABT-538 dispersion in 85:15
PEG80O00:PVP was also prepared similarly as were
dispersions of 1070r 20% PVP 17PF in PEG 8000 without

drug.
C. Fenofibrate Dispersion Preparation:

15% Fencofibrate in PEG 8000:

Both fenofibrate and PEG 8000 were sized to 40-100
mesh prior to mixing with a spatula on weighing paper.
The mixture was then added to a 25 ml beaker and heated

to 85°C in a water bath until the all the material had

k5 AUG 201y
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meited. The molten solution was then poured onto a
chilled X-ray sample holder to rapidly solidify the
solution. The solid sample was immediately used to
monitor the crystallization rate via X-ray powder

diffraction.

15% Fenofibrate in 950:10 PEG 8000:pVP:

Fenofibrate (40-100 mesh) was added toc the 90:10 PEG
8000:PVP control dispersion {(see above) which was also
sized to 40-100 mesh and mixed with spatula on a piece of
weighing paper. The mixture was then processed as
described above for the 15% fenofibrate dispersion in PEG

8000.

D. Grisecfulvin Dispersion Preparation:

15% griseofulvin in PEG 8000:

Both griseofulvin and PEG 8000 were sized to 40-100
mesh prior to mixing on a weighing paper with a spatula.
The sample was then added to an 4 ml stainless steel
vessel which was sealed under a Ny atmosphere. The vesgsel
was then immersed into an oil bath maintained at 180°C.
The sample was occasionally shaken to mix the melten

contents. After S minutes the vessel wag immersed into a
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liquid N; bath for 30 minutes. The contents of the vessel

were removed, gently ground and sized to 40-100 mesh.
15% griseofulvin in 80:20 PEG 8000:PVP:

This dispersion was prepared in a similar manner as
describe above for the 15% griseofulvin in PEG 8000
dispersion using the 80:20 PEG8000:PVP control

dispersion.

E. Results:
ABT-538:

Figure 1 shows the X«réy powder diffraction (XPD)
pattern of ABT-538, processed PEG 8000, a physical
mixture of the two compeonents and the 30% solid
dispersion. A similar plot is shown in Figure 2 with PVP
incorporated into the matrix. It is apparent from these
figures that ABT-538 is not crystalline within either
matrix. Figure 3 shows the DSC thermograms of ABT-538,
PEG8000, the 30% physical mixture and the dispersion. A
similar plot is seen in Figure 4 for the PEG:PVP
dispersion. The endotherm associated with drug melting
can clearly be discerned from the other components,

Thus, it is possible to follow the kinetics of ABT-538
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crystallization via DSC measurements. Crystallization
kinetics were determined by heating the samples to 85°C,
holding them isothermally for predetermined times
follawed by heating through the melting transition
5 temperature of ABT-538. The heats of fusion were
determined and ratioed against the heat of fusion of the
drug melting in the physical mixture, giving the fraction
crystallized. The percent crystallized as a function of
isothermal (85°C) hold time is shown in Figure 5. It 1is
10 clear from this experiment that the presence of PVP
within the ﬁatrix suppresses the crystallization rate of
ABT-538.
The crystallization rate was also followed via the
heat associated with crystallization of ABT-538 using a
15 isothermal calorimetry. The shapes and magnitudes of the
crystallization peaks in Figure & indicate that ABT-538
crystallizes more readily in the PEG matrix as compared
to the PEG:PVP matrix. This stabilizing effect of PVP is
also reflected in the times required for complete
20 crystallization (time to reach baseline) which were <i0
hours for PEG and 30 hours for PEG:PVP (95:5). These
data support the previous DSC results.
An additional study was performed with a dispersion

containing 15% PVP, The samples were held at 50°C (above
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the Ty of ABT-538) and X-ray diffraction patterns were
measured over time to monitor for the appearance of
crystalline ABT-538. Figure 7 shows that in the
presence of PVP, crystalline ABT-538 is not present after
272 hours, while in PEG8000 alone crystalline drug is

detected at 233 hours (and bpefore, data not shown).

Fenofibrate:

Figure 8 shows the XPD patterns of PEG 8000,
fenofibrate, a 15% physical mixture and the 15%
fenofibrate solid dispersion. The figure illustrates
that the fenofibrate is X-ray-amorphous within the
matrix. A similar plot with the XPD patterns for the 15%
fencfibrate dispersion in a 90:10 PEG 8000:PVP matrix is
presented in Figure 9. Again, the fenofibrate is
amorphous. Upon storage at 25°C, the fenofibrate begins
to crystallize in the PEG 8000 matrix within 1 hour
(Figure 10). Additional crystallization follows upto 12
hours, when the experiment was terminated. 1In the
presence of PVP (Figure 11}, the fencfibrate does not
crystallize in the timeframe of the experiment. This
clearly demonstrates the inhibitory effects of PVP cn

crystallization within the PEG 8000 matrix.
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Griseofulvin:

Similar XPD patterns for the griseofulvin dispersien
in PEG 8000 and B0:20 PEG BO0Q0Q:PVP matrices are shown in
Figures 12 and 13, respectively. In both instances,

5 amorphous griseofulvin is isolated within the respective
matrices. The XPD rate of crystallization experiments
show that after one hour at 25°C, griseofulvin begins to
crystallize (Figure 14). However, in the presence of PVP
(Figure 15), crystallization is not cbserved even after

10 15 hours under the same conditioms. Thig again
demonstrates the inhibitory effects of PVp amorphous drug

crystallization -within a PEG matrix.

15 E. Conclusions:

The data presented demonstrate that pvp incorporated
within a hydrophilic matrix, such as PEG 8000, inhibits
crystalliization of drug molecules having varying
physicochemical properties. Thus, the ingtant invention

20 has a broad application to development of viable solid
dispersion formulations where the high energy amorphous

{non-crystalline) form of a drug is desired.
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Example 2

Stability of Dispersion in Molten PEG 8000

The stability of the dispersion of ABT-538 in PEG
8000 in the molten state at 70 °C was examined.
Individual approximately 5 mg guantities of the
dispersion (aged for 6 weeks at room temperature) were
placed in 4 ml glass vials. These vials, with the
exception of the initial time point, were placed in a
70 °C oven which was sampled at pre-determined intervals,
chilled in ice water and placed in the freezer until HPLC
analysis. After all samples were collected, they were
analyzed for ABT-538 content by HPLC. The HPLC system
consisted of a Hitachi AS 4000 autosampler, SP 8800
ternary pump, Applied Biosystems 783 detector, and PE
Nelson Data acquisition system. Other chromatographic
details included a Regis Little Champ 5 cm €-18 cclumn, a
mobile phase consisting of an agueocus solution of 0.1%
trifluorcacetic acid in 10 mM aéueous tetramethyl
ammenium perchlorate (TMAP)/acetonitrile/methancl
(55/40/5). The flow rate was 1 ml/minute, the wavelength
of detection was 205 nm, and the injection volume was 100

#l. Standard curves of peak area of ABT-538 vs.

P 5 AUG 2010
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concentration in the range of interest were compared with

experimentally obtained area counts.

Example 2

Protocol For Oral Biocavailability Studies

Dogs (beagle dogs, mixed sexes, weighing 7-14 kg) are
fasted overnight prior to dosing, but are permitted water
ad libitum. Each dog receives a 100 ug/kg subcutaneous
dose of histamine approximately 30 minutes prior to dosing.
Each dbg receives a single solid dogsage form corresponding
to a 5 mg/kg dose of the drug. The dose is followed by
approximately 10 milliliters of water. Blood samples are
obtained from each animal prior to dosing and at 0.25, 0.5,
1.0, 1.5, 2, 3, 4, &, 8, 10 and 12 hours after drug
administraticn. The plasma is separated from the red cells
by centrifugation and frozen (- 30 °C) until analysis. The
concentrations of parent drug is determined by reverse
phase HPLC with low wavelength UV detection following
liquid-liquid extraction of the plasma samples. The parent
drug area under the curve is calcﬁlated by the trapezcidal
method over the time course of the study. The absolute
bicavailability of each test compesiticn is calculated by

comparing the area under the curve after oral dosing to
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that obtained from a single intravenous dose. Each capsule
or capsule composition is evaluated in a group containing

at least six dogs. The values reported are averages for

each group of dogs.
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WE CLAIM:
1. A pharmaceutical composition comprising a solid

dispersion of a pharmaceutical compound, a water soluble
carrier, and a crystallization inhibitor gselected from the
group consisting of polyvinylpyrrolidone {pvP) and

hydroxypropylcellulose (HPMC).

2. The composition of Claim 1 wherein said water

soluble carrier is polyethylene glycol (PRG).

3. The composition of Claim 1 wherein said
pharmaceutical compound is an HIV protease inhibitor

dissclved in an organic solvent.

4. The composition of Claim 3 wherein said organic

solvent is ethanol.

5. The composition of Claim 3 wherein said HIV
protease inhibitor is 28,3S5,5S8)-5- (N- (N-{(N-methyl-N-({2-
isopropyl-4-thiazolyl)methyl)amino)carbonyl) L~
valinyl)amine-2- (N- ((S-thiazolyl)methoxy-carbonyl) -amino) -

amino-1, 6-diphenyl-3-hydroxyhexane (ritonavir).
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6. The composition of Claim 3 wherein said HIV

protease inhibitor is (28, 38, 58)-2-(2,6-

Dimethylphenoxyacetyl)amino-3-hydroxy-5-[2S- (1-tetrahydro-

pyrimid-2-onyl} -3-methyl-butanoyl] amino-1, é-diphenylhexane

(ABT-378) .

7. The composition of Claim 3 wherein said HIV

protease inhibitor is a combination of 28,385,58)-5- (N-{N-

({N-methyl-N- ({2-isopropyl-4-

thiazolyl)methyl)amino)carbonyl)L-valinyl)amino-2- (N-{(5-

thiazolyl)methoxy-carbonyl) -amino) -amino-1, 6-diphenyl-3-

hydroxyhexane

(ritonavir) and (2S, 3S, 58)-2-(2,6-

Dimethylphenoxyacetyl)amino-3-hydroxy-5-[28- (1-tetrahydro-

pyrimid-2-onyl) -3-methyl butanoyl] amino-1,6-diphenylhexane

(ABT-378) .

8. The composition of Claim 2 wherein said solid

dispersion is

g. The

dispersion is

10. The

additive or a

encapsulated in a hard gelatin capsule.

composition of Claim 2 wherein said solid

compressed into a tablet.

composition of Claim 1 further comprising an

mixture of additives independently selected

B 5 AUG 2010
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from the group consisting of pharmaceutically acceptable

surfactants and antioxidants.

11. The composition of Claim 1 wherein said

pharmaceutical compound is fencofibrate.

12. The composition of Claim 1 wherein said

pharmaceutical compound is griseofulwvin.

13. A method of preparing a composition of Claim 1
which comprises:

a) dissolving a pharmaceutical compound inhibitor
into an organic solvent to form a solution;

b} adding a water soluble carrier to said
solution to form a mixture;

c) adding PVP to said mixture of step b);

d) optionally flash evaporating said solvent;

e) optionally drying the resulting reéidue
remaining after evaporation;

f} optiocnally grinding and sieving the solid

dispersion to obtain a resultant product.
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14. The method of Claim 13 additionally comprising
encapsulating the solid dispersion in a hard gelatin

capsule.

5 15. The method of Claim 13 additionally comprising

compressing said solid dispersion into a tablet.

16. The wmethod of Claim 13 wherein said
pharmaceutical compound is an HIV proteéase inhibitor.
10
17. The method of Claim 16 wherein said HIV protease
inhibitor is selected from the group consisting of
(25, 38,58) -5- {N- (N~ ( {N-methyl-N- ((2-isopropyl-4-
thiazolyl)methyl)amino)carbonyle—valinyl)amino—2—[N—{(S—
15 thiazolyllmethoxy-carbonyl) -amino) -amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir}) and (28, 35S, 585)-2-(2,6)-
Dimethylphenoxyacetyl) amino-3-hydroxy-5-
[28- (1-tetrahydro-pyrimid-2-onyl}-3-methyl butanoyl]
amino-1i, 6-diphenylhexane (ABT-378).
20
18. The method of Claim 13 wherein said sclwvent is

ethanol.
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19. The method of Claim 13 wherein said water soluble

carrier is polyethylene glycol (PEG).

20. A method of treating an HIV infection comprising
5 administering an effective amount of a solid dispersion of
Claim ) to a mammal in need of such treatment, wherein said

pharmaceutical compound is an HIV protease inhibitor.

21. The method of Claim 20 wherein said HIV protease
10 inhibitor is selected from the group consisting of
(28,38,58) -5- {N=- (N- { (N-methyl-N- ( (2-isopropyl-4-
thiazolyl)methyl) amineo) carbonyl)Li-valinyl)amino-2- (N~ { (&-
thiazolyl)methoxy-carbonyl) -amino) -amino-1, 6-diphenyl-3-
hydroxyhexane {ritonavir) and (28, 3§, 58)-2-{(2,6}-
15 Dimethylphenoxyacetyl)amino-3-hydroxy-5-
[28-(1-tetrahydro-pyrimid-2-onyl) -3-methyl butanoyl]

amino-1,6-diphenylhexane (ABT-378).

22. A method of treating hyperlipidemia comprising
20 administering an effective amount of a solid dispersion of
Claim 1 te a mammal in need of such treatment, wherein said

pharmaceutical compound is fenofibrate.
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23. A method of treating a fungal infection
comprising administering an effective amount of a seolid
dispersicn of Claim 1 to a mammal in need of such
treatment, wherein said pharmaceutical compound is

griseofulvin.
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IMPROVED PHARMACEUTICAL FORMULATIONS

Technical‘Field

Thig invention relates to improved pharmaceutical
formulations comprising at least one HIV protease inhibiting
compound in a pharmaceutically acceptable soluticn of a long
chain fatty acid, ethanol, and water, wherein said HIV protease
inhibiting compound contained therein has improved solubility

properties.

Background of the Invention

Inhibkitors of human immunodeficiency wirus {(HIV) protease
have been approved for use 1in the treatment of HIV infection
for several years. A particulariy effective HIV protease
inhibitor is (28,3S5,58)-5~-(N-{N-((N-methyl-N-((2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)amino-1,6-diphenyl-3-
hydroxyvhexane {(ritonavir), which is marketed as NORVIR®.
Ritonavir is known to have utility for the inhibition of HIV
protease, the inhibition of HIV infection and the enhancement
of the pharmacckinetics of compounds which are metabolized by
cytochrome P450 monooxygenase. Ritonavir is particularly
effective for the inhibition of HIV infection when used alone
or in combination with one or more reverse transcriptase

inhibitors and/or one or more other HIV protease inhibitors.
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HIV protease inhikiting compounds typically are
characterized by having poor oral biocavailability and there is
a continuing need for the development of improved oral dosage
forms for HIV protease inhibitors which have suitable oral
bicavailability, stability and side effects profiles.

Ritonavir and processes for its preparation are disclosed
in U.S. Patent No. 5,541,206, issued July 30, 1996, the
disclosure of which is herein incorporated by reference. This
patent discloses processes for preparing ritonavir which
produce a crystalline polymorph of ritonavir, known as
crystalline Form I.

Another process for the preparation of ritonavir is
digsclogsed in U.S5. Patent No. 5,567,823, issued October 22,
1996, the disclosure of which is herein incorporated by
reference. The process disclosed in this patent also produces
ritonavir as crystalline Form I.

Pharmaceutical compositions comprising ritonavir or a
pharmaceutically acceptable =salt thereof are disclosed in U.S.
Patent Nos. 5,541,206, issued July 30, 1996; 5,484,801, issued
January 16, 1996; 5,725,878, issued March 10, 1998; and
5,559,158, issued September 24, 19%6 and in International
Application No. W098/22106, published May 28, 1998
(corresponding to U.S8. Serial No. 08/966,455, filed November 7,
1997), the disclosures of all of which are herein incorporated
by reference.

The use of ritonavir to inhibit an HIV infection is
disclosed in U.S. Patent No. 5,541,206, issued July 30, 1996.

The use of ritonavir in combination with one or more reverse
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transcriptase inhibitors to inhibit an HIV infection is
disclosed in U.S. Patent No. 5,635,523, issued June 3, 1997.
The use of ritonavir in combination with one or more HIV
protease inhibitors te inhibit an HIV infection is disclosed in
17.8. Patent No. 5,674,882, issued October 7, 1997. The use of
ritonavir to enhance the pharmacokinetics of compounds
metabolized by cytochrome P450 monooxygenase is disclosed in WO
97/01349%, published January 16, 1%%7 {corresponding to U.S.
Serial No. 08/687,774, filed June 26, 199¢). The disclosures
cf all of these patents and patent applications are herein
incorporated by reference.

Examples of HIV protease inhibiting compounds include
N- (2 (R) -hydroxy-1
($)-indanyl} -2 {R) -phenylmethyl-4 (S} -hydroxy-5- (1- {4~ (3-
pyridylmethyl}-2(S)-N'- {(t-butylcarboxamido) -piperazinyl) ) -penta
neamide (for example, indinavir) and related compounds,
disclosed in European Patent Application No. EP 541168,
published May 12, 1993, and U.5. Patent No. 5,413,999, issued
May 9, 1995, both of which are herein incorporated by
reference;
N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(8)-[[N-(2-gui
nclylcarbonyl) -L-asparaginyl!}amino] butyl] - (4a8, 8a8) -
isoquinoline-3{S) -carboxamide (for example, saguipavir) and
related compounds, disclosed in U.S8. Patent No. 5,196,438,
issued March 23, 1993, which is incorporated herein by
reference;
5 (S) ~-Boc-amino-4 (S) -hydroxy-6-phenyl-2(R) -phenylmethylhexanoyl-
(L} -val- {L}) -Phe-morpholin-4-ylamide and related compounds,

W5 AUG 201U
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disclosed in European Patent Application No. EPS532466,
published March 17, 1993, which is incorporated herein by
reference; 1 -Naphthoxyacetyl-beta- methylthic-Ala-(2S,38)
-3-amino-2-hydroxy-4-butanoyl 1,23-thiazolidine-4-t-butylamide
(for example, 1-Naphthoxyacetyl-Mta-(28,3S)-AHPBA-Thz-NH-tBu),
5-isogquinolinoxyacetyl-beta-~nethylthio-Ala-{25,38)-3-amino-2-h
ydroxy-4-butanoyl-1,3-thiazolidine-4-t-butylamide (for example,
iQoa-Mta-Apns-Thz-NHtBu) and related compounds, disclosed in
European Patent Application No. EP490667, published June 17,
1992 and Chem. Pharm. Bull. 40 (8} 2251 {(1992), which are bkoth
incorporated herein by reference; {1 S-[1 R-(R-),28*]}-Nl
(3-0[0[0¢1,2 -

dimethylethyl) amino]} carbonyl] (2-methylpropyl)amine] -2-hydroxy-1
- {phenylmethyl) propyl}-2- [(2-

quinolinylcarbonyl)amino] -butanediamide {(for example, S5C-52151)
and related compounds, disclosed in PCT Patent Application No.
W092/08701, published May 29, 1992 and PCT Patent Application
No. W093/23368, published November 25, 1993, both of which are

herein incorporated by reference;
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N

(for example, VX-478) and related compounds, disclosed in PCT

Patent Application No. WO 94/05639, published March 17,

1994,
which is incorporated herein by reference;
/’ji‘\
HO N N

OH
HO OH
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{for example, DMP-323) or

A

f42pd - f4f12

HO CH

(for example, DMP-450} and related compounds, disclosed in PCT
Patent Application No. WO 93/07128, published April 15, 1993,

which is incorporated herein by reference;
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for example, AG1343, {nelfinavir)),
disclosed in PCT Patent Application No. WO 95/09843, published
April 13, 1995 and U.S. Patent No. 5,484,926, issued January

16, 19%6, which are both incorporated herein by reference;
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(for example, BMS 186,318) disclosed in Eurcpean Patent
Application No. EPS5B80402, published January 26, 1994, which is

incorporated herein by reference;
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(for example, SC-55389a) and related compounds disclosed in PCT
Patent Application No. WO 9506061, published March 2, 1995,
which iz incorporated herein by reference and at 2nd National
Conference on Human Retroviruses and Related Infections,

- Feb. 2, 1995), Session 88; and

{(Waghington, D.C., Jan. 28

Val- NH N

O J<
o) N
H

{(for example, BILA 1096 BS) and related compounds disclosed in
European Patent Application No. EPS560268, published September

=
==
N

nuu:%
e,
I

15, 1993, which is incorporated herein by reference; and
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HN ~ ™
2 N
O O

{(for example, U-140690) and related compounds disclosed in PCT
1995,

Patent Application No. WO 9530670, published November 16,

which is incorporated herein by reference; or a

pharmaceutically acceptable salt of any of the above.
Other examples of HIV protease inhibiting compounds

include compounds of formula I:

CHs
HiC
=N CH Ry
S \;J\/ ! ? o OH 0
\‘rNH\(‘\NH , RHJ\O/Y\N
0 Ry S
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wherein Rl is lower alkyl and R2 and R3 are phenyl and related
compounds or a pharmaceutically acceptable salt thereof,
disclosed in PCT Patent Application No. WO 94/14436, published
July 7, 1994 and U.S8. Patent No. 5,541,206, issued July 30,
1996, both of which are incorporated herein by reference. The
compounds of formula I are useful to inhibit HIV infections
and, thus, are useful for the treatment of AIDS.

In particular, the compound of formula II, has been found

to be especially effective as an inhibitor of HIV protease.

CHjy
@

- CHa

o N ] o OH j\

— N

NH

e I,
o CH; CHjx

The most preferred compound of formula II is
{25,35,58) -5- (N- (N- { (N-
Methyl-N-({2-iscpropyl-4-thiazolyl)methyl}-aminc) carbonyl)
valinyli)amino) -2- (N- {{5-thiazclyl methoxycarbonyl)amino}-1
6§ -diphenyl-3-hydroxyhexane (ritonavir; a compound of formula
III) or a pharmaceutically acceptable salt thereof.

Other examples of HIV protease inhibiting compounds also
include compounds cof formula IV:

-
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EO
=X

Y

wherein R1 is benzyl, R2 is benzyl or loweralkyl, R3 is

loweralkyl and RS is

.NJ\NH '-Nj\nu
) A

and related compounds or a pharmaceutically acceptable salt
thereof, disclosed in U.S. Patent Application No. 08/572,226,
filed December 13, 1996 and U.S. Patent Application No.
08/753,201, filed November 21, 1996 and Internaticnal Patent
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Application No. W097/21685, published June 19, 19%7, all of
which are incorporated herein by reference.
A preferred compound is the compound of formula IV wherein

Rl and R2 are benzyl, R3 is iscpropyl and R5 1s

A most preferred compound of formula IV is (2S5, 38,

58)-2- (2, 6Dimethylphenoxyacetyl)
amino-3-hydroxy-5-[28-{1-tetrahydro-pyrimid-2-onyl)}-3-methyl
butanoyl] amino-1,&-diphenylhexane {a compound of formula V) or
a pharmaceutically acceptable salt therecf. The preparation of
a compound of formula V is disclosed in U.S. Patent Application
No. 08/572,226, filed December 13, 19%6 and U.S. Patent
Application No. 08/753,201, filed November 21, 1996 and
International Patent Application No. WO 97/21685, published
June 19, 19397.

A compound of formula III has an aguecus solubility of
approximately 6 micrograms per milliliter at pH >2. This is
considered to be extremely poor agueous solubility and,
therefore, a compound of formula III in the free base form
would be expected tc provide very low oral bicavailability. In

fact, the free base form of a compound of formula III,
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administered as an unformulated solid in a capsule dosage form,
is characterized by a biocavailability of less than 2% following
a 5 mg/kg oral dose in dogs.

Acid addition salts of a compound of formula III (for
example, bis-hydrochloride, bistosylate, bis-methane sulfonate
and the like) have aquecous solubilities of <0.1
milligrams/milliliter. This is only a slight improvement ocver
the solubility cf the free base. This low agueous solubility
would not make practical the administration of therapeutic
amounts of an acid addition salt of a compound of formula III
as an agqueous solution. Furthermore, in view of this low
aqueous solubility, it is not surprising that the bis-tosylate
of compound III, adminisgstered as an unformulated solid in a
capsule dosage form, is characterized by a bicavailability of
less than 2% following a 5 mg/kg oral dose in dogs.

In order to have a suitable oral dosage form of a compound
of formula 1II, the oral bicavailability of a compcound of
formula III should be at least 20%. Preferably, the oral
bicavailability of a compound of formula III from the dosage
form should be greater than about 40% and, more preferably,
greater thapn about 50%.

Cne measure of the potential usefulness of an oral dosage
form of a pharmaceutical agent is the biocavailability observed
after oral administration of the dosage form. Various factors
can affect the bicavailability of a drug when administered
orally. These factors include aqueous scolubility, drug
absorption throughout the gastrointestinal tract, dosage

strength and first pass effect. Agqueous solubility is one of
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the most important of these factors. When a drug has poor
agqueous solubility, attempts are often made to identify salts
or other derivatives of the drug which nave improved agueous
solubility. When a salt or other derivative of the drug is
identified which has good aqueous sclubility, it is generally
accepted that an aqueous solution formulation of this salt or
derivative will provide the optimum oral biocavailability. The
bicavailability of the oral solution formulation of a drug is
then generally used as the standard or ideal biocavailability
against which other oral dosage forms are measured.

For a variety of reasons, such as patient compliance and
taste masking, a solid dosage form, such as capsules, is
usually preferred over a liquid dosage form. However, oral
eo0lid dosage forms, such as a tablet or a powder, and the like,
of a drug generally provide a lower bioavailability than cral
solutions of the drug. One goal of the development of a
suitable capsule dosage form ig to obtain a bicavailability of
the drug that is as close as possible to the ideal
bioavailability demonstrated by the oral golution formulation
of the drug.

While some drugs would be expected to have good solubility
in organic solvents, it would not necessarily follow that oral
administration of such a solution would give good
bioavailability for the drug. It has been found that a
compound of formula III has good solubility in pharmaceutically
acceptable organic solvents and that the solubility in such
solvents is enhanced in the presence of a pharmaceutically

acceptable long chain fatty acid. Administration of the
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solution as an encapsulated dosage form {(soft elastic capsules
or hard gelatin capsules) provides an oral bicavailability of
as high as about 60% or more.

Solubility is therefore an important factor in the
formulation of HIV protease inhibiting compounds.

Thus, it would be an important contribution to the art to
provide an improved pharmaceutical formulation comprising at
least one HIV protease inhibiting compound having enhanced

dissolution properties.
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Brief Description of the Drawinags

Figure 1 illustrates
of the substantially pure
ritonavir.

Figure 2 illustrates
of the substantially pure
ritonavir.

Figure 3 illustrates
Ritonavir Form IT,

Figure 4 illustrates

Ritonavir Form I.

the powder X-ray diffraction pattern

Form I crystalline polymorph of

the powder X-ray diffraction pattern
Form II crystalline polymorph of

the equilibrium solubility of

the equilibrium solubility of

Figure 5 illustrates the effect of added water on the

solubility of Ritonavir Form II.

Figure 6 illustrates the dissolution profile of Ritcnavir

Form II crystals.

Figure 7 illustrates the 3D plots for the solubility of

Ritonavir Form I and II as a function of temperature, water,

and ethanol.
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Summary of the Invention

The instant invention provides a pharmaceutical
composition comprising at least one HIV protease inhibiting
compound in a pharmaceutically acceptable sclution of a long
chain fatty acid, ethanol, and water, wherein said HIV protease
inhibiting compound contained therein has improved solubility

properties.

Detailed Description of the Invention

The instant invention comprises a soluticn of an HIV
protease inhibiting compound or a combination of HIV protease
inhibiting compounds or pharmaceutically acceptable salts
thereof in a pharmaceutically acceptable organic solwvent
comprising a mixture of at least one pharmaceutically
acceptable long chain fatty acid, ethanol, and water.

The compositions of the instant invention provide greatly
improved solubility for HIV protease inhibiting compounds
contained therein when compared to analogous compositions
without added water.

A preferred composition of the invention is a
solution comprising (a) an HIV protease inhibiting
compound or a combination of HIV protease inhibiting
compounds (preferably, a compound of the formula II or
IV or saguinavir or nelfinavir or indinavir or, more

preferably, a compound of formula III or V or
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saguinavir or nelfinavir or indinavir, or, most
preferably, a compound of the formula III or V); or a
combination of a compound of the formula II or
nelfinavir and another HIV protease inhibitor
{(preferably, the compound of the formula IV or
saquinavir or indinavir or nelfinavir, or, more
preferably, a combination of a compound of the formula
III or nelfinavir and another HIV protease inhibitor
(preferably, the compound of the formula V or saguinavir
or indinavir or nelfinavir), or, most preferably, a
combination of a compound of formula III and a compound
of formula V) in the amount of from about 1% to about
50% (preferably, from about 1% to about 40%; more
preferably, from about 10% to about 40% by weight of the
total solution, (b} a pharmaceutically acceptable
organic solvent which comprises (i} a pharmaceutically
acceptable long chain fatty acid in the amount of from
about 20% to about 99% (preferably, from about 30% to
about 75% by weight of the total solution or (ii) a
mixture of (1) a pharmaceutically acceptable long chain
fatty acid in the amount of from about 20% to about 99%
{preferably, from about 30% to about 75% by weight of
the total solution; (2} ethanol in the amount of from
about 1% to about 15% (preferably, from about 3% to
about 12%) by weight of the total solution; (c) water in
the amount of from about 0.4% to about 3.5%; and {(d) a
pharmaceutically acceptable surfactant in the amount of

from about 0% to about 40% (preferably, from about 2% to
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about 20% and most preferably, from about 2.5% to about
15%) by weight of the total solution. In a preferred
embodiment of the invention, the solution is
encapsulated in a soft elastic gelatin capsule ({SEC) or
a hard gelatin capsule.

Preferably, the pharmaceutically acceptable organic
solvent comprises from about 50% to about 22% by weight
of the total solution. More preferably, the
pharmaceutically acceptable organic solvent or mixture
of pharmaceutically acceptable organic solivents
comprises from about 50% to about 75% by weight of the
total solution.

Preferred pharmaceutically acceptable scivents
comprise {1) a pharmaceutically acceptable long chain
fatty acid in the amount of from about 40% to about 75%
by weight of the total solution; (2} ethanol in the
amount of from about 1% to about 15% by weight of the
total solution; and (3) water in the amount of from
about 0.4% to about 3.5% by weight of the total
solution. More preferred pharmaceutically acceptable
solvents comprise (1) a pharmaceutically acceptable long
chain fatty acid in the amount of from about 40% to
about 75% by weight of the total solution and (2)
ethanol in the amount of From about 3% to about 12% by
weight of the total solution. Even more preferred
pharmaceutically acceptable solvents comprise (1) oleic
acid in the amount of from about 40% to about 75% by

weight of the total solution and {2) ethanol in the
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amount of from about 3% to about 12% by weight of the
total solution.

In one embodiment of the invention, a more
preferred composition of the invention is a solution
comprising (a) ritonavir in the amount of from about 1%
to about 30% (preferably, from about 5% to about 25%) by
weight of the total solution, (b) a pharmaceutically
acceptable organic solvent which comprises (i) a
pharmaceutically acceptable long chain fatty acid in the
amount of from about 40% to about 99% (preferably, from
about .30% to about 75% by weight of the total solution
or (ii) a mixture cf (1) a pharmaceutically acceptable
long chain fatty acid in the amount of from about 40% to
about 99% (preferably, from about 30% to about 75% by
weight of the total solution and (2) ethancl in the
amount of from about 1% to about 15% {preferably, from
about 3% to about 12%)} by weight of the total sclution,
{c}) water in the amount of from abecut 0.4% to about 3.5%
and (d) a pharmaceutically acceptable surfactant in the
amount of from about 0% to about 20% (preferably, from
about 2.5% to about 10%} by weight of the total
sclution.

In a more preferred embodiment of the invention,
the solutien is encapsulated in a soft elastic gelatin
capsule (SEC) or a hard gelatin capsule.

An even more preferred composition of the inventicon

is a solution comprising (a) ritonavir in the amount of

| 2.2
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from about 1 % to about 30% (preferably, from about 5%
to about 25%) by weight of the total solution,

{b} a pharmaceutically acceptable organic solvent which
comprises {i) oleic acid in the amount of from about 15%
to about 99% (preferably, from about 30% to about 75% by
welght of the total solution or (ii) a mixture of (1)
oleic acid in the amount of from about 15% to aboutr 99%
(preferably, from about 30% to about 75% by weight of
the total solution and {2} ethanol in the amount of from
about 1% to about 15% {preferably, from about 3% to
about 12%) by weight of the total solutiopn, (¢} water in
the amount of from about 0.4% to about 3 5%, and (d)
polyoxyl 3% castor oil in the amount of from about 0% to
about 20% (preferably, from about 2.5% to about 10%) by
weight of the total solution.

In an even more preferred embediment of the invention,
sclution is encapsulated in a soft elastjc gelatin
capsule (SEC) or a hard gelatin capsule.

A most preferred composition of the invention is a
solution comprising (a) ritonavir in the amount of about
10% by weight of the total solution, (b) a
pharmaceutically acceptable organic solvent which
comprises a mixture of (1) oleic acid in the amount of
from about 70% to about 75% by weight of the total
solution and {2) ethanol in the amount of from about 3%
to about 12%, preferably, about 12%, by weight of the

total soluticon, (¢} water in the amount of from about

the
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0.4% to about 1.5% and (d) polyoxyl 35 castor oil in the
amount of about 6% by weight of the total solution.

In a most preferred embodiment of the invention,
the sclution is encapsulated in a soft elastic gelatin
capsule (SEC) or a hard gelatin capsule and the solution
also comprises an antioxidant (preferably, BHT
(butylated hydroxytoluene}) in the amount of about
0.025% by weight of the total solution.

The term "pharmaceutically acceptable long chain fatty
acid" as used herein refers to saturated, mono- or di-
unsaturated C,, to C;e carboxylic acids which are liquids at
room temperature. Preferred long chain fatty acids are
mono-unsaturated Cy¢-Cp¢ carboxylic acids which are ligquids at
room temperature. A most preferred long chain fatty acid is
oleic acid.

The amount of water employed in the pharmaceutical
composition of the instant invention comprises from about 0.4%
to about 3.5% by weight of the total sclution of water.
Preferably, the weight of the total solution of water is from
about 0.4% to about 2.0%; more preferably from about 0.4% to
about 1.5%; and the most preferred being about 1%.

In addition, the solution composition cf the invention can
comprise antioxidants (for example, ascorbic acid, BHA
{butylated hydroxyanisole), BHT (butylated hydroxytocluene),
vitamin E, vitamin E PEG 1000 succinate and the like} for
chemical stability.

The term "pharmaceutically acceptable acid" as used herein

refers to (i) an inorganic acid such as hydrochloric acid,
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hydrobromic acid, hydroiodic¢ acid and the like, (ii) an organic
mono-, di- or tri-carboxylic acid (for example, formic acid,
acetic acid, adipic acid, alginic acid, citric acid, ascorbkic
acid, aspartic acid, benzoic acid, butyric acid, camphoric
acid, gluconic acid, glucuronic acid, galactaronic acid,
glutamic acid, heptanoic acid, hexanocic acid, fumaric acid,
lactic acid, lactobionic acid, malonic acid, maleic acid,
nicotinic acid, oxalic acid, pamoic acid, pectinic acid, 2-
phenylpropionic acid, picric acid, pivalic acid, propionic
acid, succinic acid, tartaric acid, undecancoic acid and the
like) or (iii) a sulfonic acid (for example, benzenesulfonic
acid, sodium bisulfate, sulfuric acid, camphorsulfonic acid,
dodecylsulfonic acid, ethanesulfonic acid, methanesulfonic
acid, isethionic acid, naphthalenesulfonic acid, p-
toluenesulfonic acid and the like).

The term "pharmaceutically acceptable surfactant"
as used herein refers to a pharmaceutically acceptable
non-icnic surfactant for example, polyoxyethylene castor
cil derivatives (for example,
polyoxyethyleneglycercltriricinoleate or polyoxyl 35
castor oil [(Cremophor (&EL, BASF Corp.) or
polyoxyethyleneglycercl oxystearate (CremophorVRH 40
(polyethyleneglycol 40 hydrogenated castor oil)} or
Cremophor, &RH 60 (polyethyleneglycol 60 hydrogenated
castor oil), BASF Corp. and the like) or block
copolymers of ethylene oxide and propylene oxide, also
known as polyoxyethylene polyoxypropylene block
copolymers or polyoxyethylenepolypropylene glycol, such

4
.3

[ s



WO 00774677 PCT/US00/14342

25

as Poloxamer®l24, Poloxamersl 88, Poloxamerg237,
Poloxamer'9388, Poloxamer'9407 and the like, (BASF
Wyandotte Corp.) or a mono fatty acid ester of
polyoxyethylene {(20) sorbitan (for example,
polyoxyethylene (20} sorbitan monocoleate {Tween 80),
polyoxyethylene (20) sorbitan monostearate (Tween 60),
polyoxyethylene (20) sorbitan monopalmitate (Tween@ 40),
pelyoxyethylene (20) sorbitan monolaurate (Tweens 20)
and the like) and the like) or a sorkitan fatty acid
ester {including sorbitan laurate, sorbitan oleate,
sorbitan palmitate, sorbitan stearate and the like). A
preferred pharmaceutically acceptable surfactant is
polyoxyl 35 castor oil (Cremophcor@EL, BASF Corp.),
polyoxyethylene (20) sorbitan monolaurate (Tween@) 20},
pclyoxyethylene (20} sorbitan monocleate (Tween@ 8Q0) or
a sorbitan fatty acid ester, for example sorbitan
oleate. A most preferred pharmaceutically acceptable
surfactant is polyoxyl 35 castor oil (CremophorsEL, BASF
Corp.) .

As used herein, the term *substantially pure”, when used
in reference to a polymorph of ritonavir, refers to a polymorph
of ritonavir, Form I or Form II, which is greater than about

90% pure. This means that the polymorph of ritcnavir does not

contain more than about 10% of any other compound and, in

particular, does not contain more than about 10% of any other
form of ritonavir. More preferably, the term "substantially

pure” refers to a polymorph of ritonavir, Form I or Form II,
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which is greater than about 95% pure. This means that the
polymorph of ritonavir does not contain more than about 5% of
any other compound and, in particular, dees not contain more
than about 5% of any other form of ritonavir. Even more
preferably, the term “substantially pure” refers to a polymorph
of ritonavir, Form I or Form II, which is greater than about
57% pure. This means that the polymorph of riteonavir does not
contain more than about 3% of any other compound and, in
particular, does not contain more than about 3% of any other
form of ritonavir.

As used herein, the term “substantially pure”, when used
in reference to amorphous ritonavir, refers to amorphous
ritonavir which is greater than about 90% pure. This means
that the amorphous ritonavir does not contain more than about
10% of any other compound and, in particular, does not contain
more than about 10% of any other form of ritonavir. More
preferably, the term "“substantially pure®”, when used in
reference to amorphous ritonavir, refers to amecrphous
ritonavir, which is greater than about 3%5% pure. This means
that the amorphous ritonavir does not contain more than about
5% of any other compound and, in particular, does not contain
more than about 5% of any other form of ritonavir. Even more
preferably, the term “substantially pure”, when used in
reference to amorphous ritonavir, refers to amorphous ritonavir
which is greater than about 97% pure. This means that the
amorphous ritonavir does not contain more than about 3% of any
other compound and, in particular, does not contain more than

about 3% of any other form of ritonavir.
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The composition and preparation of soft elastic gelatin
capsules is well known in the art. The composition of a soft
elastic gelatin cgpsule typically comprises from about 30% to
about 50% by weight of gelatin NF, from about 20% to about 30%
by weight of a plasticizer and from about 25% to about 40% by
weight of water. Plasticizers useful in the preparation of soft
elagstic gelatin capsules are glycerin, sorbitol or propylene
glycol and the like; or combinations thereof. A preferred soft
elastic gelatin capsule has a composition comprising gelatin NF
{(Type 195) {about 42.6% by weight), glycerin (USP)} (about 96%
active; about 13.2% by weight), purified water (USP) {about
27.4% by weight), sorbitol special (about 16% by weight) and
titanium dioxide {USP) (about 0.4% by weight).

The soft elastic gelatin capsule material can also
comprise additives such as preservatives, opacifiers, dyes or
flavors, and the like.

Varicus methods can be used for manufacturing and £illing
the soft elastic gelatin capsules, for example, a seamless
capsule method, a rotary method (developed by Scherer] or a
method using a Liner machine or an Accogel machine and the
like. Also various manufacturing machines can be used for
manufacturing the capsules.

Hard gelatin capsules are purchased from Capsugel,
Greenwcod, S5.C. Capsules are filled manually or by capsule
filling machine. The target filling volume/weight depends on
the potehcy of the filling golution in combination with the

desired dosage strength.
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In general, the compositions of this invention can be
prepared in the following manner. The pharmaceutically
acceptable long chain fatty acid and ethanol and water are
mixed at a temperature from 15-30 °C, along with the
antioxidant. The HIV protease inhibitor, or mixture of HIV
protease inhibitors, is added and stirred until dissolved. The
pharmaceutically acceptable surfactant is added with mixing.
The appropriate volume of the resulting mixture needed to
provide the desired dose of the HIV protease inhibiting
compound)s) is filled into hard gelatin capsules or soft
elastic gelatin capsules.

Similar increases in the sclubility of HIV protease
inhibiteors in oral sclution formulations may be obtained by the
addition of water in ranges as disclosed herein. Oral solution
formulations are disclosed in U.8. 5,484,801, issued January
16, 1996, the disclosure of which is herein incorporated by

reference.
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EXAMPLES

The following Examples will serve to further illustrate
the instant invention.

Powder X-ray diffraction analysis of samples was conducted
in the following manner. Samples for X-ray diffraction analysis
were prepared by spreading the sample powder {with nec prior
grinding required) in a thin layer on the sample holder and
gently flattening the sample with a microscope slide.

A Nicolet 12/V X-ray Diffraction System was used with the
following parameters: X-ray source: Cu-Kel; Range: 2.00-
40.00° Two Theta; Scan Rate: 1.00 degree/minute; Step Size:
0.02 degrees; Wavelength: 1.540562 angstroms.

Characteristic powder X-ray diffraction pattern peak
positions are reported for polymorphs in terms of the angular
positions (two theta) with an allowable wvariability of + 0.1°,
This allowable variability is specified by the U.S.
Pharmacopeia, pages 1843-1844 (1995). The variability of
0.1° is intended to be used when comparing two powder X-ray
diffraction patterns. In practice, if a diffraction pattern
peak from one pattern is assigned a range of angular positions
(two theta)} which is the measured peak position + 0.1° and a
diffraction pattern peak from the other pattern is assigned a
range of angular positions (two theta) which is the measured
peak position + 0.1° and if those ranges of peak positions
overlap, then the twc peaks are considered to have the same
angular position (two theta). For example, if a diffraction

pattern peak from one pattern is determined to have a peak
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position of 5.20°, for comparison purposes the allowable
variability allows the peak to be assigned a position in the
range of 5.10° - 5.30°., If a comparison peak from the other
diffraction pattern is determined to have a peak position of
5.35°, for comparison purposes the allowable variability allows
the peak to be assigned a position in the range of 5.25° -
5.45°, Because there is overlap between the two ranges of peak
positions {(for example, 5.10° - 5.30° and 5.25°- 5.45°) the two
peaks being compared are considered to have the same angular
position (two theta}.

Solid state nuclear magnetic resonance analysis of samples
was conducted in the following manner. & Bruker AMX-400 MHz
instrument was used with the following parameters: CP- MAS
{cross-polarized magic angle spinning); spectrometer frequency
for 13C was 100.627952576 MHz; pulse sequence was cp2lev;
contact time was 2.5 milliseconds; temperature was 27.0 °C;
spin rate was 7000 Hz; relaxation delay was 6.000 sec; 1ist
pulse width was 3.8 microseconds; 2nd pulse width was 8.6
microseconds; acguisition time was 0.034 seconds; sweep width
was 30303.0 Hz; 2000 scans.

FT near infrared analysis of samples was conducted in the
following manner. Samples were analyzed as neat, undiluted
powders contained in a clear glass 1 dram vial. A Nicolet
Magna System 750 FT-1IR spectrometer with a Nicolet SabiIR near
infrared fiber optic probe accessory was used with the
following parameters: the source was white light; the detector
was PbS; the beamsplitter was CaF2; sample sgpacing was 1.0000;

digitizer bits was 20; mirror velocity was 0.3165; the aperture
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was 50.00; Sémple gain was 1.0; the high pass filter was
200.0000; the low pass filter was 11000.0000; the number of
sample scans was 64; the collection length was 75.9 seconds;
the resolution was 8.000; the number of scan pcints was 8480;
the number of FFT points was 8192; the laser frequency was
15798.0 cm -1; the interferogram peak position was 4096; the
apodization was Happ-Genzel; the number of background scans was
64 and the background gain was 1.0.

FT mid infrared analysis of samples was conducted in the
following manner. Samples were analyzed as neat, undiluted
powders. A Nicolet Magna System 750 FT-IR spectrometer with a
Spectra-Tech InspectIR video microanalysis accessory and a
Germanium attenuated total reflectance (Ge ATR) crystal was
used with the following parameters: the source was infrared;
the detector was MCT/A; the beamsplitter was KBr; sample
spacing was 2.0000; digitizer bits was 20; mirror velocity was
1.8988; the aperture was 100.00; sample gain was 1.0; the high
pass filter was 200.0000; the low pass filter was 20000.0000;
the number of sample scans was 128; the collection length was
79.9 seconds; the resolution was 4.000; the number of scan
points was 8480; the number of FFT points was 8192; the laser
frequency wags 15798.0 cm -1; the interferogram peak position
was 4096; the apodization was triangular; the number of
background secans was 128 and the background gain was 1.0.

Differential scanning calorimetric analysis of samples was
conducted in the following manner. A T.A. Instruments Thermal
Analyzer 3100 with Differential Scanning Calorimetry module

2210 was used, along with Modulated DSC software version 1.1A.

k& 5 AUG 2010



133

WO 00/74677 PCT/US00/14342

32

The analysis parameters were: Sample weight: 2.28 mg, placed
in a covered, uncrimped aluminum pan; Heating rate: room

temperature to 150°C at 5°C/minute under a nitrogen purge.

Example 1

Preparation of Amorphous Ritonavir

Form I crystaliine peolymorph of ritonavir (100 g) was
melted at 125°C by heating Form I. The melt was maintained at
a temperature of 125°C for 3 hours. The melt was rapidly cooled
by placing the container holding the melt into a Dewar flask
containing liguid nitrogen. The resulting glass was ground
with a mortar and pestle to provide amorphous ritonavir (100
g). Powder X-ray diffraction analysis confirmed that the
product was amorphous. Differential scanning calorimetric
analysis determined that the glass transition point was from
about 45°C to about 49°C. (Measured onset at 45.4°C and which

ends at 49.08°C, with a midpoint of 48.95%°C).
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Example 2

Preparation of Crystalline Ritonavir (Form II}

Amorphous ritonavir (40.0 g) was dissolved in boiling
anhydrous ethanol (100 mL). Upon allowing this solution to
cool to room temperature, a saturated solution was obtained.
After standing overnight at room temperature, the resulting
solid was isolated from the mixture by filtration and was air

dried to provide Form Il (approximately 24.0 g).

Example 3
Preparation of (28)-N-((1S5)-1-Benzyl-2-((45,58)-4-benzyl-2-oxo-
1l,3-oxazolidin-5-yl)ethyl)-2-{(({(2-isopropyl-1,3-thiazol-4-

yvl)methyl)amine) carbonyl)amino) -3 -methylbutanamide

Example 3a
Preparation of (48,58)-5-((28)-2-t-butyloxycarbonylamino-3-
phenylpropyl) -4-benzyl-1,3-oxazolidin-2-one

{25,35,58) -2-Amino-3-~hydroxy-5-t-butyloxycarbonylamino-
_ 1,6-diphenylhexane succinate salt (30 g, 63 mmol; U.S. Patent
No., 5,654,466), ((5-thiazclyl)methyl)-{4-nitrophenyl}carbonate
hydrochloride (22.2 g; U.S. Patent No. 5,597,926) and sodium
bicarbonate (16.2 g) were mixed with 300mL of water and 300 mL
of ethyl acetate and the mixture was stirred at room

temperature for about 30 minutes. The organic layer was then

separated and heated at about 60°C for 12 hours, and then
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stirred at 20-25°C for 6 hours. 3 mL of ammonium hydroxide
(29% ammonia in water) was added and the mixture stirred for
1.5 hours. The resulting mixture was washed with 4 x 200 mL of
10% aqueous potassium carbonate and the organic layer was
separated and evaporated under vacuum to provide anm oil. The
cll was suspended in about 250 mL of heptane. The heptane was
evaporated under vacuum to provide a yellow solid. The yellow
solid was dissolved in 300 wmL of THF and 25 mL of 10% agueous
sodium hydroxide was added. After stirring for about 3 hours,
the mixture was adjusted to pH 7 by addition of 4N HC1l (about
16 mL). The THF was evaporated under vacuum to leave an
agqueous residue, to which was added 300 mL of distilled water.
After stirring this mixture, a fine suspension of solids
resulted. The s0lid was collected by filtration and the
filtered solid was washed with water (1400 mL) in several

portions, resulting in the desired product.

Example 3b
Preparation of (438,5S}-5-{{2S)-2-aminc-3-phenylpropyl) -

4-benzyl-1,3-oxazolidin-2-one

The crude, wet product of Example 3a was slurried in 1N
HCl {192 mL) and the slurry was heated to 70°C with stirring.
after 1 hour, THF (100 mL) was added and stirring at 65°C was
continued for 4 hours. The mixture was then allowed to cool to
20-25°C and was stirred overnight at 20-25°C. The THF was

removed by evaporation under vacuum and the resulting agueous
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solution was cooled to about 5°C, causing some precipitation to
occur. The agueous mixture was adjusted to pH 7 by addition of
50% agueous sodium hydroxide {(about 18.3 g). The resulting

mixture was extracted with ethyl acetate (2 x 100 mL) at about

15°C. The combined crganic extracts were washed with 100 mL of
brine and the organic layer was separated and stirred with

scdium sulfate (5 g) and Darco G-60 (3 g). This mixture was

warmed on a hot plate for 1 hour at 45°C. The hot mixture was
then filtered through a bed of diatomaceous earth and the
filter pad was washed with ethyl acetate (100 mL). The
filtrate was evaporated under vacuum to provide an oil. The
0il was redissolved in methylene chloride (300 mL) and the
solvent was evaporated under vacuum. The resulting oil was
dried at room temperature under vacuum to provide the desired

product (18.4 g} as a glassy syrup.

Example 3¢
Preparation of (2S5}-N-({1S)-1-Benzyl-2-((438,58)-4-benzyl-2-oxo-
1,3-oxazolidin-5-yl)ethyl)-2-({((2-igopropyl-1,3-thiazol-4-

yl)methyl)amino)carbonyl)amino) -3-methylbutanamide

N- { (N-Methyl-N{(2-isopropyl-4-
thiazolyi)methyl}lamino)carbeonyl})-L-valine {(10.6 g, 33.39 mmol;
U.S. Patent No. 5,539,122 and International Patent Application
No. W098/00410), the product of Example 3b (10.0 g, 32.2 mmol)

and l-hydroxybenzotriazole (5.2 g, 34 mmol) were dissolved in
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THF {200 mL). 1,3-dicylcohexylcarbodiimide (DCC, 7.0 g, 34
mmol) was then added to the THF mixture and the mixture was
stirred at 22°C for 4 hours. Citric acid (25 mL of 10% agueous
solution} was added and stirring continued for 30 minutes. The
THF was then evaporated under vacuum. The residue was
dissolved in ethyl acetate (250 mL) and washed with 10% citric
acid solution (175 mL). NaCl (5 g) was added to accelerate the
separation of the layers. The organic layer was seguentially
washed with 10% aq. sodium carbonate (2 x 200 mL) and water
(200 mL). The corganic layer was then dried over sodium sulfate
(20 g), filtered and evaporated under vacuum. The resulting
product (20.7 g of a foam) was dissolved in hot ethyl acetate
{150 mlL) and then heptane {75 mL) was added. Upon cooling,
another 75 mL of heptane was added and the mixture was heated
to reflux. Upon cooling to room temperature, no precipitate
formed. The solvents were evaporated under vacuum and the
residue was redissolved in & mixture of 200 mL ethyl
acetate/100 mlL heptane. The small amount of undissolved solid
was removed by filtration. The filtrate was evaporated under
vacuum and the residue was dissolved in a mixture of 100 mL

ethyl acetate/ 50 mL heptane, giving a clear solution. The
solution was cooled to -10°C and a white precipitate formed.

The mixture was allowed to sit at -15°C for 24 hours. The
resulting solid was c¢ollected by filtration, washed with 1:1
ethyl acetate/heptane (2 x 24 mL) and dried in a vacuum oven at

E5°C to provide the desired product as a beige scolid (16.4 g).
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Example 4

Preparation of Crystalline Ritonavir (Form II)

To a solution of 1.595% g of ritonavir Form I in 10 mL of
200 proof ethanol was added approximately 50 micrograms of the
product of Example 3¢. This mixture was allowed to stand at
about 5°C for 24 hours. The resulting crystals were isclated
by filtration through 0.45 micron nylon filter and air dried to

provide ritcnavir Form II.

Example 5

Alternative Preparation of Crystalline Ritonavir (Form II)

Ethyl acetate (6.0 L/kg of ritonavir) was added to
ritonavir (Form I or a mixture of Form I and Form II) in a
reaction vessel. The mixture was stirred and heated to 70°C
until all solids were dissclved. The sclution was filtered
(utilizing a centrifuge pump and 5X20 inch cartridge filters
having a porosity of 1.2 microns) and the filtrate was allowed
to cool to 52°C at a rate of 2-10°C/hour. To this solution was
added ritonavir Form II seed crystals {about 1.25 g of Form II
seed crystals/kg of ritonavir} and the mixture was stirred at
52°C for neot less than 1 hour at an agitation rate of 15 REM.

The mixture was then allowed to cool to 40°C at a rate of

10°C/hour. Heptane (2.8 L/kg of ritonavir) was added at a rate
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of 7L/minute with mixing. The mixture was aliowed to cool to
25°C at a rate of 10°C/hour with mixing. Then the mixture was
stirred for not less than 12 hours at 25°C. The product was
isolated by filtration using a Heinkel type centrifuge (run
time approximately 16 hours). The product was dried at 55°C

under vacuum (50 mm Hg) for 16-25 hours to provide ritonavir

crystal Form II.

Example 6

Preparation of Amorphous Ritonavir

Ritonavir Form I (40 g) was dissolved in methylene
chloride (60 mL}. This solution was slowly added over 15
minutes to a round bottom £lask eguipped with an overhead
stirrer and containing hexanes (3.5 L). The resulting slurry
was allowed to stir for 10 minutes. The precipitate was
filtered and dried at room temperature in a wvacuum oven to

provide amorphous ritonavir {40 g).
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Example 7

Preparation of Amorphous Ritonavir

Ritonavir Form I (5 g) was dissolved in methanol {8 mlL).
This solution was slowly added to a round bottom flask equipped
with an overhead stirrer and containing distilled water (2 L},
while maintaining the intermal temperature near 0°C. The
resulting solid was filtered to give a sticky solid which was

dried in a vacuum oven to give amorphous ritonavir (2.5 g).

Example 8

Comparative Solubilities

Solubility experiments were performed on the various
formulations of Ritonavir Form I and Form II. Data is provided
in Figures 3-7.

Table 1 provided hereinbelow illustrates the
pharmaceutical composition without water. .Example 9

illustrates the pharmaceutical composition containing water.
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Table 1. Composition of Formulation T-1 and T-2.
Components T-1 T2
meg/g mg/cap mg/g mg/cap
Ritonavir 200.0 2600 200.0 200.0
Alcohol, dehydrated, USP 100.0 100.0 100.0 100.0
Oleic acid, NF 650.0 650.0 600.0 600.0
Polyoxyl 35 Castor 0il 50.0 30.0 100.0 100.0
{Cremophor EL®)
BHT 0.01 0.01 0.01 0.01
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Example 9

&

Preparation of Norwvir Soft Gelatin Capsules, 100 mg

The following protocol is employed in the preparation of
1000 soft gelatin capsules:

Scale Amount
{mg/capsule) Name ()
Q.8. Nitrogen, N.F. Q.S.
118.0 Ethanol,

dehydrated, USP, 200 Proot 118.0
2.0 Ethanol,

dehydrated, USP, 200 Proof 2.0
0.25 Butylated Hydroxytoluene, NF 0.25
704.75 Oleic Acid, NF 704.75
100.0 Ritonavir 100.0
10.0 Water, purified, USP (distilled) 10.0
60.0 Polyoxyl 35 Castor 0Oil, NF 60.0
5.000 Oleic Acid, NF 5.000

A mixing tank and suitable container are purged with
nitrogen. 118.¢0 g of ethanol is weighed, blanketed with
nitrogen, and held for later use. The second aliguot of
ethanol {2 g} is then weighed, and mixed with 0.25 g of
butylated hydroxytoluene until clear. The mixture is blanketed
with nitrogen and held. The main mixing tank is heated to 28
°C (not to exceed 30 °C). 704.75 g of oleic acid is then

charged into the mixing tank. 100.0 g of ritonavir is then
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added to the oleic acid with mixing. The ethanol/butylated
hydroxytoluene is then added to the mixing tank, followed by
the 118.0 g of ethancl measured previously, and mixed for at
least 10 minutes. 10 g of water is then charged into the tank
and mixed until the solution is clear (for not less than 30
minutes). The sides of the vessel are scraped for ritonavir,
and mixed for not less than an additional 30 minutes. 60.0 g
of Polyoxyl 35 castor oil is charged into the tank and mixed
until uniform. The solution is stored at 2-8 °C until
encapsulation. 1.0 g of the solution is filled into each soft
gelatin capsule {(die: 18 cblong [18BE]; gel: 005L2DDXHB-EP;
gel dyes: white 920P). The soft gelatin capsules are then

dried, and stored at 2-8 °C.

Ex le 10
Protocol for Oral Bicavailability

Dogs ({beagle dogs, mixed sexes, weighing 7-14 kg} were
fasted overnight prior to dosing, but were permitted water ad
libitum. Each dog received a 100 ug/kg subcutaneous dose of
histamine approximately 30 minutes prior to dosing. Each dog
received a single dosage form corresponding to a 5 mg/kg dose
of the drug. The dose was followed by approximately 1Q
milliliters of water. Blood samples were cbtained from each
animal prior to dosing and 0.25, 0.5, 1.0, 1.5, 2, 3, 4, &, 8,
10, and 12 hours after drug administration. The plasma was

separated from the red cells by centrifugation and frozen (~30
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°C) until analysis. Concentrations of parent drug were
determined by reverse phase HPLC with low wavelength UV
detection fellowing liguid-ligquid extraction of the plasma
samples. The parent drug area under the curve was calculated
by the trapezoidal methed over the time course of the study.
The absolute biocavailability of each test composition as
calculated by comparing the area under the curve after oral
dosing to that obtained from a single intravenous dose. Each
capsule or capsule composition was evaluated in a group
containing at least six dogs; the values reported are averages

for each group of dogs.
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CLAIMS
We Claim:
1. A pharmaceutical compesition which is a solutien
comprising:

{a) an HIV protease inhibiting compound or a combination
of HIV protease inhibiting compounds, or
pharmaceutically acceptable salts thereof;

(b} a pharmaceutically acceptable organic solwvent which
comprises a long chain fatty acid or a mixture of long
chain fatty acids and ethancl;

{c} water; and

{d) optionzlly a pharmaceutically acceptable surfactant.

2. The composition according to Claim 1 wherein said HIV
protease inhibiting compound is (2S,38,58)-5- (N- (N-{{N-methyl-
N-({2-isopropyl-4-thiazolyl)methyl)amino)carbonyl)amino-1,6-

diphenyl-3-hydroxyhexane {(ritonavir).

3. The compositicon according to Ciaim 1 wherein said
combination of HIV protease inhibiting compounds is (28,38,53) -
5- (N- (N- ( (N-methyl-N-({2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir) and
(28, 38, 58)-2-(2,6Dimethylphenoxyacetyl)
amino-3-hydroxy-5-[28- (1-tetrahydro-pyrimid-2-onyl) -3-methyl

butanoyl] amino-1,6&-diphenylhexane.
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4. The composition according to Claim 1 wherein said HIV
protease inhibiting compound or combination of HIV protease
inhibiting compounds is selected from the group consisting of:
28,35,58)-5-(N- (N- { (N-methyl-N- ( (2-isopropyl-4-
thiazolyl)methyl)amino}carbonyl)amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir);

28,35,58) -5- (N- (N- ( {N-methyl-N- ((2-isopropyl-4-
thiazolyl)methyl)amino}carbonyl)amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir) and (25, 38, 58}-2-(2,6-
Dimethylphenoxyacetyl)

amino-3-hydroxy-5-[25- (1-tetrahydro-pyrimid-2-onyl}-3-methyl
butanoyl] amino-1,&6-diphenylhexane;

N- {2 {(R) -hydroxy-1

{8) -indanyl) -2 (R) -phenylmethyl-4 (8) -hydroxy-5- (1-(4-{3-
pyridylmethyl) -2 (8) -N'- (t-butylcarboxamido) -piperazinyl) ) -penta
neamide (indinavir);
N-tert-butyl-decahydro-2-[2 (R} -hydroxy-4-pheny-3{S)-[[N-{2-qui
nolylcarbonyl) -L-asparaginyl] amino]l butyl] - (428, Ba8) -isoquinolin
e-3(8) -carboxamide {saquinavir);
5(S})-Boc-amino-4 (8) -hydroxy-é-phenyl-2 (R) -
phenylmethylhexanoyl- (L) -Val- {L) -Phe-morpholin-4-ylamide;

1 -Naphthoxyacetyl-beta-methylthio-Ala- (25, 38)-
3-aminc-2-hydroxy-4-butanoyl 1,3-thiazolidine-4-t-butylamide;
5-isoquinolinoxyacetyl-beta-methylthic-Ala- (28,38)-3-amino-2-hy
droxy-4-butanoyl-1,3-thiazolidine-4-t-butylamide;

[18- {1R-(R-),28*])-N" [3-[[[(1,1 -
dimethylethyl)amino] carbonyl] (2-methylpropyl) amino] -2-

5 AUG 2010
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hydroxy-1 - {(phenylmethyl)propyl]-2-[(2-
quinolinylcarbonyl)amino] -butanediamide;
vX-478;

DMP-323;

DMP-450;

AG1343 {nelfinavir);

BMS 186,318;

SC-55388%a;

BILA 1086 BS; and

U-140690,

or a pharmaceutically acceptable salt thereof.

5. The composition according to Claim 1 wherein said

long chain fatty acid is oleic acid.

6. The composition according to Claim 1 wherein said

surfactant is Polyoxyl 35 castor oil (Cremophor EL®) .

7. The compositicn according to Claim 1 wherein the
solution is encapsulated into a hard gelatin capsule or a soft

gelatin capsule.

8. The composition of Claim 1 wherein the solvent
comprises (1) a pharmaceutically acceptable long chain
fatty acid in the amount of from about 40% to about 75%
by weight of the total solution; (2) ethanol in the

amount of from about 3% to about 12% by weight of the
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total solution; and {3) water in the amount of from
about 0.4% to about 1.5% by weight of the total

solution.

9. The composition of Claim 1 wherein the solvent
comprises (1) oleic acid in the amount of from about 40%
to about 75% by weight of the total solution; (2}
ethanol in the amount of from about 3% to abeout 12% by
weight of the total sclution; and (3} water in the
amount of from about 0.4% to about 1.5% by weight of the

total solutiocn.

10. The composition of Claim 9 wherein the HIV
protease inhibiting compound is selected from the group
consisting of:
28,38,58)-5- (N- (N- ( (N-methyl-N- ((2-isopropyl-4-
thiazolyllmethyl)amino)carbonyl)amino-1, 6-diphenyi-3-
hydroxyhexane (ritonavir);
2S8,35,58) -5~ (N- {N- { (N-methyl-N- ( (2-isopropyl-4-
thiazolyl)methyl}amino) carbonyl)amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir) and (2S, 38, 58)-2-(2,6-
Dimethylphenoxyacetyl)
amino-3-hydroxy-5- [25- (1-tetrahydro-pyrimid-2-onyl)-3-methyl
butanoyl] amino-1, é-diphenylhexane;

N- (2 (R) -hydroxy-1
{S) ~indanyl) -2 (R) -phenylmethyl-4 (S) -hydroxy-5-(1-(4- (3-
pyridylmethyl) -2 (8) -N'- (t-butylcarboxamidc) -piperazinyl}) -penta

neamide (indinavir);
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N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(8)-[[N-{2-qui
nolylcarbonyl) -L-asparaginyl] aminolbutyl] - (4aS, 8aS) -isoquinolin
e-3(5} -carboxamide (saquinavir);

5(S) -Boc-amino-4 (3) -hydroxy-6-phenyl-2 (R) -
phenylmethylhexanoyl- (L) -Val- (L) -Phe-morpholin-4-ylamide;

1 -Naphthoxyacetyl-beta-methylthio-Ala-{28, 38)-
3-amino-2-hydroxy-4-butanoyl 1,3-thiazolidine-4-t-butylamide;
S-isoguinolinoxyacetyl-beta-methylthio-Ala- (28,38)-3-amino-2-hy
droxy-4-butanoyl-1,3-thiazolidine-4-t-butylamide;

[1S- [1R-(R-),28+*])-N* [3-[[[(1,1 -
dimethylethyl)amineo] carbonyl] {2-methylpropyl)aminel]-2-
hydroxy-1 - (phenylmethyl}propyl]-2-[(2-
guinolinylcarbonyl)amino] -butanediamide;

VX-478;

DMP-323;

DMP-450;

AG1343 (nelfinavir);

BMS 186,318;

SC-55389a;

BILA 10%6 BS; and

UU-140690,

or a pharmaceutically acceptable salt thereof.

11. The composition of Claim 9 wherein the HIV
protease inhibiting compound is ritonavir, (2S5, 38,
58} -2-(2,6-dimethylphenoxyacetyl) amino-3-
hydroxy-5- {28- (1-tetrahydro-pyrimid-2-onyl) -3-methyl
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butanoyl) amino-1,6diphenylhexane, indinavir,

saquinavir, nelfinavir, or VX-478.

12. The composition of Claim 1 wherein the HIV
protease inhibiting compound is ritonavir or a
combination of ritonavir and another HIV protease

inhibiting compound.

i3. The composition of Claim 12 wherein the
solution is encapsulated in a soft elastic gelatin

capsule (SEC).

14. The composgition of Claim 1 which comprises:
{a} ritonavir in the amount of from about 1%

to about 30% by weight of the total solution;

(b} a pharmaceutically acceptable organic
solvent which comprises (i) oleic acid in the amount of
from about 15% to about 99% by weight of the total
solution and (2) ethanol in the amount af from about 3%

to about 12% by weight of the total solution; and

{c) water in the amount of from about 0.4% to

about 1.5% by weight of the total sclution; and
{d) polyoxyl 35 castor oil in the amount of

from about 0% to about 20% by weight of the total

solution.
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15. The composition of Claim 14 which comprises:

(a) ritonavir in the amount of from about 5%
to about 10% by weight of the total solution,

(b) a pharmaceutically acceptable organic
solvent which comprises (1) oleic acid in the amount of
from about 70% teo about 75% by weight of the total
solution; and (2) ethanol in the amount of from about 3%
about 12% by weight of the total soclution;

(c) water in the amount of from about 0.4% to
about 1.5% by weight of the total solution; and

{d) polyoxyl 35 castor oil in the amount of
about 6% by weight of the total solution.

16. The composition of Claim 15 wherein the
solution is encapsulated in a soft elastic gelatin

capsule (SEC).
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ANTIFUNGAL COMPOSITIONS WITH IMPROVED BIOAVAILABILITY

The present invention is concerned with novel pharmaceutical compositions of
itraconazole which can be administered to a mammal suffering from a fungal infection,
whereby a single such dosage form can be administered once daily, and in addition at
any time of the day independently of the food taken in by said mammal. These novel
compositions comprise innovative particles obtainable by melt-extruding a mixture
comprising itraconazole and an appropriate water-soluble polymer and subsequently
milling said melt-extruded mixture.

The development of pharmaceutical compositions having good bioavailability of
itraconazole, & compound that is practically insoluble in aqueous media, remains one of

the main challenges of pharmaceutical development of this compound.

The term "practically insoluble” or "insoluble” is to be understood as defined in the
United States Pharmacopeia, i.e. a "very slightly soluble” compound requiring from
1000 to 10,000 parts of solvent for 1 part of solute; a "practically insoluble” or
“insoluble” compound requiring more than 10,000 parts of sclvent for 1 part of solute.
The solvent referred to herein is water,

Itraconazole or (+)-cis-4-[4-{4-[4-{[2-(2 4-dichiorophenyl)-2-(1 H-1,2 4-triazol- 1-yl-
methyl)-1,3-dioxolan-4-yllmethoxy Jphenyl]- 1-piperazinyl]phenyl]-2,4-dihydro-2-
(1-methylpropyl)-3H-1,2,4-triazol-3-one, is a broadspectrum antifungal compound
developed for oral, parenteral and topical use and is disclosed in US-4,267,179. Tts
difluoro analog, saperconazole or (1)-cis-4-[4-[4-[4-[[2-(2,4-difluorophenyl)-2-(1H-

1,2 4-triazol- I -ylmethyl)-1,3-dioxolan-4-ylmethoxy]phenyl]- 1 -piperazinyljphenyl]-2.4-
dihydro-2-(1-methoxypropyl)}-3H-1,2 4-triazol-3-one, has improved activity against
Aspergillus spp. and is disclosed in US-4,916,134. Both itraconazole and saperconazole
consist of a mixiure of four diastereotsomers, the preparation and utility of which is
disclosed in WO 93/19061 : the diastereoisomers of itraconazole and saperconazole are
designated [2R-[2040,4(R*)]}, [2R-{20,40.4(5%)]]. [25-[20,400,4(5%)]] and
[25-[2a,40,4(R*)]]. The term “itraconazole™ as used hereinafter is to be interpreted
broadly and comnprises the free base form and the pharmaceutically acceptable addition
salts of itraconazole, or of one of its sterecisomers, or of a mixture of two or three or
four of its stereoisomers. The preferred itraconazole compound is the (x)-(2R*, 458*) or
(cis) forms of the {ree base form, having the Chemical Abstracts Registry Number
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[84625-61-6]. The acid addition forms may be obtained by reaction of the base form
with an appropriate acid. Appropriate acids comprise, for example, inorganic acids such
as hydrohalic acids, e.g. hydrochloric or hydrobromic acid; sulfuric acid: nitric acid;
phosphoric acid and the like; or organic acids such as, for example, acetic, propanoic,
hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, ethanedioic, propanedioic,
butanedioic, (Z)-butenedioic, (E)-butenedioic, 2-hydroxybutanedioic,
2.3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricarboxylic, methanesulfonic,
ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic, cyclohexanesulfamic,
2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like actds.

In WO 94/05263, published on March 17, 1994, thete arc disclosed beads or pellets
having a 25 -30 mesh sugar core (600 - 710 {m) coated with an antifungal, morc
particularly itraconazole (or saperconazele) and & hydrophilic polymer, more
particularly, hydroxypropyl methylceilulose. Finished with a sealing film coat, such
cores are referred o as beads or pellets. The beads are filled into capsuies suitable for
oral administration. The itraconazole is present in the drug-coating and is released
readily from the surface of said coated beads, which leads 1o improved bioavailabitity of

itraconazole {or saperconazole) over the then known oral dosage forms of itraconazole.

The preparation of coated beads as described in WO 94/05263 requires special
techniques and special equipment in a purpase-built plant. [ndeed. the beads described
in the prior art are prepared in a quite complex manner requiring a lot of manipulation
steps. First, a drug coating solution is prepared by dissolving inlo a suitabie solvent
systern appropriate amounts of the antifungal agemt and a hydraphilic polymer,
preferably hydroxypropyl methyleellutose (HPMC). A suitable solvent system
comprises a mixturc of methylene chloride and an alcoho!. Said mixtwre should
comprise al least 50% by weight of methylenc chloride acting as a solveni for the drug
substance. As hydroxypropyl methylcellulose does not dissolve completely in methylene
chloride, at least 10% alcohaol has to be added. Subscquently, the 25-30 mesh sugar
cores are drug-coated in a fluidized bed granulator cquipped with a bottom spray insert.
Not only should the spraying rate be regulated carcfully. bui also tlemperature conirol in
the fluidized bed granulator is crucial. Hence, this process requires a lot of control in
order to obtain a good quality product reproducibly. Moreover, this technigue
adequately, but still only partially solves the issue of residuai organic solvents, such as
methylene chloride and methanol or ethanol, being present in the coating. In order ta
remove any solvents which might remain in the drug-coated intermediate product, an
extra drying siep is required. Subsequently, & seal coating is applied and this adds yet

another two steps to the production process as it involves another drying step, too.
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About 460 mg beads, equivalent to about [00 mg itraconazole, are filled into a hard-
gelatin capsule (size 0) and two of these capsules are administered once daily to a patient
suffering from a fungal infection. The capsules are commecrcially availabie in many
countries under the Trademark Sporanox™. In order to achieve the desired antifungal
effect, it is essential that the two capsules are ingested at the end of a meal. This may
seriously limit how easily the patients can comply with their prescribed therapy; for
example, some patients are not able to eat normally or swallow medica-ments easily
because of illness, nausea or because of fungal infection of the esophagus. Tt would
therefore be highly desirable to have pharmaceutical dosage forms which can be
administered to a patient - or for that matter, to any mammal - at any time of the day
independently of food taken in. i.e. dosage forms which can be administered to patients
(mammals} in a fasted state. Dosage forms with a high drug content, one unit of which
contains the required daily dose of the active ingredient jnstead of two such units. are

another desirable goal in the pharmaceutical development of itraconazole.

Al this stage. it may be remarked that therapeutically effective plasma levels of
itraconazole can be maintained easily for at least 24 hours as its half-life is sufficiently

~ long. The condition is that the itraconazole must reach the plasma. The absorption of

dissolved itraconazele from the stomach is in itself not a problem. Thus. there is no
need for a sustained release dosage form of itraconazole, an immediate relcase form will
do just as well. In other words, the main probiem with the administration of itraconazole
in therapeulically effective amounts is in the first place concerned with ensuring that a
sufficient amount of itraconazole remains in solution suffictently long enough to allow it
to get into the circulation, and that it does not convert into a form that is not readily
bioavailable, in particular into crystalline itraconazole (which forms, for example, when

itraconazole precipitates in an agueous medium).

The present invention provides pharmaceutical compositions of itraconazole and a
water-soluble polymer which can be administered to a mammal. in particular a human,
suffering from a fungal infection, whereby a single such dosage form can be
administered once daily, and in addition at any time of the day independently of the food
taken in by said mammal, The bicavailability of the drug from these dosage forms in
fasied and in fed mammals is comparable. The dosage forms can be prepared easily, for
example by conventional tabletting techniques. The dosage forms comprise a

therapeutically effective amount of novel particles as described in detail hereunder.

Said novel particles consist of a solid dispersion comprising
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(a) itraconazole, or one of its sterecisomers, or a mixture of two or three or four of its
stereoisomers, and

(b) one or more pharmaceutically acceptable water-soluble polymers.

The term “a solid dispersion” defines a system in a solid state (as opposed to a liquid or
gaseous state) comprising at least two components, wherein one component is dispersed
more or less evenly throughout the other component or components. When said
dispersion of the components is such that the system is chemically and physically
uniform or homogenous throughout or cansists of one phase as defined i thermo-
dynamics, such a solid dispersion will be called “a solid solution™ hereinafter. Solid
solutions arc preferred physical systems because the components therein are usually
readily bioavailable to the organisms to which they are administered. This advantage
can probably be explained by the ease with which said solid solutions can form Jiguid
solutions when contacted with a liquid medium such as gastric juice. The ease of
dissolution may be attributed at least in part to the fact that the energy required for
dissolution of the components from a solid solution is less than that requircd for the
dissolution of components from 4 crystalline or microcrystalline solid phase.

The term “a solid dispersion” also comprises dispersions which are less homogenous
throughout than solid solutions. Such dispersions are not chemicaily and physically
uniform throughout or comprise more than one phase. For example, the term “a solid
dispersion” also relates to particles having domains or small regions wherein amorphous,
microcrystalline or crystalline (a), or amorphaous, microcrystalline or crystalline (b), or
both, are dispersed more or less evenly in another phase comprising (b), or (a}, or a solid
solution comprising (a) and (b). Said domains are regionis within the particles
distinctively marked by some physical feature, small in size compared to the sizc of the
particlc as a whoie, and evenly and randomly distributed throughout the particle.
Domains of (a) typically have a size of up to about 25 ium, preferably up to 20 pm.

The particles according to the present invention can be preparcd by first preparing a solid
dispersion of the components, and then optionally grinding or milling that dispersion.
Various techniques exist for preparing solid dispersions including meli-cxtrusion, spray-

drying and solution-evaporation, mclt-cxtrusion being preferred.

The melt-extrusion process comprises the following steps :

a) mixing the components (a} and (b),

b) optionally blending additives with the thus obtained mixture,

c) heating the thus obtained blend until onc obtains a homogenous melt,
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d) forcing the thus obtained melt through one or more nozzles: and

e) cooling the mekht ull it solidifies.

The terms "melt" and “melting” should be interpreted broadly. For our purposes, these
terms not only mean the alteration from a solid state to a liquid stale, but can also refer
to 2 transition to a glassy state or a rubbery state, and in which it is possible for one
component of the mixture to get embedded more or less homogenecusly into the other.
In particular cases, one component will melt and the other component(s) will dissolve in
the melt thus forming a solution, which upon cooling may form a solid solution having

advantageous dissolution properties.

One of the most important parameters of melt extrusion is the temperature at which the
melt-extruder is operating. 1i was found that the operating lemperature can easily range
between about 120°C and about 300°C. At temperatures {ower than [20°C,
itraconazole will not dissolve complctely in most watcr-soluble polymers and the
extrudate will not have the required bioavailability. In addition, the process is difficult
because of the high viscosity of the mixture. At temperatures of more than 300°C the
water-soluble pelymer may decompose to an unacceptable level. It may be noted that
there ts 1o need to fear decomposition of itraconazole at temperawtres up to 300°C,

since this active ingredient is thermally very stable.

The throughput rate is also of importance because even at relatively low temperatures
the water-soluble palymer may start to decompose when it remains tog fong in contact

with the heating element.

It will be appreciated that the person skilled in the art will be able to optimize the
parameters of the melt extrusion process within the above given ranges. The working
temperatures will also be determined by the kind of extruder or the kind of configuration
within the extruder that is used. Most of the energy needed to melt, mix and dissolve
the components in the extruder can be provided by the heating elements. However, the
friction of the material within the extruder may also provide a substantial amount of
energy to the mixture and aid in the formation of a homogenous melt of the

components.

Spray-drying of a solution of the components also yiclds a solid dispersion of said
components and may be a useful alternative to the melt-exirusion process, particularly in
those cases where the water-soluble polymer is not sufficicatly stable to withstand the

extrusion conditions and where residual solvent can effectively be removed from the

B'5 AUG 2018



| 6¢

WO 97/44014 PCT/EP97/02507

.

solid dispersion. Yet another possible preparation consists of preparing a solution of the
components, pouring satd solution onto a large surface $0 as 1o form 4 thin film. and

cvaporating the solvent therefrom.

5  The solid dispersion product is milled or ground to particles having a particle size of less
than 600 Wm, preferably less than 400 jm and most preferably less than 125 pm, The
particle size proves to be an important factor determining the speed with which tabiets
having sufficient hardness can be manufactured on a large scale ; the smaller the
particles, the faster the tabletting speed can be without detrimental effects on their

10 quality. The particle size distribution is such that more than 70% of the particies
(measured by weight) have a diameter ranging from about 30 um to about 500 um. in
particular from about 50 pm to about 200 ym and most in particular from about 50 pm
to about 125 pm. Particles of the dimensions mentioned herein can be obtained by
sieving them through nominal standard test sicves as described in the CRC Handbook,

15 64" ed., page F-114. Nominal standard sieves are characterized by the mesh/hole width
(um), DIN 4188 (mm), ASTM E 11-70 {No), Tyler® (mesh) or BS 410 (mesh) values.
Throughout this description, and in the claims hereinafter, particle sizes are designated
by reference to the mesh/hole width in mm and to the corresponding Sieve No. in the

ASTM EI11-70 standard.
20

Preferred are particles wherein the itraconazole is in a non-crystalline phase as these
have an intrinsically faster dissolution rate than those whercin part or all of the

itraconazole is in a microcrystalline or erystalline form.

25  Preferably, the solid dispersion is in the form of a solid solution comprising (a) and (b).
Alternatively, it may be in the form of a dispersion wherein amorphous or
microcrystalline (a) or amorphous or microcrystalline (b) is dispersed more or less

evenly in a solid solution comprising (a) and (b).

30  The water-soluble polymer in the particles according to the present invention is a
polymer that has an apparent viscosity of 1 to 100 mPa.s when dissolved ina 2 %
agueous solution at 20°C solution. For example, the waler-soluble polymer can be
selected from the group comprising
- alkylcelluloses such as methylceliulose.

35 - hydroxyalkylcelluloses such as hydroxymethylcellulose, hydroxyethylcellulose.

hydroxypropylcellulose and hydroxybuivlcelluiose.
- hydroxyalkyl alkylcetluloses such as hvdroxycthyl methyiceliulose and hydroxypropy!
methyiceilulose.
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- carboxyalkyicetluloses such as carboxymcthylcellulose,

- alkali metal salts of carboxyalkylcelluloses such as sodium carboxymethylcelinlose,

- carboxyalkylalkylcelluloses such as carboxymethylethylcellulose,

- carboxyalkylcellulose esters,

- starches,

- pectines such as sodium carboxymethylamylopecting,

- chitin denivates such as chitosan,

- polysaccharides such as alginic acid, alkali metal and ammonium salts thereof,
carrageenans, galactomannans, tragacanth, agar-agar, gummi arabicurn, guar gummi
and xanthan gummnii,

- polyacrylic acids and the salts thereof,

- polymethacrylic acids and the salts thereof. methacrylate copolymers,

- polyvinylalcohol,

- polyvinylpyrrolidone, copolymers of polyvinylpyirolidone with vinyl acetate,

- polyalkylene oxides such as polyethylene oxide and polypropylene oxide and
copolymers of ethylene oxide and propylene oxide.

Non-enumcrated polymers which are pharmaceulically acceptable and have appropriale

physico-chemical properties as defined hereinbefore are equalty suited for preparing

particles according to the present invention.

Preferred water-soluble polymers are hydroxypropyl methylcelluloses or HPMC. Said
HPMC contains sufficient hydroxypropy! and mcthbxy groups to render it water-soluble.
HPMC having a methoxy degree of substitution from about 0.8 to about 2.5 and a
hydroxypropyl molar substitution from about 0.05 to about 3.0 are generally water-
soluble. Methoxy degree of substitution refers to the average number of methyl ether
groups present per anhydroglucose unit of the cellulose molecule. Hydroxy-propyl
molar substitution refers to the average number of moles of propylene oxide which have
reacted with each anhydroglucose unit of the cellulose molecule. Hydroxypropyl
methylcellulose is the United States Adopted Name for hypromellose (see Martindalc,
The Extra Pharmacopoeia, 29th edition, page 1433). In the four digit number 2910,
the first two digits represent the approximate percentage of methoxy! groups and the
third and fourth digits the approximate percentage compasition of hydroxypropoxy!
groups ; 5 mPa.s is a value indicative of the apparent viscosity of a 2 % aqueous solution
at 20°C.

The molecular weight of the HPMC normally affects both the release profilc of the
milled extrudate as well as its physical properties. A desired relcase profile can thus be

designed by choosing an HPMC of an appropriate molecular weight : for immediate
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relcase of the active ingredient from the particles, a low molecular weight polymer is
preferrcd. High molecular weight HPMUC is more likely to yield a sustained release
pharmaceutical dosage form. The molecular weight of a water-soluble cellulose ether is
generally expressed in terms of the apparent viscosity at 20°C of an aqueous solution
containing two percent by weight of said polymer. Suitable HPMC include those having
a viscosity from about | to about 100 mPa.s. in particular form about 3 to about

15 mPa.s, preferably about 5 mPa.s The most preferred type of HPMC having a
viscosity of 5 mPa.s., is the commercially available HPMC 2910 5 mPa.s, because this
yiclds particles from which superior oral dosage forms of itraconazole can be prepared

as will be discussed hereunder and in the experimental part.

The weight-by-weight ratio of (a) : (b)isintherangeof 1:1to1:17 preferably | : 1
to 1 :5. In the case of (itraconazole) : (HPMC 2910 5 mPa.s), said ratio may range
from about | : 1 to about | : 2, and optimally is about 1 : 1.5 (or 2 : 3). The weight by
weight ratio of itraconazole to other water-soluble polymers may be determined by a
person skilled in the art by straightforward experimentation. The lower limit is
determined by practical considerations. Indeed, given the therapeutically effective
amount of itraconazole (from about 50 mg 10 about 300 mg, preferably about 200 mg
per day), the lower limit of the ratio is determined by the maximum amount of mixtare
that can be processed into one dosage form of practical size. When the relative amount
of water-soluble polymer is too high, the absolute amount of mixture nceded 1o reach
the therapeutic level will be too high to be processed into one capsule or tablet, Tablets,
for example, have a maximum weight of about 1 g, and the extrudate can account for
maximally about 90 % (w/w) thereof. Consequently, the lower limit of the amount of
itraconazole over hydroxypropyl methyi ccilulose will be about 12 17 (50 mg

itraconazole + 850 mg water-soluble polymer).

On the other hand, if the ratio is too high. this means the amount of itraconazole is
relatively high compared to the amount of water-solublc polymer, then there is the risk
that the itraconazole will not dissolve sufficiently in the water-soluble polymer, and thus
the required bioavailability wiil not be obtained. The degree to which a compound has
dissolved into a water-soluble polymer can often be checked visually : if the extrudate is
clear then it is very likely that the compound will have dissolved completely in the
water-soluble polymer. The 1 : i upper limit is determined by the fact that above said
ratio it was observed that the extrudate resulting from exiruding itraconazole with
HPMC 2910 5 mPa.s is nol "clcar”, presumably due to the fact that not all of the
itraconazole has dissolved in the HPMC. 1t will be appreciated that the upper limit of

1 : 1 may be underestimated for particular water-soluble polymers. Since this can be
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established easily but for the experimentation time involved, solid dispersions wherein
the ratio (a) : {b) is larger than 1 : 1 are also meant to be comprised within the scope of

the present invention,

Preferred particles are those obtainable by melt-extrusion of the components and
grinding, and optionally sieving. More in particuiar, the present invention concerns
particles consisting of a solid solution comprising two parts by weight of itraconazole
and three parts by weight of hydroxypropyl methylcellulose HPMC 2910 5 mPa.s,
obtainable by blending said components, melt-extruding the blend at a temperature in the
range of 120°C - 300°C, grinding the extrudate, and optionally sieving the thus obtained
particles. The preparation is easy to perform and yields itraconazole particles that are

free of organic solvent.

The particle as described hercinabove may further comprise one or more
pharmaceutically acceptable excipients such as, for example, plasticizers, flavors,
colorants, preservatives and the like. Said excipients should not be heat-sensitive, in
other words, they should not show any appreciable degradation or decomposition at the

working temperature of the melt-extruder.

In the current itraconazole : HPMC 2910 5 mPa.s formulations, the amount of plasticizer

- is preferably small. in the order of 0 % to 15 % {w/w), preferably less than 5 % (w/w).
With other water-soluble polymers though, plasticizers may be employed in much
different, often higher amounts because plasticizers as mentioned hereinbelow lower the
temperature at which a melt of (a), (b) and plasticizer is formed, and this lowering of the
melting point is advantagous where the polymeer has limited thermat stability. Suitable
plasticizers are pharmaceutically acceptable and include low molecular weight
polyalcohols such as ethylene giycol, propylene glycol, 1,2 butylene glycol, 2,3-butylene
glycol, styrene glycol; polyethylene glycols such as dicthylene glycol, triethylene glycol,
tetraethylene glycol: other polyethylene glycols having a molecular weight lower than
1,000 g/mol; polypropylene glycols having a molecular weight lower than 200 g/mol;
glycol ethers such as monopropylene glycol monoisopropyl ether: propylene glycol
monoeethyl ether; diethylene glycol monocthyl ether; ester type plasticizers such as
sorbitol lactate, ethyl lactate, butyl lactate, ethyl glycolate, ally} glycollate; and amines
such as monoethanolamine. diethanolamine, tricthanolamine, monoisopropanolaminc;
tricthylenetetramine, 2-amino-2-methyl-1.3-propanediol and the like. Of these, the low
molecular weight polyethylene glycols, ethylene glycol, low molecular weight
polypropylene giycols and especially propylene glycol are preferred.

b5 AUC 2010
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Once the extrudate is obtained, it is milled and sieved and used as a “normal” ingredient

o make pharmaceutical dosage forms.

The particles of the present invention can be formulated into pharmaceutical dosage
forms comprising a therapeutically effective amount of particles. Although, at first
instance, pharmaceutical dosage forms for oral administration such as tablets and
capsules are envisaged, the particles of the present invention can also be used to prepare
pharmaceutical dosage forms e.g. for rectal administration. Preferred dosage forms are
those adapted for oral administration shaped as a tablet. They can be produced by
conventional tabletting techniques with conventional ingredients or excipients and with
conventional tabletting machines. In addition, they can be produced at substantially
lower cost than the coated cores. As mentioned above, an effective antifungal daity
dose of itraconazole ranges from about 50 mg to about 300 mg o0.d., and preferably is
about 200 mg o.d. When one considers that the weight-by-weight ratio of (a) : (b) is
maximally about 1 : 1, then it follows that one dosage form will weigh at least 400 mg.
In order to facilitate the swallowing of such a dosage form by a mammat, it is
advantageous to give the dosage form, in particular tablets, an appropriate shape.
Tablets that can be swallowed comfortably are therefore preferably elongated rather
than round in shape. Especially preferred are biconvex oblate tablets. As discussed
hereunder in maore detail, a film coat on the tablet further contributes to the ease with

which it can be swallowed.

Tablets that give an immediate release of itraconazolc upon oral ingestion and that have
good bicavailability are designed in such a manner that the tablets disinicgrate rapidly in
the stomach (immediate rclease) and that the particles which are liberated thereby are
kept away from one another so that they do not coalcsce, give local high concentrations
of itraconazole and the chance that the drug precipitates (bigavailability). The desired
effect can be obtained by distributing said particles homogeneously throughout a
mixture of a disintegrant and a diluent.

Suitable disintcgrants are those that have a large coefficient of expansion. Examples
thereof are hydrophilic, insoluble or poorly water-soluble crosslinked potymers such as
crospovidone (crosslinked polyvinylpyrrolidone) and croscarmellose {crosslinked
sodium carboxymethylcellulose). The amount of disintegrant in immediate rclease
tablets according to the present invention may conveniently range from about 3 to about
15 % (w/w} and preferably is about 7 to 9 %, in particular gbout 8.5 % (w/w). This
amount tends to be larger than usuai in tablets in order to ensure that the particles are

sprcad over a large volume of the stomach contenis upan ingestion, Because
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disintegrants by their nature yield sustaincd release formulations when employed in bulk,

it is advantageous to difute them with an inert substance called a diluent or filler.

A variety of materials may be used as diluents or fillers. Examples are spray-dried or
anhydrous lactose, sucrose, dextrose, mannitoi, sorbitol, starch. cellulose (e.g. micro-

__ crystalline cellulose Avicel™), dihydrated or anhydrous dibasic calcium phosphate, and

others known in the art, and mixtures thereof. Preferred is a commercial spray-dried
mixture of lactose monohydrate {75 %) with microcrystalline cellulose (25 %) which is
commercially avaiible as Microcelac™. The amount of diluent or filler in the tablets may
conveniently range from about 20 % to about 40 % (w/w) and preferably ranges from
about 25 % to about 32 % (wiw).

The tablet may include a variety of one or more other conventional cxcipients such as
binders, buffering agents, lubricants, glidants, thickening agents, sweetening agents,

flavors, and colors. Some excipients can serve muitiple purposes.

Lubricants and glidants can be employed in the manufacture of certain dosage forms,
and will usually be emploved when producing tablets. Examples of lubricants and
glidants arc hydrogenated vegetable oils, e.g hydrogenated Cottonseed oil, magnesium
stearate, stearic acid, sodium lauryl sulfate, magnesium lauryl sulfate, colloidat silica,
talc, mixtures thereof, and others known in the art. Interesting lubricants and glidants
are magnesium stearate, and mixtures of magnesium stearate with colloidal silica. A
preferred lubricant is hydrogenated vegetable oil type 1, most preferably hydrogenated,
deodorized Cottonseed oil (commercially available from Karlshamns as Akofine NF ™
(formerly called Sterotex™Y). Lubricants and gtidants generally comprise 0.210 7.0 %
of the total tablet weight.

Other cxcipients such as coloring agents and pigments may also be added to the tablets
of the present invention. Coloring agents and pigments include titanium dioxide and
dyes suitable for food. A coloring ageni is an optional ingredient in the tablet of the
present invention, but when used the coloring agent can be present in an amount up to
3.5 % based on the total tablet weight.

Flavors are optional in the composition and may be chosen from synthetic flavor oils and
flavoring aromatics or natural oils, extracts from plants leaves, flowers, fruits and so
forth and combinations thereof. These may include cinnamon oil, oil of wintergreen,
peppermirnt oils, bay oil, anise oil, eucalyptus, thyme oil. Also useful as flavors are

vanilly, citrus oil, including lemon, orange. grape, lime and grapefruit, and fruit essences,
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tncluding apple, banana, pear, peach, strawberry, raspberry. cherry, plum. pincapple,
apricot and so forth, The amount of flavor may depend on 4 number of factors
including the organoleptic cffect desired. Generaily the flavor will be present in an
amount from about § % to about 3 % (w/w).

As known in the art, tablet blends may be dry-granuiated or wet-granulated before
tabletting. The tabletting process itself is otherwisc standard and readily practised by
forming a tablet from desired biend or mixture of ingredients into the appropriate shape
using a conventional tablet press.

Tablets of the present invention may further be film-coated to improve laste, to provide
case of swallowing and an elegant appearance. Many suitable polymeric film-coating
materials are known in the art. A preferred film-coating material is hydroxypropyl
methyicellulose HPMC, especially HPMC 2910 5 mPa.s. Other suitable frim-forming
polymers also may be used herein, including, hydroxypropylcellulose, and acryiate-
methacrylate copolymers. Besides a film-forming polymer, the film coat may further
comprise a plasticizer (e.g. propylene glycol} and optionally 4 pigment (e.g. titanium
dioxide). The film-coating suspension also may contain talc as an anti-adhesive. In
immediate release tablets according to the invention. the film coat is small and in terms

of weight accounts for less than about 3 % (w/w) of the total tabfet weight.

Preferred dosage forms are those wherein the weight of the particles is at icast 40) % of
the total weight of the total dosage form. that of the diluent ranges from 20 to 40 %,
and that of the disintegrant ranges from 3 to 10 %, the remainder being accounted for by
one or more of the excipients described hereinabove. As an example of a preferred oral
dosage form comprising 200 mg of itraconazole, the following formula may be piven :

21:65 % itraconazole (200 mg)

32.48 % HPMC 2910 5 mPa.s (300 mg)

30.57 % spray-dricd lactose monohydrate microcrystalline cetlulose (75 : 25)

mixture (282.4 mg)

8.49 %  crospolyvidonc (78.4 mg)

279 %% lale (25.8 mg)

0.93 % hydrogenated vegetable oi! Type 1 (8.6 mg)

0.28 % colloidai anhydrous silica (2.6 mg)

0.24 %  magnesium stearate (2.2 mg). vickding

97.43 % tablet core, and

1.47 %  HPMC 2910 5 mPa.s (13.57)
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037 %  propylensglycol (3.39 mg)

0.2% % talc (2.7]1 mg)

0.44 %  titanium dioxide (4.07 mg). yielding
2.57%  fHilm-coat.

Preferred dosage forms according to the present invention are those from which at least
85 % of the available itraconazole dissoives within 60 minutes when a dosage form
equivalent to 200 mg itraconazole is tested as set forth in USP test <711 in a USP-2
dissolution apparatus under conditions at least as stringent as the following : 900 ml
phosphate buffer, pH 6.0, 37°C with paddles turning at 100 rpm. Tablets complying
with the preceding definition can be said 10 have Q > 85 % (60"). Preferably, tablets
according to the present invention will dissolve faster and have Q > 85 % (15’), more
preferably Q > 85 % (57),

The present invention further concerns a process of preparing particles as described
hereinbefore, characterized by blending the components, extruding said blend at a
temperature in the range of 120 - 300 °C, grinding the extrudate, and optionally sieving
the particles.

The invention also concems solid dispersions obtainable by melt-extrusion of
(a) itraconazole or one of its sterecisomers or a mixture of two or three or four of its

stereoisomers, and
{b) one or more pharmaceutically acceptable water-soluble polymers.

It ts another object of the invention to provide a process of preparing a pharmaceuticai
dosage form as described hereinbefore, characterized by blending a therapeutically
effective amount of particles as described hereinbefore, with pharmaceutically
acceplable excipients and compressing said blend into tablets.

Further, this invention concerns particles as described hereinbefore, for use in preparing
a pharmaceutical dosage form for oral administration to a mammal suffering from a
fungal infection, wherein a single such dosage form can be administered once daily to

said mammal.

The invention also relates to particles as described hereinbefore, for use in preparing a
pharmaceutical dosage form for oral administration to a mammal suffering from a fungal
infection, wherein said dosage form can be administered at any time of the day

independently of the food taken in by said mammal.
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The present invention also concerns the use of particles according 10 as described
hereinbefore, for the preparation of a pharmaceutical dosage form for oral
administration to a mammal suffering from a fungal infection, wherein a single such

dosage form can be administercd once daily to said mammal.

The present invention also concerns the use of particles as deseribed hereinbefore, for

the preparation of a pharmaceutical dosage form for oral administration (o 2 mammal
suffering from a fungal infection, wherein said dosage form can be administered at any
time of the day independently of the food taken in by said mammal.

The invention also relates to a method of treating a fungal infection in a mammal which
comprises administering to said mammal an effective antifungal amount of itraconazole

in a single oral dosage form which can be administered once daily.

The invention also relates to a method of treating a fungal infection in 2 mammal which
comprises administering to said mammal an effective antifungal amount of itraconazole
in a single oral dosage farm which can be administercd at any time of the day
independently of the food taken in by said mammal.

The invention also relates to a pharmaceutical package suiiable for commercial sale
comprising a container, an oral dosage form of itraconazcle as described hereinbefore,
and associated with said package written matter non-limiled as to whether the dosage
form can be taken with or without food.

It has been observed that the tablets of the present invention showed a remarkably lower
food-effect than the prior art Sporanox™ capsules. This means that the difference
between taking the medication after a meal or in fasted state is significantly less when
the tablet of the present invention is administered than when Sporanex™ capsules are
administered. This is of course a huge advantage because the medication can he taken
in at any time during the day and is no longer dependent upon the intake of a meal.
Moreover, patients. who are feeling nauscous or who are not able to cat can still take
the tablets of the present invention.

Example |

a) preparation of Triaset®

A 40/60 {w/w) mixtwure of itraconazole (21.74 kg) and hydroxypropy] methylcellulose
2910 5 mPa.s(1) or HPMC 2910 5 mPa.s (32.11 kg) were both sicved and mixed in a
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planetary mixer until the mixture was homogenous. This physical mixture of
itraconazole and HPMC is also known as Triaset®.

b) preparing the melt extrudate

1500 g of Triaset® was fed into a twin screw melt extruder of the type APV-Baker
MP19 L/D 1Shaving the following operating parameters : temperature of the first
compartment was 245°C, temperature of the second compartment was 263°C, the twin
screw had a rate of 20 - 300 revolutions/min and was extruded during 120 minutes. The
extrudate was brought in a hammer mill of type Fitzmiil, the mesh of the sicve was
0.125 inch (= 0.32 cm) and revolving speed was 1640 revolutions per minute. The
milled extrudate was again brought in a hammer mill, this time with a sieve of mesh
0.063 inch (= 0.16 cm) and a revoiving speed of 1640 revolutions per minute. Yield
was 1169 g (78 %).

c) preparation of a tabletting mixture

Microcrystalline cellutose (351 g, 21 % (w/w)), Crospovidone (117 g, 7 % (w/w)) ,
Aerosil (colloidal silicon dioxide) (5 g, 0.3 % (w/w)) and Sterotex (8 g, 0.5 % (w/w))
were sieved and mixed together with the milled extrudate (1169 g, 71 % (w/w)) using a

planetary mixer unti] 2 homogenous mixture was obtained {15 minutes).

d} Tabletting
Using the mixture obiained in ¢} 1450 oval biconvex half-scored tablets of 706 mg (dic
length = 17.6 mm, breadth = 8.4 mm) were prepared on an Excenterpress Courtoy 27.

Example 2
The process as described in example 1 was repeated, but the extrusion step was carried
out as follows :

1000 g of Triaset® was inserted into 2 meltextruder of the type APV-Baker MP1S L/D
15 having the following operating parameters : temperature of the first compartment
was 170°C, temperature of the second compartment was 170°C, the twin screw had a
rate of 450 revolutions/min. The extrudate was brought in a hammer mill of type
Fitzmill, the mesh of the sieve was 0.125 inch (= (.32 cm) and revolving speed was
1640 revolutions per minute. The milled extrudate was again brought in a hammer mill,
this time with a sieve of mesh 0.063 inch (= 0.16 cm) and a revolving speed of 1640

revolutions per minute,

b5 AUG 2010
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The tablets were prepared in the same manner as described in Example | and had the
following characieristics
- nosminal weight : 706 mg
- disintegation time : < 15 minutes
5 - hardness : > 6 daN {deca Newton)
- height : 6.7+ 0.1 mm

Example 3
Itraconazole plasma leveis in healthy volunieers after single oral administration of 200
10 mg in two different formulations in fasting conditions.

Treatment with the available prior art itraconazole capsules

200 mg as \wo 100 mg coated cores-capsules {Sporanox@) 10 fasung condmions
15  five volunteers

time (h} plasma leve! (ng/mi)

mean value (5.D.)

ND{1)

26.8 (271.1)
125 (11D
128 (i0D
110 (B4.3)
84.5 (68.9)
71.1 (55.2)
54.5 (44.3)
25.6 (20.3)

o0 Ch h B e ) — O
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Treatment with tablets of the present invention as prepared in example |, i.e one 200 mg

"melt extrusion tablet” in fasting conditions

time (h) plasma level (ng/ml)
mean value {5.D.)

ND(1)

544 (51.3)
143 (97.8)
191 (111}
208 (124)
198 (136)
153 (107)
124 (79)
44.5 (24.2)

20 O WU AL N e D

[
Y

This limited study in volunteers (n=5) shows that in fasted state the melt extrusion tablet
gives a AUC of itraconazole (which is a measure for the bioavailability of itraconazole)
that is 2.3 times the AUC of itraconazole when administercd as 2 times a 100 mg
capsule of Sporanox™. When using the non-parametric test (WILCOXON) this
difference appears 1o be significant at a confidence level of 90 %.

Example 4
a) preparation of a tabletting mixture

A spray-dried mixture of lactose monohydrate (75 %) and microcrystalline cellulose
(25 %) (2.824 kg, 30.57 % (w/w}), Crospovidonc (784 g, 8.49 % (w/w)) .Talc (258 g,
2.79 % (wiw)), Aerosil (26 g, 0.28 % (w/w}), magnesium stearate (22 g. 0.24 %
{wiw)) and Sterotex (86 g. 0.093 % (w/w)} were sieved and mixed together with the
milled extrudate (5 kg, 54.13 % (w/w)} using a planelary mixer until 2 homogenous
mixture was obtained (15 minutes). All % (w/w} are bascd on the total weight of a film-
coated tabley.

b) Tabletting
Using the mixture obtained in a) 3,000 oval hiconvex tablets of 900 mg were prepared
on an Excenterpress Courtoy 27.

b5 AUG 2010
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¢} Film-coating

The tablets obtained in b) were film-coated using a suspension comprising by weight :
HPMC 2910 5 mPa.s (8.5 %), propylene giycol (2.1 %), talc (1.7 %), and titanium
dioxide (2.6 %) in demineralised water (85 %). HPMC 2910 5 mPa.s was added (o the
purified water and mixed until completely dispersed. The solution was left to stand until
clear. Propylene glycol was added and mixed until uniform. Talc and titanium dioxide
were added to the solution and mixed until uniform. The tablets obtained in d) were
placed in a coating pan and the pigmented coating solution was sprayed onto the cores.
Average tablet weight was 924.7 mg.

d}) Packing
The coated tablets were packed into polyvinyl/aluminium foil blister packs, which in tum

were packed into cardboard cartons.

e} Dissolution Properties

In-vitro dissolutions studies were performed on the 200 mg tablet formulation. The
medium was 900 mt of 0.1 N HC1 a1 37°C in Apparatus 2 (USP 23, <711> Dissolution,
pp. 1791-1793) (paddle, 100 rpm). The concentration of the active ingredient
itraconazole dissofved in the test medium was determined by removing a 3 mi sample
at the indicated time, measuring its absorbance at 254 nm and calculating the
concentration therefrom.

The following results were obtained :

Calcujated concentration (% w/w) of the active dose

Time samptle | | sample 2 { sample 3 | sample 4 { sample 5 | samplc 6 | average

{rmin}
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
s 83.70 85.10 79.56 87.39 86.04 89.73 85.25

15 97.65 ¥7.79 97.34 97.20 97.29 100.62 | 97.98
30 97.43 98.78 98.82 100.71  |98.82 99.59 99.02
45 98.42 98.55 98.69 100.49 198.87 99.18 99.03
60 99.27 99.54 99.36 100.44 9891 99.23 99.46

Example 5
a) preparation of particles < 125 pm.




| 87

WO 97/44014 PCT/EP97/02507

-19-

1500 g of Triaset® was melt extruded as as described in example 1 and milled in
Fitzmill hammer mill at 4736 rpm and a sfeve of 0.51 mm. The particle fraction with a
size < 125 um was isolated by further sicving through a sicve No 120 (ASTM E 11-70)
; yield < 10 %.

b) tabletring
A tabletting mixture having a composition as described in Example 4, but comprising
particles having a size < 125 um was prepared and compressed on a Korsch tabletting
machine operating at a speed of 10,800 tablets/hour, a compression pressure of 1500 to
10 1950 kg /cm? (147 - 191.1 MPa). The length of the dic was 19 mm, breadth 9.5 mm,
and the radius of curvature 9.57 mm. The (ablets had the following characteristics :
- nominal weight : 906.9 mg
- maximum height : 5.88 mm
- hardness : 11 dalN
15 - disintegration time :2'15"
- friability : 0 %

& 5 AUG 2010



\ ¢

10
15
20
25

30

35

WO 97/44014 PCT/EP97/02507

Claims

[. A particle consisting of a solid dispersion comprising

(a) itraconazole, or one of its sterecoisomers, or @ mixture of two or three or four of its
stereoisomers, and

(b) one or more pharmaceutically acceplable water-soluble polymers.

. A particle according to claim 1 having a particle size of less than 600 pm.

. A particle according to claim | or 2 wherein the itraconazole is in a non-crystalline

phase.

. A particle according to claim 3 wherein the solid dispersion is in the form of a solid

solution comprising (a) and (b). or in the form of a dispersion wherein amorphous or
microcrystalline (a) or amorphous or microcrystalline {h) is dispersed more or less

evenly in a solid solution comprising (a) and (b).

. A particle according to the preceding claims whercin the water-soluble polymer is a

polymer that has an apparent viscosity of | to 100 mPa.s when dissolved ina 2 %
agueous solution at 20°C solution.

. A particle according to claim 5 whercin the water-soluble polymer is selected from

the group comprising

- alkylcelluioses such as methylcellulase,

- hydroxyaikylcelluloses such as hydroxymethylcclluiose,
hydroxyethylceilulose,

- hydroxypropyleellulose and hydroxybutylceltulose,

- hydroxyalkyl atkylcelluloses such as hydroxyethyl methyleellulosc and
hvdroxypropy! methylcellulose,

- carboxyalkylcelluleses such as carboxymethylceliutose,

- aikali metal salts of carboxyalkylcelluloses such as sodium
carboxymethylceilulose,

- carboxyalkylalkylcelluloses such as carboxymethylethyleellulose,

- carboxyalkylcellulosc esters,

- starches,

- pectines such as sodium carboxymethylamylopectine.

- chitin derivates such as chitosan,

- poilysaccharides such as alginic acid, alkali metal and ammonium salts thereof,
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carrageenans, galaclomannans, traganth, agar-agar, gummi arabicum, guar
gummi and xanthan gummi,
- polyvacrylic acids and the salts thereof,
- polymethacrylic acids and the salts thereof, methacrylate copolymers,
- polyvinylalcohol,
- polyvinylpyrrolidone, copolymers of polyvinyipyrrolidone with vinyl acetate
- polyalkylene oxides such as polyethylene oxide and polypropylene oxide and

copolymers of ethylene oxide and propylene oxide.

7. A particle according to claim 6 wherein the water-soluble polymer is hydroxypropy!
methylcellulose HPMC 2910 5 mPas.

8. A particle according to claim 7 wherein the weight-by-weight ratio of (a) : (b) is in
therangeof 1:1t01:17.

9. A particle according to any one of the preceding claims obtainable by melt-extrusion

of the components and grinding, and optionally sieving.

10. A particle according to any one of the previous claims consisting of a solid solution
comprising two parts by weight of itraconazole and threc parts by weight of
hydroxypropyl methylcellulose HPMC 291¢ 5 mPa.s, ohiainable by blending said
components, extruding the blend at a temperature in the range of 120°C - 300°C,

grinding the extrudate, and optionally sicving the thus obtained particles.

11, A particle according to the preceding claims further comprising one or more

pharmaccutically acceptable excipients.

12. A pharmaceutical dosage form comprising 2 therapeutically effective amount of

particles as claimed in any one of the preceding claims.

I3, A dosage form according 1o claim 12 adapted for oral administration shaped as a
tablet.

14. A dosage form according io claim 12 for immediate retease of itraconazole upon oral
ingestion wherein said particles are homogeneously distributed throughout a mixture
of a dilucnt and a disintegrant.

15. A dosage form according to claim 13 or 14 surrounded by a film-coat comprising a

film-forming polymer, a plasticizer and optionaliy a pigment.

k-5 AUG 2010
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16. A dosage form according 10 claim 14 wherein the difuent is a spray-dried mixwre of
tactose monohydrate and microcrystalline celulose (75 : 25), and the disintegrant is

crospovidone or croscarmellose.

5
17. A dosage form according lo any one of claims 12 to 16 wherein the weight of said
particles is at least 40 % of the total weight of the dosage form.
18. A dosage form according to claim 12 comprising by weight based on the total weight
10 of the dosage form :

21.65 % itraconazole (200 mg)
32.48 % HPMC 2910 5 mPa.s (300 mg)
30.57 % spray-dried lactose monohydrate : microcrystalline cellulose (75 : 25)
mixture (282.4 mg)
15 8.49 % crospovidone (78.4 mg)
2.79 % 1alc (25.8 mg)
0.93 % hydrogenated vegetable oil Type I (8.6 mg)
0.28 % colloidal anhydrous silica (2.6 mg)
0.24 % magnesium stearate (2.2 mg), yielding
20 97.43 % tablet core, and

147 9% HPMC 2910 5 mPas (13.57)
0.37 % propylencgiveol (3.39 mg)
0.29 % talc (2.71 mg)
25 0.44 % titanium dioxide (4.07 mg)}, vielding
2.57 % film-coat.

19. A dosage form according to any one of claims 12 to 18 from which at least 85 % of
the available itraconazole dissolves within 60 minutes when a dosage form cquivalent
30 to 200 mg itraconazole is tested as set forth in USP test <711> in a USP-2
dissolution apparatusunder conditions at least as stringent as the following : 900 ml
phosphate buffer, pH 6.0, 37°C with paddles turning at 100 rpm.

20. A process of preparing particles as ctaimed in any one of claims 1 to | ]
35 characterized by blending the components, extruding said blend a1 a temperature in
the range of 120 - 300 °C, grinding the extrudate, and optionally sieving the

particles.
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21. A solid dispersion oblainable by melt-extrusion of
(a) itraconazole or onc of its sterecisomers or a mixture of two or three of its

stereoisomers, and
(b) one or more pharmaceutically acceptable water-soluble polymers.

22. A process of preparing a pharmaceutical dosage form as claimed in any one of claims
12 to 19 characterized by blending a therapeutically effective amount of particles as
claimed in any one of claims 1 to 11 with pharmaceutically acceptabie excipients and

compressing said blend into tablets.

23. Particies according to any one of claims 1 to 11 for use in preparing a
pharmaceutica) dosage form for oral administration to a mammal suffering from a
fungal infection, whercin a single such dosage form can be administered once daily 10

said mammal.

24. Particles according to any one of claims 1 to 11 for use in preparing a
pharmaceutical dosage form for oral administration to a mammal suffering from a
fungal infection, wherein said dosage fort can be administered at any time of the day
independently of the food taken in by said mammal.

25. Usc of particles according to any one of claims | to 11 for the preparation of a
pharmaceutical dosage form for oral administration to a mammal suffering from a
fungal infection, wherein a single such dosage form can be administered once daily to

said mammai.

26. Use of particles uccording to any onc of claims | to 1 for the preparation of a
pharmaceutical dosage form for oral administration to a mammal suffering from a
fungal infection. whercin said dosage form can be administered at any time of the day
independently of the food taken in by said mammal.

27. A pharmaceutical package suitable for commercial sale comprising a container, an
oral dosage form of itraconazole as claimed in any one of claims 12 to 19, and
associated with said package written matter non-limited as Lo whether the dosage

form can be taken with or without food.
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Physical Properties of Solid Molecular
Dispersions of Indomethacin with
Poly(vinylpyrrolidone) and
Poly(vinylpyrrolidone-co-vinyl-
acetate) in Relation to Indomethacin
Crystallization

'Takahiro Matsumoto'? and George Zografi'”

Received April 30, 1999; accepied July 24, 1999

Purpose. To measure solid-state features of amorphous molecular
dispersions of indomethacin and various molecular weight grades of
poly(vinylpymolidene}, PVP, and poly(vinylpymolidone-co-vinylace-
Late), PVP/VA, in relation o isothermal crystatlization of indomethacin
at 30°C.

Methods. The glass transition temperatures {Tg) of molecular disper-
sions were measured using differential scanning calorimetry (DSC).
FT-IR spectroscopy was used (0 investigate possible differences in
interactions between indomethacin and polymer in the various disper-
sions. The enthalpy relaxation of 5% w/w and 30% w/w polymer disper-
sions was determined following various aging times. Quantitative
isothermal crystatlization studies were carried out with pure indometha-
cin and 5%w/w palymers in drug as physical mixtures and molecu-
lar dispersions. :

Resulis. All coprecipitated mixtures exhibited a single glass transition
temperature. All polymers interacted with indomethacin in the solid
state through hydrogea bonding and in the process eliminated the
hydrogen bending associated with the carboxylic acid dimers of indo-
methacin. Molecular mobility at 16.5°C below Tg was reduced relative
to indomethacin alone, at the 5%w/w and 30%w/w polymer level. No
erystallization of indomethacin at 30°C was observed in any of the
S%wiw polymer molecular dispersions over a period of 20 weeks.
Indomethacin atone and in physical mixtures with various polymers
completely crystallized to the vy form at this level within 2 weeks.
Conclusions. The major basis for crystal inhibition of indomethacin
at 30°C at the 5%w/w polymer level in molecular dispersions is not
related to polymer molecuiar weight and to the glass transition tempera-
ture, and is morc likely related to the ability 1o hydrogen bond with
indomethacin and to inhibit the formation of carboxylic acid dimers
that are required for nucleation and growth to the + crystal form
of indomethacin.

KEY WORDS: indomethacin; molecular dispersion; polymer; crys-
allization; molecular mobility; glass transition.

INTRODUCTION

It is well recognized that crystalline drugs exhibiting very
poor water solubility ofien have inadequate bioavailability when
administered in solid dosage forms. Conventing such a material

' School of Pharmacy, University of Wisconsin-Madison, 425 N, Char-
ter St., Madison, Wisconsin 53706.

? Present address: Duaiichi Pharmaceutical Co., Ltd,, Pharmaceutical
Research Laboratory, Tokyo R&D Center, 16-13, Kita-Kasai |-
Chome, Edogawa-ku, Tokyo 134-8630, Japan.
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to the high-energy amorphous state offers a strategy for improv-
ing dissolution rates and hence bioavailability (1.2). Such amor-
phous states, however, are metastablc relative 1o the crystalline
state and under certain conditions of temperature and relative
humidity during storage and use they can spontaneously crystal-
lize (3—5). From a pharmaceutical perspective, therefore, it is
necessary to add excipients that might be able to retard any
tendencies for such instability over meaningful timescales.

Co-lyophilization or co-precipitation of a drug with a sec-
ond component having a higher glass transition temperature,
Tg. to form a miscible molecular dispersion has been suggested
as a way 10 meet this objective (6,7). The basic premise is that
the molecular dispersion will have a Tg greater than that of
the drug alone, and hence that the molecular mobility of the
drug will be reduced, therefore reducing tendencies for crystalli-
zation. In particular, polymeric excipients with high Tg values
would appear to provide the basis for accomplishing these
objectives; and, indeed, there have been a number of reports of
enhanced physical stability of amorphous drugs using polymers
such as poly(vinylpyrrolidone), PVP (8,9).

In this Taboratory we have carried oui a series of studies
using indomethacin and PVP90 as a model system. Having
characterized (he amorphous properties of indomethacin
(5,10,11) and PVPO0 (12,13) individually, we have examined
the glass transition temperature, intermolecular hydrogen bond-
ing and inhibition of crystallization of indomethacin as function
of PVP90 concentration (14,15). We have shown significant
inhibition of crystallization at low levels of PVP90, where the
Tg values of the mixtures were very close to that of indometha-
cin alone due to nonidealities of mixing. Using FTIR spectros-
copy we were able to observe significant hydrogen bonding
between indomethacin and PV P90 and the elimination of FTIR
spectral peaks associated with the dimerization of indome‘lhacin
(15). A possible reiationship of such hydrogen bonding to crys-
tallization inhibition by PVP was suggested (15).

Amorphous indomethacin presents an interesting chal-
lenge with eegard to crystallization because it can form one of
two polymorphs depending on the storage temperature relative
to its Tg of 42°C; the more thermodynamically stable -y form
crystallizes welt below Tg and the less stable o form preferen-
tially crystallizes above Tg (10). Whereas many amorphous
systems tend to exhibit optimal conditions for nucleation and
crystal growih above Ty, where molecular mobility is greater,
the v form of indomethacin exhibits an optimal rate of both
nucleation and growth near its Tg of 42°C (16). Thus, it is this
crystal form that must be inhibited during storage at or below
Tg to maintain the amorphous form of indomethacin. In this
study we have focused our attention on storage at 30°C becausc
we are interested in the crystallization behavior of a drug like
indomethacin when it is stored under room temperature condi-
tions. It has been shown that storage of amorphous indomethacin
at temperatures about 40-50°C below Tg, near refrigerator
temperatures, ¢an and does prevent crystallization over very
long time periods (10). For most solid dosage forms, such as
capsules or tablets, however, such low temperature storage is
not practical, and room temperature storage is more desirable.
We also have focused our attention on using fow levels of

"To whom comespondence should be addressed.  (e-mail:
gzografi@facstafl.wisc.edu) polymer so that we can produce the smallest total weight {(small
0724-874LM9/LLIN- 17228 1640310 @ 1999 Plenum Publishing Cerporation 1722
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capsule or tablet size) needed to provide the necessary dose of
drug, while still maintaining long term stability.

MATERIALS AND METHODS
Materials

Indomethacin 1-(p-chlorobenzoyl}-5-methoxy-2-metliyl-
indole-3-acetic acid, was obtained in its -y crystal form from
Sigma Chemical Co. Poly(vinylpyrrolidone) (PVPK90, K30,
17PF, 12PF) and Poly(vinylpyrrolidone-co-vinylacetate) (PVP/
VAG4) were obtained from the BASF corporation. The weight-
average molecular weight of each PVP was reported by the
supplier to be 1,000,000 ~ 1,500,000, 44,000 ~ 54,000,
7,000 ~ 11,000 and 2,000 ~ 3,000 respectively (17). PVP/
VAG64 is a random copolymer containing viny! pyrmrolidone and
vinyl acetate at a molar ratto of 60:40 with a reported molecular
weight range of 45,000 ~ 70,000 (17). PVP and PVP/VA were
dricd at 105°C for 12 hours under vacuum before use.

Methods

Preparation of Molecular Dispersions

Molecular dispersions were prepared vsing a solvent evap-
oration technique, wherein 2 g of the appropriate ratios of the
two camponents were dissolved in 20 ml of anhydrous methanol
at 65°C. The solvent was removed under vacuum at 50°C using
arotary cvaporator. Any residual solvent was removed by drying
under vacuum at room temperature for 24 hours. Amorphous
indomethacin was prepared by quench-cooling of the melt of
the v crystal form. The melt was held at 165°C for 5 min and
then quench-cooled by immersion into liquid nitrogen (5). The
samples were ground gently in a mortar, passed through a 60
mesh sieve, and stored at —20°C over phosphorous pentoxide.

X-ray Powder Diffraction

A scanning X-ray powder diffractometer (PadV, Scintag
Inc., Santa Clara. CA) controlled by a computer (Medel
#B10610, Tektronix Inc., Wilsonville, OR) was used to quantify
the presence of any crystalline indomethacin in the various
samples. The radiation used was generated by a copper Ka
filter, with a wavelength of 1.5418A at 35 kV and 40 mA.
Samples were scanned over a range of 20 values from 5° to
50° at a scan rate of 2.5%min.

Density Determination

The densities of the various samples used in this study
were determined by helium pycnometry (Quantachrome Corp.)
at ambient temperature. The densitics of the PYP90, PVP30,
PVP17, PVPI2 and PVYP/VA weee determined to be 1.21, 1.20,
1.16, 1.17 and 1.18 gem ™, respectively, The density of amor-
phous indomethacin was previously determined to be 1.3}
gem™? (10). ‘

Differential Scanning Calorimetry

DSC measurements were performed using a Seiko
SSC5200 DSC (Seiko Instruments, Horsham, PA) fitted with
an automated liquid nitrogen cooling accessory. Samples (7-15
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mg) were carefully weighed out into aluminum pans that allow
remaval of any residual water with a pinhole in the lid. Dry
nitrogen was used as the purge gas and liquid nitrogen as the
coolant. Unless otherwise noted, heating and cooling rates of
10°C/min were used. Temperatures and enthalpy valucs were
calibrated with pure indium and gallium. Glass transition tem-
peraturcs (Fg) were determined by first heating the samples to
at least 20°C above Tg to erase the previous thermal history
of the samples and then cooling them to 100°C below Tg at a
cooling rate of 40°C/min. The samples were subsequently
heated a second time to 220°C during which the onset Tg and
the change in heat capacity at Tg (ACp) were determined.
Enthalpy refaxation for pure amorphous indomethacin and
the various molecular dispersions containing 5%w/w and
30%w/w polymers was determined by first heating the samples
to at least 20°C above Tg and then cooling to §00°C below Tg
to form a glass with a standardized thermal history. The samples
were heated 10 16.5°C below Tg and held isothermally from 0
to 16 hours. The samples were subsequently cooled 1o ~40°C
and then echeated through Tg to 220°C. The pronounced endo-
thermic recovery peak reflecting enthalpy relaxation was ana-
lyzed. The area of the endotherm {AH) was determined by
constructing a tangent to the curve in the region above Tg
and extrapolating to lower temperatures as reported previously
(18.19}. The AH of pure indomethacin was correcied for dilution
with polymer to ailow comparison with that of the dispersions
with polymer.

IR Spectroscopy

IR absorbance specira were measured by the KBr disk
method using a Mauson Galaxy S5020FTIR spectromcter
cquipped with a DTGS detector. 64 scans were collected for
each sample at a resolution of 2 cm™ ! over the wave number
region 4000 ~ 400 em™".

{sothermal Crvstallization Studies

Mixtures of indomethacin containing 5%w/w of the vari-
ous PVP samples and PVP/VA, as physical mixtures and molec-
ular dispersions, and amorphous indomethacin itself were used
to estimate the extent of any crystallization from the amarphous
state. Samples (250 mg) were placed in scaled glass vials and
stored in desiccators containing P,O4 at a constant temperature
below Tg for up to 20 weeks. The presence of either o or vy
crystals as a possible erystalline form was monitored by remov-
ing vials at appropriate time intervals, mixing with 20%w/w
of LiF and measuring the X-ray pcak height ratios. The ratios
of pcak height at 28 = 8.5° for the o form and 11.6° for the
-+ form to that of LiF at 28 = 38.7° were used for the determina-
tion of the crystaliine indomethacin fraction based on cafibration
curves as previously reported (3.4,14),

RESULTS AND DISCUSSION

Glass Transition Temperatures

The onset Tg values and ACp values at Tg for indometha-
cin, PVP and PVP/VA used in this study are given in Table I,
where it can be seen that the Tg values of PVP increase as the
molecular weight of the sample increases, consistent with the
expected molecular weight dependence of Tg (20). The Tg
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Table L. Glass Transition Temperature, Tg, and Change in Heat Capac-
ity at Tg, ACp, for Single Componenis Measured using DSC with a
Heating Rate of 16°C/min )

Material Onset Tg (°C) ACp(Tg) Jig K)
indomethacin 42 0.55
PVP90 172 0.30
PVP30 156 0.26
PYP17 136 0.33
PVPIZ 99 0.34
PVP/VA 102 0.39

Nute: The standard deviations in the measurement of Tg and ACp are
within * [°C, .02 J/g, respectively.

value of PVP/VA is lower than that of PVP30, both having
about the same molecular weight, and very similar to that of
PYPI12. Figure 1 shows plots of the onset Tg values versus the
weight fraction of PVP and PV P/VA for the various dispersions.
The amorphous nature of all samples was verified by X-ray
powder ditfraction analysis. A single Tg between the Tg values
of the pure camponents is observed over the entire composition
range, indicating a single miscible amorphous phase for all
dispersions. At the lower concentration range of PVP and PVP/
VA (5-30%wi/w), the Tg values of all disperstons are not signifi-
caitly different for a particular weight %w/w of polymer as
Ziven in Table [

The extent to which these dispersions might exhibit devia-
tions from ideal mixing was evaluated by comparison of the
experimental Tg values with those predicted using Eq. 1.,

w,Tg) + Kw,Tg,

Te =
£ w, + Kw,

M
where w, and w; are the weight-fractions of each component,
and Tg, and Tg, are the corresponding Tg values of each
component. Using free volume theory, the constant K can be
ssumated with a knowledge of the density (p,, p:) of both
components using the Simha-Boyer rule (21). In this form
equation [ is the Gordon-Taylor equation (22}, and

T
K ~ Pt gl
p2Te:
tsing a thermodynamic model. equation (1) is known as

the Couchman-Karasz equation, where K now is defined as in
Eq. 3 (23).

3]

_ACp

K =

where ACp is the change in heat capacity at Tg.

The lines in Fig. 1 show the values of Tg that would be
predicted from Eq. 1 using both the free volume and thermody-
namic models. As has been shown before (24), the two theoreti-
cal models generally produce small bui, in some cases,
significant differences in predicted values. In all of the molecu-
far dispersions evaluaied in this study the experimental values of
Tg fall well within reasonable agreement with either predicted
values, indicating fairly ideal mixing. However, in the case of
PVPSO, up to about 20%w/w PVP, there appears to be no
significant change in Tg, a clear indication of non-ideal mixing

Matsumoto and Zografi

in this range of concentration for the highest molecular weight
form of PVP (10).

FTIR Studies

Figure 2 shows the [R spectra of the carbonyl region of
the various dispersions at different polymer concentrations for
only PVP90, PVP12 and PVYP/VA, since the spectra for PVP17
and PVP30 were identical to other PVP samples, [n this figure
we focus on three major regions associated with: 1) the dimer-
ization of the carboxylic acid groups of indomethacin at 1710
em™'; 2 the non-hydrogen bonded carbonyl group of PVP at
1680 cm™! (and vinyl acetate in the case of PVP/VA at 1745
cm'; and 3) the hydrogen bonding between polymer and indo-
methacin at 1726 cm ™!, as described in great detail earlier (15).
The patterns observed with PYP90 are in excellent agreement
with our earlier study using this polymer and, as observed
earlier also, no changes in spectra for indomethacin are observed
when amorphous indomethacin and polymers are physically
mixed, rather than being formed as coprecipitates {15},

Up to the 5%w/w polymer level, in all cases, we could
detect no significant changes in spectra relative to that of pure
amorphous indomethacin. However, above this composition the
absorbance at 1710 cm™!, assigned to the asymmetric stretch
of the carboxylic acid in a dimer structure, significantly
decreases in intensity until somewhere between 20%w/w and
30%w/w polymer it reaches a minirnum valee. At this point
absorbance at 1726 cm ™", attributed to the hydrogen bonding
between the indomethacin carboxyl and the PVP carbonyt group
(§5), becomes significant. It is important to note that such
changes are essentially the same for all PVP samples and PVP/
VA. The PVP free carbonyl dominates the spectra as the concen-
tration of polymer increases beyond 30%w/w, as does the vinyl
acetate peak at 1745 cm™' for PVP/VA,

Enthalpy Relaxation Studies

To gain some measure of the effects of low polymer con-
centration on the molecular mobility of indomethacin when
formed as molecular dispersions, structural relaxation for the
5%wiw and 30%wiw polymer systems below Tg was assessed
by comparison of the rates of enthalpy change required 1o
approach a supercooled liquid from the glassy state (18,19,25).
In previous studies with pure indomethacin, PVP90, and
sucrose, this approach was used to estimate the relaxation time
(7) as a function of temperature below Tg (18). Recent studies
with sucrose-potymer molecular dispersions showed effects of
polymers on molecular mobility, relative to sucrose alone, but
no effects in physical mixtures (19).

The dispersions containing S%w/w polymer were selected
for evaluation, since the Tg values were essentially the same
for ali polymers used and for pure amorphous indomethacin.
The dispersions containing 30%w/w polymer were also selected
to evaluate the effect of the polymer concentration on the molec-
vlar mobility of indomethacin, since hydrogen bonding associ-
ated with carboxylic acid dimers was completely eliminated at
this polymer level as indicated above and because all systems
exhibited a higher Tg than that of indomethacin alone. Samples
stored for 16 hours at 16.5°C below Tg showed no crystalliza-
tion, but did exhibit a distinctly increasing enthalpy relaxation
with time, reflecting greater structural relaxation of the glass
towards the equilibrium supercooled liquid state.

-5 AUG 2010
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Fig. 1. Tg values of molecular dispersions of indomethacin with {a) PVPI0, (b) PVP30, (¢} PVP17, (d) PVPI12, and (e)
PVPNA as a function of composition. The symbols represent the measured onset Tg values at a heating rate of 10°C

min™
of the Couchman-Karasz equation. (eg.1, 2, 3 in text).

To compare the relative effects of the different molecular
weighis of PVP and of PVP/VA on the mobility of the disper-
sions, the extent of relaxation of the dispersions was calculated
with respect {0 the total enthalpy change that was required for
the glass to relax to a supercooled liquid. First the maximum
enthalpy recovery for the dispersions {(AH.) was calculated
from the following Eq. 4 (26), where AH. is assumed to be
constant from the storage temperature to Tg.

!. The solid lines represent the prediction of the Gordon-Taylor equation, and the dotted lines represent the predlcuon

Ho = (Tg — T) - ACp 4

where Tg is the glass transition temperature, T is the experiment
temperature, and ACp is the change in heal capacity at
Tg. Equation 4 for estimating AH. was validated using the
5%w/w dispersions and measuring AH afier an extensive period
of storage, i.e., 2,880 hours at 16.5°C below Tg. Values of AH
after 2880 hours ranging from 7.2 to 7.4 }/g were obtained for
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Table IL. Glass Transition Temperature, Tg. for Molecular Dispersions
of Indomethacin Containing 5%w/w and 30%w/w Polymers

5%wiw 0% wiw
Polymer dispersion("C) dispersion{°C)
PVPI0 47 [
PVP30 47 68
PVPI7 46 66
PVPI2 46 59
PVYPIVA 46 57

Nate: The Tg for pure indomethacin is 42°C.

all PVP and PVP/VA samples, while the AH.. values estimated
from eq. 4 for these samples ranged from 7.1 10 7.6 Jg.

From this maximum enthalpy recovery a measure of the
extent to which a material relaxes, ¢(t), under any given time
(t} was calculated using equation 5 (25)

ety = 1 — (AH/AH.), (5)

the greater value of (i), the less the extent of relaxation..
To estimate the overall average relaxation time, T, we use
the KWW equation (18,25,28).

@) = exp (—(U1#) ®

where 7 15 the mean relaxation constant and B is a refaxation
time distribution parameter with an expected value of between
O and I. Typical relaxation processes in disordered systems are
non-exponential, thus B generally is less than one. An ilerative

(a) (b)

Absorbance

[ V- L I B A J [N L
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non-finear regression analysis procedure based on the Marquart-
Levenberg atgorithm was used to find the best fit to the data.
The initial parameters provided were « = 100s and B = 0.5
for all samples. Figure 3 shows the extent of relaxation of the
dispersions containing 5%w/w and 30%w/w polymer, respec-
tively, in terms of (1) versus time. Here we may note that
whereas indomethacin alone exhibits a value of ¢{t) after 16
hours of about 0.3, 5% and 30% polymer compositions produce
significantly less change. In the case of the 5% samples, the
value is in the range of 0.4 to 0.5; while at the 30% level, the
changes with molecular weight of PVP. for cxample, range
from 0.5 o 0.8. Thus, at least with the higher molecular weight
PVP samples. at 30% polymer where Tg is higher, there is a
significant reduction in the extent of relaxation (higher @(T))
relative Lo lower molecular weight samples; much less differ-
ences are noted with the 5% samples where Tg values are
rclatively unchanged. Values of 1 and B are listed in Table [Il
where we can see that at the S%w/w polymer level each sample
produces roughly double the average relaxation time, 7, of
tndomethacin alone, with no significant differences in B, reflec-
tive of the distribution of relaxation times. However, there do
not appear to be any systematic differences between the various
molecular weight grades of PVP or PVPIVA. At the 30% w/
w polymer level the values of T appear to be consistently larger
than those of the corresponding 5% polymer mixiures, while
the B terms again, are relatively unchanged. Given the larger
standard deviations for T at the 30% level, it is difficult to
determine whether 7 values for the various pelymer samples
are significantly different.

(<)

P ty M +
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Wave number {1/cm)
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1750 1700 1650 1600
Wave number (1/cm}

) L
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Fig. 2. IR spectra of the carbonyl streiching region of molecular dispersions of indomethacin with (a) PVP90. {b)
PVP12, and (c) PVP/VA. The percentages refer to the amount of PVPS0, PVP12, and PVP/VA, respectively. Vertical
lines depict wave numbers monitored with different systems {see text)
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Fig.3. Proportion of glass that has relaxed with aging time for molecu-
lar dispersions of indomethacin containing (a) 3%w/w polymers, (b}
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PVPI2;((J) PYPIVA; (@} indomethacin alone. The lines represent non
lincar fits 10 the Kohbrausch-Williams-Watta equation {eq. & in text).

Crystallization Studics

Previously. Yoshioka er af. reported that a molecular dis-
persion of 5%w/w PVP90 and indomethacin stored ar 30°C
exhibited no crystallization after 20 days of storage (14). In
this study ail samples evaluated for possible crystallization were

Table ITL. The Parameters of the Koblvausch- Williams-Watts Equation
Calculated by Nonlincar Regression Agnalysis for Molecular Disper-
sions of Indomethacin Containing 5%w/w and 30%w/w Polymer

5%w/w dispersion 30%w/w dispersion

Polymer T (days) B 7 (days} B

PVP90O 179 +43 052009 625210 073 =014
PYP30 188 32 0359006 606169 056007
PVPI7 139 £22 0535007 34171 0.59 = 0.07
PVPI2 21335 051 006 415152 052010
PVP/VA 143 33 045+ 007 288 + (00 052010

Note: The 7 and [ values for pure indomethacin are 8.1 = 1.7 days,
048 * 0.08, respectively,
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stored for 20 weeks (140 days) at 30°C to allow more time for
any crystallization. Such studics were carried out with pure
amorphous indomethacin, the physical mixture and the molecu-
lar dispersion. Figure 4 shows the results for pure indomethacin
and the 5%w/w PVP90 mixture, as representative of all results
at the 5%w/w polymer level. Whereas pure indomethacin and
the physical mixture are completely crystallized to the y poly-
morphic form within 14 days, the molecular dispersion remains
uncrystalfized for the entire 20-week period. This is also true
for the other S%w/w molecular dispersions, Thus, over this
time period all polymer samples al a 5%w/w level are equally
effective inhibitors of crystallization.

CONCLUSIONS

From the results of the crystallization studies reported
abave, we can reach two fundamental conclusions. First, thesc
studies reveal that molecular dispersions of PVP and PVP/VA,
made with indomethacin by coprecipitation, are all capable of
inhibiting crystailization at 30°C over a period of at least 20
weeks, at levels of polymer as low as 5%w/w, whereas indo-
methacin alone and in 5%w/w physical mixtures, exhibits com-
plete crystallization within 14 days. A second important
observation is that up to 20 weeks storage at 30°C there appear
to be no differences in the ability of PVP, ranging in molecular
weight from about 10" to 10® gmole ™' and in Tg values from
99°C to 172°C, 1o inhibit crystallization at a 5%w/w polymer
level, Also, there appears to be no difference when about 40%
of the vinylpymrolidone monomers arc replaced by viny! acetate
groups, as in PYP/VA. Thus, a minimum nuember of monomer
units available to the indomethacin molecule appears to be a
critical factor, as opposed to some property more reflective of
molecular size of the polymer chain. or as in the case of PVF/
VA, any differences in the hydrogen bonding capability of the
vinyl pyrrolidone versus viny! acetate carbony) groups {24).

Since the Tg values of all dispersions at the 5% w/w poly-
mer level are essentially the same as that of indomethacin alone,
any antiplasticizing effects of polymers at the 5% level, based
directly on mobility associated with the glass transition tempera-
wre, would not appeat to be signiticant. From the eathalpy
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Fig. 4. Isothermal crystallization of amorphous indomethacin stored
At 30°C as 2 function of time. Key(A} Molecufar dispersion containing
S5%wiw PYP90; () Physical mixture with 5%w/w PVP90; (@) Inda-
methacin alone.



1728

relaxation data in Table 111, we can see that the 5%w/w polymer
samples produce relaxation times, T, at about 30°C (Tg —
T = 16.5°C) that are somewhat longer than that for the pure
indomethacin, However, we believe that they may not be long
enough to totally account for the extensive increase in stability
of indomethacin with this level of polymer.

The most compelling evidence for identifying possible
factors giving rise to such efficient inhibition of crystallization
would appear to come from the FYIR studies shown in Fig. 2.
Here, with all polymer samples, we see a distinct loss of the peak
associated with the carboxylic acid dimerization of amorphous
indomethacin over the range of 5-30%w/w polymer, and the
development of a new peak related o the formation of the
polymer-indomethacin hydrogen bond (15). This ability to
inhibit dimerization would seem to be important since such
dimerization is required in the formation of the -y crystal nucleus,
as shown from its crystal structure (29). 1t is interesting to note
in this regard that the dimer peak is completely eliminated by
all potymer samples, presumably due to indomethacin-polymer
hydrogen bonding, in the range of 20-30%w/w, where we
have shown previously that the molar ratio of indomethacin to
monomer unit of the polymer is close to 1:1, or close to enough
monomer units, if accessible, to interact with most of the indo-
methacin molecules present (15). Since changes in IR specira
at very low levels of polymer, = 5% could not be detected in
these systems, it will be important to probe these very dilute
systems with more sensitive techniques to ascertain more defi-
nitely whether or not such hydrogen bonding at these low
polymer levels actually is the critical factor in the inhibition
of indomethacin crystallization.
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{(Nos. 3956 and 3959)
NEW

KALETRA™
(lopinavir/ritonavir) capsules
(lopinavirfritonavir) oral solution

Ry only

DESCRIPTION

KALETRA (lopinavir/ritonavir) is a co-formulation of lopinavir and ritonavir. Lopinavir
is an inhibitor of the HIV protease. As co-formulated in KALETRA, ritonavir inhibits
the CYP3A-mediated metabolism of lopinavir, thereby providing increased plasma levels
of lopinavir.

Lopinavir is chemically designated as [1S-[1R*,(R*), 3R*, 4R*]]-N-[4-[[(2,6-
dimethylphenoxy)acetyl]lamino]-3-hydroxy-5-phenyl- | -(phenylmethyl)pentyl]tetrahydro-
alpha-(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetamide. Its molecular formula is
C37H4sN4Os, and its molecular weight is 628.80, Lopinavir has the following structural

i B
Tyt

HsC
Ritonavir is chemically designated as 10-Hydroxy-2-methyl-5-(1-methylethyl)-1- [2-
{1-methylethy!)-4-thiazolyl]-3,6-dioxo-8,1 1-bis(phenylmethyl)-2,4,7,12-tetraazatridecan-
13-oic acid, 5-thiazolylmethy! ester, [SS-(5R*,8R*,10R*,1 1R*)]. Its molecular formula
is C37H:pNgOsS,, and its molecular weight is 720.95. Ritonavir has the following

structural formulia:
0 ’ 7 o
N M
S/Y\NJ-LN \'/\I/\NJJ\O/Y/\N
. | H z H _//

N CHy o /S OH 3
HsC
CHa
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Lopinavir is a white to light tan powder. It is freety soluble in methanol and ethanol,
soluble in isopropanol and practically insoluble in water.

KALETRA capsules are available for oral administration in a strength of 133.3 mg
lopinavir and 33.3 mg ritonavir with the following inactive ingredients: FD&C Yellow
No. 6, gelatin, glycerin, oleic acid, polyoxyl 35 castor oil, propylene glycol, sorbitol
special, titanium dioxide, and water.

KALETRA oral solution is available for oral administration as 80 mg lopinavir and
20 mg ritonavir per milliliter with the following inactive ingredients: Acesulfame
potassium, alcohol, artificial cotton candy flavor, citric acid, glycerin, high fructose corn
syrup, Magnasweet-110 flavor, menthol, natural & artificial vanilla flavor, peppermint
oil, polyoxyl 40 hydrogenated castor oil, povidone, propylene glycol, saccharin sodium,
sodium chioride, sodium citrate, and water.

KALETRA oral solution contains 42.4% alcohol (v/v).

CLINICAL PHARMACOLOGY

Microbiology

Mechanism of action: Lopinavir, an inhibitor of the HIV protease, prevents cleavage of
the Gag-Pol polyprotein. resulting in the production of immature, non-infectious viral
particles.

Antiviral activity in vitro: The in vitro antiviral activity of lopinavir against laboratory
HIV strains and clinical HIV isolates was evaluated in acutely infected lymphoblastic ceil
lines and peripheral blood lymphocytes, respectively. In the absence of human serum, the
mean 50% effective concentration (ECsp) of lopinavir against five different HIV-1
laboratory strains ranged from 10-27 nM (0.006 — 0.017 pug/mL, | pg/mL = 1.6 uM) and
ranged from 4-11 nM (0.003 — 0.007 ug/mL) against several HIV-1 clinical isolates
(n=6). In the presence of 50% human serum, the mean ECsq of lopinavir against these
five laboratory strains ranged from 65 — 289 nM (0.04 — 0.18 pg/mL), representing a 7- to
11-fold attenuation. Combination drug activity studies with lopinavir and other protease
inhibitors or reverse transcriptase inhibitors have not been completed.

Resistance: HIV-1 isolates with reduced susceptibility to lopinavir have been selected
in vitro. The presence of ritonavir does not appear to influence the seiection of lopinavir-
resistant viruses i vifro.

The selection of resistance to KALETRA in antiretroviral treatment naive patients has
not yet been characterized. In Phase 11 studies of 227 antiretroviral treatment naive and
protease inhibitor experienced patients, isolates from 4 of 23 patients with quantifiable
(>400 copies/mL) viral RNA following treatment with KALETRA for 12 to 100 weeks
displayed significantly reduced susceptibility to {opinavir compared to the corresponding
baseline viral isolates. Three of these patients had previously received treatment with a
single protease inhibitor (nelfinavir, indinavir, or saquinavir) and one patient had
received treatment with multiple protease inhibitors (indinavir, saquinavir and ritonavir).
All four of these patients had at least 4 mutations associated with protease inhibitor
resistance immediately prior to KALETRA therapy. Following viral rebound, isolates
from these patients all contained additional mutations, some of which are recognized to
be associated with protease inhibitor resistance. However, there are insufficient data at
this time to identify lopinavir-associated mutational patterns in isolates from patients on
KALETRA therapy. The assessment of these mutational patterns is under study.
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Cross-resistance - Preclinical Studies: Varying degrees of cross-resistance have
been observed among protease inhibitors. Little information is available on the cross-
resistance of viruses that developed decreased susceptibility to lopinavir during
KALETRA therapy.

The in vifro activity of lopinavir against clinical isolates from patients previously
treated with a single protease inhibitor was determined. Isolates that displayed >4-fold
reduced susceptibility to nelfinavir (n=13) and saquinavir (n=4), displayed <4-fold
reduced susceptibility to lopinavir. Isolates with >4-fold reduced susceptibility to
indinavir (n=16) and ritonavir (n=3) displayed a mean of 5.7- and 8.3-fold reduced
susceptibility to lopinavir, respectively. Isolates from patients previously treated with two
or more protease inhibitors showed greater reductions in susceptibility to lopinavir, as
described in the following paragraph.

Clinical Studies - Antiviral activity of KALETRA in patients with previous protease
inhibitor therapy. The clinical relevance of reduced in vitro susceptibility to lopinavir
has been examined by assessing the virologic response to KALETRA therapy, with
respect to baseline viral genotype and phenotype, in 56 NNRTI-naive patients with HIV
RNA >1000 copies/mL despite previous therapy with at least two protease inhibitors
selected from nelfinavir, indinavir, saquinavir and ritonavir (Study 957). The ECsg of
lopinavir against the 56 baseline viral isolates ranged from 0.5- to 96-fold higher than the
ECsp against wild type HIV. Fifty-five percent of these baseline isolates displayed a >4-
fold reduced susceptibility to lopinavir with a mean reduction in lopinavir susceptibility
of 27.9-fold.

After 24 weeks of treatment with KALETRA, efavirenz and nucleoside reverse
transcriptase inhibitors, plasma HIV RNA <400 copies/mL was observed in 93% (27/29)
and 65% (15/23) of patients with <10-fold and 210-fold reduced susceptibility to
lopinavir at baseline, respectively.

In addition, virologic response was observed in 96% (24/25) of patients whose
baseline viral isolates contained up to 5 mutations recognized to be associated with
protease inhibitor resistance. Fourteen of those 235 isolates contained mutations at
positions 82, 84 and/or 0. Virologic response was observed in 67% (18/27) of patients
whose baseline viral isolates contained 6 or more mutations, including those at positions
82, 84 and/or 90 plus multiple other mutations. There are insufficient data at this time to
identify lopinavir-associated mutational patterns in isolates from patients on KALETRA
therapy. Further studies are needed to assess the association between specific mutational
patterns and virologic response rates.

Pharmacokinetics

The pharmacokinetic properties of lopinavir co-administered with ritonavir have been
evaluated in healthy adult volunteers and in HIV-infected patients; no substantial
differences were observed between the two groups. Lopinavir is essentially completely
metabolized by CYP3A. Ritonavir inhibits the metabolism of lopinavir, thereby
increasing the plasma levels of lopinavir. Across studies, administration of KALETRA
400/100 mg BID yields mean steady-state lopinavir plasma concentrations 15- to 20-fold
higher than those of ritonavir in HIV-infected patients. The plasma levels of ritonavir are
less than 7% of those obtained after the ritonavir dose of 600 mg BID. The in vitro
antiviral ECsq of lopinavir is approximately 10-fold lower than that of ritonavir.
Therefore, the antiviral activity of KALETRA is due to lopinavir.
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Figure ldisplays the mean steady-state plasma concentrations of lopinavir and
ritonavir after KALETRA 400/100 mg BID for 3-4 weeks from a pharmacokinetic study
in HiV-infected adult subjects (n=21).

Figure 1
Mean Steady-State Plasma Concentrations with 95% Confidence Intervals (CI) for
HIV-Infected Adult Subjects (N =21)

12 —&— Lopinavir
—&— Ritenavir
------- 95% Ct
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Absorption: In a pharmacokinetic study in HIV-positive subjects (n=21) without meal
restrictions, muitipte dosing with 400/100 mg KALETRA BID for 3 to 4 weeks produced
a mean £ 8D lopinavir peak plasma concentration (Cpay) 0f 9.6 £ 4.4 pig/ml., oceurring
approximately 4 hours after administration. The mean steady-state trough concentration
prior to the morning dose was 5.5 + 4.0 ug/mL. Lopinavir AUC over a 12 hour dosing
interval averaged 82.8 £ 44.5 pgeh/ml.. The absolute bioavailability of lopinavir co-
formulated with ritonavir in humans has not been established. Under nonfasting
conditions (500 kcal, 25% from fat), lopinavir concentrations were similar following
administration of KALETRA co-formulated capsules and liquid. When administered
under fasting conditions, both the mean AUC and C,,, of lopinavir were 22% lower for

the KALETR%} liquid relative to the capsule formulation.
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Effects of Food on Oral Absorption: Administration of a single 400/100 mg dose of
KALETRA capsules with a moderate fat meal (500-682 Kcal, 23 to 25% calories from
fat) was associated with a mean increase of 48 and 23% in lopinavir AUC and Cp,,
respectively, relative to fasting. For KALETRA oral solution, the corresponding
increases in lopinavir AUC and Crax were 80 and 54%, respectively. Relative to fasting,
administration of KALETRA with a high fat meal (872 Kcal, 56% from fat) increased
lopinavir AUC and Cpox by 97 and 43%, respectively, for capsules, and 130 and 56%,
respectively, for oral solution. To enhance biocavailability and minimize pharmacokinetic
variability KALETRA should be taken with food.
Distribution: At steady state, lopinavir is approximately 98-99% bound to plasma
proteins. Lopinavir binds to both alpha-1-acid glycoprotein (AAG) and albumin;
however, it has a higher affinity for AAG. At steady state, lopinavir protein binding
remains constant over the range of observed concentrations after 400/100 mg KALETRA
BID, and is similar between healthy volunteers and HIV-positive patients.
Metabolism: [n vitro experiments with human hepatic microsomes indicate that
lopinavir primarily undergoes oxidative metabolism. Lopinavir is extensively
metabolized by the hepatic cytochrome P450 system, almost exclusively by the CYP3A
isozyme. Ritonavir is a potent CYP3A inhibitor which inhibits the metabolism of
lopinavir, and therefore increases plasma levels of lopinavir. A C-lopinavir study in
humans showed that 89% of the plasma radioactivity after a single 400/100 mg
KALETRA dose was due to parent drug. At least 13 lopinavir oxidative metabolites
have been identified in man. Ritonavir has been shown to induce metabolic enzymes,
resulting in the induction of its own metabolism. Pre-dose lopinavir concentrations
decline with time during multiple dosing, stabilizing after approximately 10 to 16 days.
Elimination: Following a 400/100 mg '*C-lopinavir/ritonavir dose, approximately 10.4 +
2.3% and 82.6 + 2.5% of an administered dose of **C-lopinavir can be accounted for in
urine and feces, respectively, after 8 days. Unchanged lopinavir accounted for
approximately 2.2 and 19.8% of the administered dose in urine and feces, respectively.
After multiple dosing, less than 3% of the lopinavir dose is excreted unchanged in the
urine. The half-life of lopinavir over a 12 hour dosing interval averaged 5-6 hours, and
the apparent oral clearance (CL/F) of lopinavir is 6 to 7 L/h.
Special Populations:
Gender, Race and Age: Lopinavir pharmacokinetics have not been studied in elderly
patients. No gender related pharmacokinetic differences have been observed in adult
patients. No clinically important pharmacokinetic differences due to race have been
identified.
Pediatric Patients: The pharmacokinetics of KALETRA 300/75 mg/m? BID and 230/57.5
mg/m* BID have been studied in a total of 53 pediatric patients, ranging in age from 6
months to 12 years. The 230/57.5 mg/m? BID regimen without nevirapine and the 300/75
mg/m’ BID regimen with nevirapine provided lopinavir plasma concentrations similar to
those obtained in adult patients receiving the 400/100 mg BID regimen (without
nevirapine).

The lopinavir mean steady-state AUC, Cpax, and Cpi, were 72.6 £ 31.1 ugeh/mL,
82+2.9and 3.4 + 2.1 ug/mL., respectively after KALETRA 230/57.5 mg/m” BID
without nevirapine (n=12), and were 85.8 £ 36.9 ugeh/mL, 10.0 £ 3.3 and 3.6 £3.5
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ng/mL, respectively after 300/75 mg/m® BID with nevirapine (n=12). The nevirapine
regimen was 7 mg/kg BID (3 months to 8 years) or 4 mg/kg BID (>8 years).
Renal Insufficiency: Lopinavir pharmacokinetics have not been studied in patients with
renal insufficiency; however, since the renal clearance of lopinavir is negligible, a
decrease in total body clearance is not expected in patients with renal insufficiency.
Hepatic impairment: Lopinavir is principally metabolized and eliminated by the fiver.
Although KALETRA has not been studied in patients with hepatic impairment, lopinavir
concentrations may be increased in these patients (see PRECAUTIONS).
Drug-Drug Interactions: See also CONTRAINDICATIONS, WARNINGS and
PRECAUTIONS: Drug Interactions.

KALETRA is an inhibitor of the P450 isoform CYP3A in vitro. Co-
administration of KALETRA and drugs primarily metabolized by CYP3A may result in
increased plasma concentrations of the other drug, which could increase or prolong its
therapeutic and adverse effects (see CONTRAINDICATIONS).

KALETRA inhibits CYP2D6 in vitro, but to a lesser extent than CYP3A.
Clinically significant drug interactions with drugs metabolized by CYP2D6 are possible
with KALETRA at the recommended dose, but the magnitude is not known. KALETRA
does not inhibit CYP2C9, CYP2C19, CYP2E!L, CYP2B6 or CYP1A2 at clinically
relevant concentrations.

KALETRA has been shown i» vive to induce its own metabolism and to increase
the biotransformation of some drugs metabolized by cytochrome P450 enzymes and by
glucuronidation.

KALETRA is metabolized by CYP3A. Drugs that induce CYP3A activity would
be expected to increase the clearance of lopinavir, resulting in [owered plasma
concentrations of fopinavir. Although not noted with concurrent ketoconazole, co-
administration of KALETRA and other drugs that inhibit CYP3A may increase lopinavir
plasma concentrations.

Drug interaction studies were performed with KALETRA and other drugs likely to
be co-administered and some drugs commonly used as probes for pharmacokinetic
interactions. The effects of co-administration of KALETRA on the AUC, C,,. and Cin
are surmmarized in Table | (effect of other drugs on lopinavir) and Table 2 (effect of
KALETRA on other drugs). The effects of other drugs on ritonavir are not shown since
they generally correlate with those observed with lopinavir (if lopinavir concentrations
are decreased, ritonavir concentrations are decreased) unless otherwise indicated in the
table footnotes. For information regarding clinical recommendations, sce Table 6 in
PRECAUTIONS.
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Tabie 1: Drug Interactions: Pharmacokinetic Parameters for Lopinavir in the
Presence of the Co-administered Drug

(See Precautions, Table 6 for Recommended Alterations in Dose or Regimen)

Co-administered Dosc of Co- Dose of Ratio (with/without co-administered drug) of
Drug admiristered Drug KALETRA Lopinavir Pharmacokinetic Parameters {(90%
{mg) (mg) n CI); No Effect=1.00
Cmax AUC Cmin
Amprenavir]
450 BID, 5d 400/100 BID, 22 d 12 0.89 0.85 0.81
750 BID.5d 10 (0.83, 0.95) (0.81,0.90) (0.74,0.89)
Atorvastatin
200D, 4d 400/100 BID, 14 d 12 0.90 0.90 0.92
(0.78, 1.06) (0.79, 1.02) (0.78, 1.10)
Efavirenz?
600 QHS. 9 d 400/100 BID, 94d 11, 7* 0.97 0.81 0.61
. (0.78.1.22) {0.64, 1.03) (0.38,0.97)
Ketoconazole
200 single dose 400/100 BID, 16 d 12 0.89 0.87 0.75
{0.80, 0.99) (0.75. 1.00) {0.53, 1.00)
Nevirapine
200 QD, 14 days; 400/100 BID, 20d 5, 9% 0.95 0.9 1.02
BID. 6 days (0.73.1.25) | (0.74.132) | (0.68.1.53)
7 mg/kg or 4 mg/kg 300/75 me/m 12, 15* 0.86 0.78 0.43
QD. 2 wk; BID 1 BID. 3 wk (0,64, 1.16) {0.56, 1.0%) (0.25, 0.81)
wk?
Pravastatin
20QD,44d 400/100 BID, 14 d 12 0.98 0.95 0.88
(0.89, 1.08) {0.85,1.05) (0.77.1.02)
Rifabutin
150QD, 10d 400/100 BID, 20d 14 1.08 1.17 1.20
(0.97, 1.19) {1.04,1.3D) (11.96. 1.65)
Rifampin
600 QD, 10d 400/100 BID, 20 d 22 0.45 0.25 0.01
(0.40,051) | (021,029 | (0.01,002)
Ritonavir®
100 BID. 3-4 wk 400/100 B1D, 8§, 21* 1.28 1.46 2.16
3-4 wk (0.94, 1.76) {1.04, 2.06) {1.29,3.62)

All interaction studies conducted in healthy, HIV -negative subjects unless otherwise indicated.
! Composite effect of amprenavir 450 and 750 mg Q12h regimens on lopinavir pharmacokinetics.

* B L 1 29]

The pharmacokinetics of ritonavir are unaffected by concurrent efavirenz.
Study conducted in HIV-positive pedialric subjects ranging in age from 6 months to 12 years.
Study conducted in HIV-positive adult subjects.
Paraltel group design; n for KALETRA + co-administered drug, n for KALETRA alone.
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Table 2: Drug Interactions: Pharmacokinetic Parameters for Co-administered

Drug in the Presence of KALETRA

Co-administered Dose of Co- Dose of Ratio (with/without KALETRA} of Co-
Drug administered Drug (mg) KALETRA adminisiered Drug Pharmacokinetic Parameters
(img) n (90% CI): No Effect=1.00
Crnax l AUC Canin
Amprenavir See text below for discussion of intcraction.
4350 BID, 54 400/100 BiD, 22 d 12
10
750 BIiD, 5 d
Atorvastatin
200D, 44 400/100 BID, 14 d 12 4.67 5.88 2.28
(3.35.6,50) | (469,737 | (1.91,271)
Efavirenz
600 QHS, 9d 400/100 BID. 9 d 11, 12* 0.91 0.84 0.84
(0.72.1.15) (0.62, 1.15) (0.58, 1.20)
Ethinyl Estradiol
BugQb 21d 400/100 BID, 14 d i2 0.39 0.38 0.42
{Ortho Novum™) 0.52, 0.66) (0.54, 0.62) {0.36, 0.49)
Indinavir See text below for discussion of interaction.
6010 single dose 400/100 BID, 1D d 11
Ketoconazole
200 single dose 4007100 BID, 16 d 12 1.13 3.04 N/A
(0.91, 1.40) (2.44,3.79)
Methadone
5 single dose 400/100 BID, 10 d 11 0.55 0.47 N/A
(0.48, 0.64) {0.42,0.53)
Nevirapine
200 QD, 14 d; 400/100 BID. 20 4 5. 6" 1.05 1.08 1.15
BID, 6d (0.72, 1.52) (0,72, 1.64) (0.71, 1.863
Norethindrone
1QD,21d 400/100 BID, 14 d 12 0.84 0.83 0.68
{Orthe Novum®) (0.75,094) | (0.73.094) | (0.54,0.85)
Pravastatin
20QD.4d 400/100 BID. 14 d 12 1.26 1.33 N/A
(0.87. 1.83) (0.91. 1.94)
Rifabutin
300 QD, 10 d; 400/100 BID, 10 d 12 2.12 3.03 4,90
150 QD, 10d (1.89,2.38) (2.79,3.30) {3.18,3.76)
25-)-desacctyl 23.6 47.5 94.9
rifabutin {13.7.25.3) (29.3.51.8) (74.0,, £22)
Rifabutin + 346 5.73 9.53
25-0O-desacetyl (3.07.3.91) (5.08. 6.46) (7.560, 12.01)
rifabutin’
Saquinavir See text below (or discussion of interaction.

800 single dose

400/106 BID, 10 d

11

All interaction studies conducted in healthy, HiV-negative subjects unless otherwise indicated.

! Effect on the dose-normalized sum of rifabutin parent and 25-O-desacctyl rifabutin active metabolite.
* Parallel group design; n for KALETRA + co-administered drug, n for co-administered drug alone.

N/A =not available.
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Effect of KALETRA on other Protease Inhibitors (PIs): The pharmacokinetics of
single-dose indinavir and saquinavir, and multiple-dose amprenavir obtained in healthy
subjects after at least 10 days of KALETRA 400/100 mg BID were compared to
historical data in HIV-infected subjects (refer to Table 2 for information on study design
and doses). Because of the limitations in the study design and the use of comparisons
between healthy and HIV infected subjects, it is not possible to recommend definitive
dosing recommendations. However, based on these comparisons, amprenavir 750 mg
BID and indinavir 600 mg BID, when co-administered with KALETRA 400/100 mg
BID. may produce a similar AUC, lower Cax., and higher Cy,in compared to their
respective established clinical dosing regimens. Saquinavir 800 mg BID, when co-
administered with KALETRA 400/100 mg BID, may produce a similar AUC and higher
Cnin to its respective established clinical dosing regimen (no comparative information
regarding Cpa). The clinical significance of the fower C,,, . and higher C,,;, is unknown.

Appropriate doses of amprenavir, indinavir and saquinavir in combination with
KALETRA with respect to safety and efficacy have not been established (see
PRECAUTIONS - Table 6).

INDICATIONS AND USAGE

KALETRA is indicated in combination with other antiretroviral agents for the treatment
of HIV-infection. This indication is based on analyses of plasma HIV RNA levels and
CD4 cell counts in a controlled study of KALETRA of 24 weeks duration and in smaller
uncontrolled dose-ranging studies of KALETRA of 72 weeks duration. At present, there
are no results from controlled trials evaluating the effect of KALETRA on clinical

progression of HIV.

Description of Clinical Studies
Patients Without Prior Antiretroviral Therapy
Study 863: KALETRA BID + stavudine + lamivudine compared to nelfinavir TID +
stavudine + lamivudine
Study 863 is an ongoing, randomized, double-blind, multicenter trial comparing
treatment with KALETRA (400/100 mg BID) plus stavudine and lamivudine versus
nelfinavir (750 mg TID) plus stavudine and lamivudine in 653 antiretroviral treatment
naive patients. Patients had a mean age of 38 years (range: 19 to 84), 57% were
Caucasian. and 80% were male. Mean baseline CD4 cell count was 259 cells/mm’
(range: 2 to 949 cells/mm’} and mean baseline plasma HIV-1 RNA was 4.9 logig
copies/mL (range: 2.6 to 6.8 logo copies/mL).

The percent of patients with HIV RNA <400 copies/mL and outcomes of patients
through 24 weeks are summarized in Figure 2 and Table 3, respectively.
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Figure 2: Virologic Response Through 24 Weeks (Study 863)
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Table 3: Qutcomes of Randomized Treatment Through Wecek 24 - (Study 863)
KALETRA NELFINAVIR
Outcome {400/100mg BID) (730mg TID)
+ddT +3TC + 4T +3TC
N=326 N=317
HIV RNA <400 copies/mL 79% 70%
HIV RNA >400 copies/mL 8% 16%
Discontinued due to KALETRA or nelfinavir adverse
event* 2% 2%
Discontinued due to other adverse event* 2% 1%
Other** 8% 7%
Missing HIV RNA Level 2% 2%

*lucludes laboratory abnormalities leading to discontinuation
**| ost to follow up, noncompliance, or consent withdrawn

In the KALETRA arm, the proportion <400 copies/mL for patients with baseline HIV
RNA >100,000 copies/mL (78%) was similar to that for patients with baseline HIV RNA
<100,000 copies/mL (81%).

Through 24 weeks of therapy, the proportion of patients with HIV RNA <50
copies/mL was 65% in the KALETRA arm and 60% in the nelfinavir arm.

Through 24 weeks of therapy, the mean increase from baseline in CD4 cell count
was 154 cells/mm? for the KALETRA arm and 150 cells/mm? for the nelfinavir arm.

Four patients in the KALETRA arm and 6 patients in the nelfinavir arm
experienced a new CDC Class C event following at least one week of treatment,
including 3 patients in each arm who achieved HIV RNA <400 copies/mL at 24 weeks,
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Study 720: KALETRA BID + stavudine + lamivudine
Study 720 is an ongoing, randomized, blinded, multicenter trial evaluating treatment with
KALETRA at three dose levels (Group I: 200/100 mg BID and 400/100 mg BID; Group
1I: 400/100 mg BID and 400/200 mg BID) plus lamivudine (150 mg BID) and stavudine
(40 mg BID) in 100 patients. All patients were converted to open-label KALETRA at the
400/100 mg BID dose between weeks 48 and 72 of the study. Patients had a mean age of
35 years (range: 21 to 59), 70% were Caucasian, and 96% were male. Mean baseline
CD4 cell count was 338 cells/mm’ (range: 3 to 918 cells/mm”) and mean baseline plasma
HIV-1 RNA was 4.9 log o copies/mL (range: 3.3 to 6.3 log¢ copies/mL).

Through 72 weeks of treatment, the proportion of patients with HIV RNA < 400
(<50) copies/mL was 80% (78%) and the mean increase from baseline in CD4 cell count
was 256 cells/mm?’ for the 51 patients originally randomized to the 400/100 mg dose of
KALETRA. At 72 weeks, 13 patients (13%) had discontinued the study for any reason.
Four discontinuations (4%) were secondary to adverse events or laboratory abnormalities,
and one of these discontinuations (1%) was attributed to a KALETRA adverse event.

Patients with Prior Antiretroviral Therapy
Study 765: KALETRA BID + nevirapine + NRTIs
Study 765 is an ongoing, randomized, blinded, multicenter trial evaluating treatment with
KALETRA at two dose {evels (400/100 mg BID and 400/200 mg BID) plus nevirapine
(200 mg BID) and two NRTIs in 70 single protease inhibitor experienced, non-nucleoside
reverse transcriptase inhibitor (NNRTI) naive patients. Patients had a mean age of 40
vears (range 22-66), were 73% Caucasian, and were 90% male. Mean baseline CD4 cell
count was 372 cells/mm’ (range 72 to 807 cells/pL) and mean baseline plasma HIV-1
RNA was 4.0 log); copies/mL (range 2.9 to 5.8 loge copies/mL).

Through 72 weeks of treatment, the proportion of patients with HIV RNA
<400 (<50) copies/mL was 75% (58%) and the mean increase from baseline in CD4 cell
count was 174 cells/fmm?® for the 36 patients receiving the 400/100 mg dose of
KALETRA. At 72 weeks, 13 patients (19%) had discontinued the study for any reason.
Six discontinuations (9%) were secondary to adverse events or laboratory abnormalities,
and three of these discontinuations (4%) were attributed to KALETRA adverse events.

CONTRAINDICATIONS
KALETRA is contraindicated in patients with known hypersensitivity to any of its
ingredients, including ritonavir.

Co-administration of KALETRA is contraindicated with drugs that are highly
dependent on CYP3A or CYP2D6 for clearance and for which elevated plasma
concentrations are associated with serious and/or life-threatening events. These drugs are
listed in Table 4.
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Table 4: Drugs That Are Contraindicated With KALETRA

Drug Class Drugs Within Class That Are Contraindicated With
KALETRA

Antiarrhythmics Fiecainide, Propafenone

Antihistamines Astemizole, Terfenadine

Ergot Derivatives Dihvdroergotamineg, Ergonovine, Ergotamine,
Methylergonovine

GI motility agent Cisapride

Neuroleptic Pimozide

| Sedative/hypnotics Midazolam, Triazolam

WARNINGS

ALERT: Find out about drugs that should not be taken with KALETRA. This
statement is included on the product’s bottle label.

Drug Interactions

KALETRA is an inhibitor of the P45 isoform CYP3A. Co-administration of
KALETRA and drugs primarily metabolized by CYP3A or CYP2D6 may result in
increased plasma concentrations of the other drug that could increase or prolong its
therapeutic and adverse effects (see Pharmacokinetics: Drug-Drug Interactions,
CONTRAINDICATIONS ~ Table 4: Drugs That Are Contraindicated With
KALETRA, PRECAUTIONS - Table 5: Drugs That Should Not Be Co-
administered With KALETRA and Table 6: Established and Other Potentially
Significant Drug Interactions).

Particular caution should be used when prescribing sildenafil in patients receiving
KALETRA. Co-administration of KALETRA with sildenafil is expected to substantially
increase sildenafil concentrations and may result in an increase in sildenafil-associated
adverse events including hypotension, syncope, visual changes and prolonged erection
(see PRECAUTIONS: Drug Interactions and the complete prescribing information for
sildenafil.)

Concomitant use of KALETRA with lovastatin or simvastatin is not
recommended. Caution should be exercised if HIV protease inhibitors, including
KALETRA, are used concurrently with other HMG-CoA reductase inhibitors that are
also metabolized by the CYP3A4 pathway (e.g.. atorvastatin or cerivastatin). The risk of
myopathy, including rhabdomyolysis may be increased when HIV protease inhibitors,
including KALETRA, are used in combination with these drugs.

Concomitant use of KALETRA and St. John's wort (hypericum perforatum), or
products containing St. John’s wort, is not recommended. Co-administration of protease
inhibitors, including KALETRA, with St. Johns wort is expected to substantially
decrease protease inhibitor concentrations and may result in sub-optimat levels of
lopinavir and lead to loss of virologic response and possible resistance to lopinavir or to
the class of protease inhibitors.

Pancreatitis

Pancreatitis has been observed in patients receiving KALETRA therapy, including those
who developed marked triglyceride elevations. In some cases, fatalities have been
observed. Although a causal refationship to KALETRA has not been established, marked
triglyceride elevations is a risk factor for development of pancreatitis (see
PRECAUTIONS - Lipid Elevations). Patients with advanced HIV disease may be at

-
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increased risk of elevated triglycerides and pancreatitis, and patients with a history of
pancreatitis may be at increased risk for recurrence during KALETRA therapy.
Pancreatitis should be considered if clinical symptoms (nausea, vomiting,
abdominal pain) or abnormalities in laboratory values (such as increased serum
lipase or amylase values) suggestive of pancreatitis should occur. Patients who
exhibit these signs or symptoms should be evaluated and KALETRA and/or other
antiretroviral therapy should be suspended as clinically appropriate,
Diabetes Mellitus/Hyperglycemia
New onset diabetes mellitus, exacerbation of pre-existing diabetes mellitus, and
hyperglycemia have been reported during postmarketing surveillance in HIV-infected
patients receiving protease inhibitor therapy. Some patients required either initiation or
dose adjustments of insulin or oral hypoglycemic agents for treatment of these events. In
some cases, diabetic ketoacidosis has occurred. In those patients who discontinued
protease inhibitor therapy, hyperglycemia persisted in some cases. Because these events
have been reported voluntarily during clinical practice, estimates of frequency cannot be
made and a causal relationship between protease inhibitor therapy and these events has
not been established.

PRECAUTIONS

Hepatic Impairment and Toxicity

- KALETRA is principally metabolized by the liver; therefore, caution should be exercised
when administering this drug to patients with hepatic impairment, because lopmavir
concentrations may be increased. Patients with underlying hepatitis B or C or marked
elevations in transaminases prior to treatment may be at increased risk for developing
further transaminase elevations.

Resistance/Cross-resistance

Various degrees of cross-resistance among protease inhibitors have been observed. The
effect of KALETRA therapy on the efficacy of subsequently administered protease
inhibitors is under investigation (see MICROBIOLOGY).

Hemophilia

There have been reports of increased bleeding, including spontaneous skin hematomas
and hemarthrosis, in patients with hemophilia type A and B treated with protease
inhibitors. In some patients additional factor VIII was given. In more than half of the
reported cases, treatment with protease inhibitors was continued or reintroduced. A
causal relationship between protease inhibitor therapy and these events has not been
established.

Fat Redistribution

Redistribution/accumulation of body fat including central obesity, dorsocervical fat
enlargement (buffalo hump), peripheral wasting, breast enlargement, and “cushingoid
appearance” have been observed in patients receiving antiretroviral therapy. The .
mechanism and long-term consequences of these events are currently unknown. A causal
relationship has not been established.

Lipid Elevations

Treatment with KALETRA has resulted in large increases in the concentration of total
cholesterol and triglycerides (see ADVERSE REACTIONS — Table 8). Triglyceride and
cholesterol testing should be performed prior to initiating KALETRA therapy and at
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periodic intervals during therapy. Lipid disorders should be managed as clinically
appropriate. See PRECAUTIONS Table 6: Established and Other Potentially
Significant Drug Interactions for additional information on potential drug interactions
with KALETRA and HMG-CoA reductase inhibitors.
Information for Patients
A statement to patients and health care providers is included on the product’s bottle label:
“ALERT: Find out about drugs that should NOT be taken with KALETRA.” A
Patient Package Insert (PPI) for KALETRA is available for patient information.

Patients should be told that sustained decreases in plasma HIV RNA have been
assaciated with a reduced risk of progression to AIDS and death. Patients should remain
under the care of a physician while using KALETRA. Patients should be advised to take
KALETRA and other concomitant antiretroviral therapy every day as prescribed.
KALETRA must always be used in combination with other antiretroviral drugs. Patients
should not alter the dose or discontinue therapy without consulting with their doctor. If a
dose of KALETRA is missed patients should take the dose as soon as possible and then
return to their normal schedule. However, if a dose is skipped the patient should not
double the next dose.

Patients should be informed that KALETRA is not a cure for HIV infection and
that they may continue to develop opportunistic infections and other complications
associated with HIV disease. The long-term effects of KALETRA are unknown at this
time. Patients should be told that there are currently no data demonstrating that therapy
with KALETRA can reduce the risk of transmitting HIV to others through sexual contact.

KALETRA may interact with some drugs; therefore, patients should be advised to
report to their doctor the use of any other prescription, non-prescription medication or
herbal products, particularly St. John’s wort.

Patients taking didanosine should take didanosine one hour before or two hours
after KALETRA. :

Patients receiving sildenafil should be advised that they may be at an increased
risk of sildenafil-associated adverse events including hypotension, visual changes, and
sustained erection, and should promptly report any symptoms to their doctor.

Patients receiving estrogen-based hormonal contraceptives should be instructed
that additional or alternate contraceptive measures should be used during therapy with
KALETRA.

KALETRA should be taken with food to enhance absorption.

Patients should be informed that redistribution or accumulation of body fat may
occur in patients receiving antiretroviral therapy including protease inhibitors and that the
cause and fong-term health effects of these conditions are not known at this time.

Drug Interactions

KALETRA is an inhibitor of CYP3A (cytochrome P450 3A) both in vitro and in vivo.
Co-administration of KALETRA and drugs primarily metabolized by CYP3A (e.g..
dihydropyridine calcium channel blockers, HMG-CoA reductase inhibitors,
immunosuppressants and sildenafil) may result in increased plasma concentrations of the
other drugs that could increase or prolong their therapeutic and adverse effects (see Table
6: Established and Other Potentially Significant Drug Interactions). Agents that are
extensively metabolized by CYP3A and have high first pass metabolism appear to be the



September 15, 2000
DN0621V8 CR20-03512
Page 15 of 30

most susceptible to large increases in AUC (>3-fold) when co-administered with

KALETRA.

KALETRA inhibits CYP2D6 in vitro, but to a lesser extent than CYP3A.
Clinically significant drug interactions with drugs metabolized by CYP2D6 are possible
with KALETRA at the recommended dose, but the magnitude is not known. KALETRA
does not inhibit CYP2C9, CYP2C19, CYP2EI, CYP2B6 or CYP1AZ2 at clinically

relevant concentrations.

KALETRA has been shown in vive to induce its own metabolism and to increase
the biotransformation of some drugs metabolized by cytochrome P450 enzymes and by

glucuronidation.

KALETRA is metabolized by CYP3A. Co-administration of KALETRA and
drugs that induce CYP3A may decrease lopinavir plasma concentrations and reduce its
therapeutic effect (see Table 6: Established and Other Potentially Significant Drug
Interactions). Although not noted with concurrent ketoconazole, co-administration of
KALETRA and other drugs that inhibit CYP3A may increase lopinavir plasma

concentrations.

Drugs that are contraindicated and not recommended for co-administration with
KALETRA are included in Table 5: Drugs That Should Not Be Co-administered
With KALETRA. These recommendations are based on either drug interaction studies
or predicted interactions due to the expected magnitude of interaction and potential for
serious events or loss of efficacy. ’

Table S: Drugs That Should Not Be Co-administered With KALETRA

Zlo .

Drug Class: Drug Name

Clinical Comment

Antiarrhythmics:
flecainide, propafenone

CONTRAINDICATED due to potential for serious and/or life threatening
reactions such as cardiac arrhythmias.

Antihistamines:
astemizole, terfenadine

CONTRAINDICATED due to potential for serious and/or life-threatening
reactions such as cardiac arrhythmias.

Antimycobacterial:
rifampin

May lead to loss of virologic response and possible resistance to KALETRA
or to the class of protease inhibitors or other co-administered antiretroviral
agents.

Ergot Derivatives:
dihydroergotamine,
ergonovine, ergotamine,
methylergonovine

CONTRAINDICATED due to potential for serious and/or life-threatening
reactions such as acute ergot toxicity characterized by peripheral vasospasm
and ischemia of the extremities and other tissues.

GI Motility Agent:
cisapride

CONTRAINDICATED due to potential for serious and/or life-threatening
reactions such as cardiac arrhythmias.

Herbat Products:
St. John’s wort (hypericum
perforatum)

May lead to loss of virologic response and possible resistance to KALETRA
or to the class of protease inhibitors.

HMG-CoA Reductase
Inhibitors:
lovastatin, simvastatin

Potential for serious reactions such as risk of myopathy including
rhabdomyolysis.

Neuroleptic:
pimozide

CONTRAINDICATED due to the potential for serious and/or life-
threatening reactions such as cardiac arrhythmias,

Sedative/Hypnotics:
midazolam, triazolam

CONTRAINDICATED due to potential for serious and/or life-threatening
reactions such as prolonged or increased sedation or respiratory depression.
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Table 6: Established and Other Potentially Significant Drug Interactions: Alteration
in Dose or Regimen May Be Recommended Based on Drug Interaction Studies or

Predicted Interaction

_(Se¢ CLINICAL PHARMACOLOGY for Magnitude of Interaction, Tables 1 and 2)

Concomitant Drug
Class: Drug Name

Effect on
Concentration of
lopinavir or
Concomitant Drug

Clinical Comment

HIV.Antiviral Agents

Non-nucleoside
Reverse
Transcriptase
Inhibitors:
efavirenz*,
nevirapine™®

1 Lopinavir

A dose increase of KALETRA t0 333/133 mg
(4 capsules or 6.5 mL) twice daily taken with
food should be considered when used in
combination with efavirenz or neviraping in
patients where reduced susceptibility to
lopinavir is clinically suspected (by treatment
history or laboratory evidence) (see DOSAGE
AND ADMINISTRATION).

NOTE: Efavirenz and nevirapine induce the
aclivity of CYP3A and thus have the potential
to decrease plasma concentrations of other
pratease inhibitors when used in combination
with KALETRA.

Non-nucleoside
Reverse
Transcriptase
Inhibitor: delavirdine

T Lopinavir

Appropriate doses of the combination with
respect to safety and cfficacy have not been
established.

Nuclegside Reverse
Transcriptase

It is recommended that didanosine be
administered on an empty stomach; therefore,

[nhibitor: didanosine should be given one hour before or

didanosine two hours afier KALETRA (piven with food).

HIV-Protease T Amprenavir (Similar Appropriate doses of the combination with

Inhibitors: AUC, 4 Coze T Coin) respect to safety and efficacy have not been

amprenavir*, T Indinavir (Similar established (see CLINICAL

indinavir®, AUC, L Cromes T Coind PHARMACOLOGQY: Table 2 and Effect of

saquinavir* T Saquinavir (Similar KALETRA on ather Protease Inhibitors (P1s)).
AUC, T Cuin)

HIV-Protease T Lopinavir Appropriate doses of additional ritonavir in

Inhibitor:
ritonavir*

combination with KALETRA with respect to
safety and efficacy have not been established.

Other Agents

Antiarrhythmics:
amiodarone, bepridil,
lidocaine (systemic),
and quinidine

T Antiarrhythmics

Caution is warranted and therapeutic
concentration monitoring is recommended for
antiarrhythmics when co-administered with
KALETRA, tf available.

Anticoagulant:
watfarin

Concentrations of warfarin may be affected. It
is recommended that INR (international
normalized ratio} be monitored.

Anticonvulsants: | Lopinavir Use with caution. KALETRA may be less
carbamazepine, effective due to decreased lopinavir plasma
phenobarbital, concentrations in patients taking these agents
phenytoin concomitantly.

Anti-infective:
clarithromycin

T Clarithromycin

For patients with renal impairment, the
following dosage adjustments should be
considered:
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* For patients with CLcg 30 to 60 mL/min
the dose of clarithromycin should be
reduced by 50%.

»  For pattents with CLcg <30 mL/min the
dose of clarithromycin should be
decreased by 75%.

No dose adjustment for patients with normal

renal function is necessary.

Antifungals: T Ketoconazole High doses of ketoconazote or itracenazole
ketoconazole*, T Itraconazole (>200 mg/day) are not recommended.
itraconazole

Antimycobacterial; T Rifabutin and Dosage reduction of rifabutin by at least 75%
rifabutin* rifabutin metabolite of the usual dose of 300 mg/day is

recommended (i.e., a maximum dose of 150
mg every other day or three times per week).
Increased monitoring for adverse events is
warranted in patients receiving the
combination. Further dosage reduction of
rifabutin may be necessary.

Antiparasitic:

l Atovagquone

Clinical significance is unknown; however,

Agent: sildenafil

atovaquone increase in atovaquone doses may be needed.

Calcium Channel T Dihydropyridine Caution is warranted and clinical monitoring

Blockers, calcium channel of patients is recommended.

Dihydropyridine: blockers

e.g.. felodipine,

nifedipine,

nicardipine

Corticosteroid: { Lopinavir Use with caution. KALETRA may be less

Dexamethasone effective due to decreased lopinavir plasma
concentrations in patients taking these agents
concomitantly.

Disulfiram/metronid- KALETRA oral solution contains alcohol,

azole which can produce disulfiram-like reactions
when co-administered with disulfiram or other
drugs that produce this reaction {e.g.,
metronidazole).

Erectile Dysfunction T Sildenafil Use with caution at reduced doses of 25 mg

every 48 hours with increased monitoring for
adverse events.

HMG-CoA
Reductase Inhibitors:
atorvastatin®,

T Atorvastatin
T Cerivastatin

Use lowest possible dose of atorvastatin or
cerivastatin with careful monitoring, or
consider other HMG-CoA reductase inhibitors

cerivastatin such as pravastatin or fluvastatin in
combination with KALETRA.
Immunosuppresants: T Immunosuppressants Therapeutic concentration monitoring is
cyclosporine, recommended for immunosuppressant agents
tacrolimus, when co-administered with KALETRA,
rapamycin
Narcotic Analgesic: L Methadone Dosage of methadone may need to be
Methadone* increased when co-administered with

KALETRA.

Oral Contraceptive:
ethinyl estradiol*

L

1 Ethinyl estradiol

Alternative or additional contraceptive
measures should be used when estrogen-based
oral contraceptives and KALETRA are co-
administered.
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* See CLINICAL PHARMACOLGY for Magnitude of Interaction, Tables 1 and 2

Other Drugs:
Drug interaction studies reveal no clinically significant interaction between KALETRA
and pravastatin, stavudine or lamivudine.

Based on known metabotic profiles, clinically significant drug interactions are not
expected between KALETRA and fluvastatin, dapsone, trimethoprim/sulfamethoxazole,
azithromycin, erythromycin, or fluconazole.

Zidovudine and Abacavir: KALETRA induces glucuronidation; therefore,
KALETRA has the potential to reduce zidovudine and abacavir plasma concentrations.
The clinical significance of this potential interaction is unknown.

Carcinogenesis, Mutagenesis and Impairment of Fertility
Long-term carcinogenicity studies of KALETRA in animal systems have not been
completed.

Carcinogenicity studies in mice and rats have been carried out on ritonavir. In
male mice, at levels of 50, 100 or 200 mg/kg/day, there was a dose dependent increase in
the incidence of both adenomas and combined adenomas and carcinomas in the liver.
Based on AUC measurements, the exposure at the high dose was approximately 4-fold
for males that of the exposure in humans with the recommended therapeutic dose
{400/100 mg KALETRA BID). There were no carcinogenic effects seen in females at
the dosages tested. The exposure at the high dose was approximately 9-fold for the
females that of the exposure in humans. In rats dosed at levels of 7, 15 or 30 mg/kg/day
there were no carcinogenic effects. In this study, the exposure at the high dose was
approximately 0.7-fold that of the exposure in humans with the 400/100 mg KALETRA
BID regimen. Based on the exposures achieved in the animal studies, the significance of
the observed effects is not known. However, neither lopinavir nor ritonavir was found to
be mutagenic or clastogenic in a battery of in vitro and in vivo assays including the Ames
bacterial reverse mutation assay using S. typhimurium and E. coli, the mouse lymphoma
assay, the mouse micronucleus test and chromosomal aberration assays in human
tymphocytes.

Lopinavir in combination with ritonavir at a 2:1 ratio produced no effects on
fertility in male and female rats at levels of 10/5, 30/15 or 100/50 mg/kg/day. Based on
AUC measurements, the exposures in rats at the high doses were approximately 0.7-fold
for lopinavir and 1.8-fold for ritonavir of the exposures 1n humans at the recommended
therapeutic dose (400/100 mg BID).

Pregnancy

Pregnancy Category C: No treatment-related malformations were observed when
lopinavir in combination with ritonavir was adminisiered 10 pregnant rats or rabbits.
Embryonic and fetal developmental toxicities (early resorption, decreased fetal viability,
decreased fetal body weight, increased incidence of skeletal variations and skeletal
ossification delays) occurred in rats at a maternally toxic dosage (100/50 mg/kg/day).
Based on AUC measurements, the drug expasures in rats at 100/50 mg/kg/day were
approximately 0.7-fold for lopinavir and 1.8-fold for ritonavir for males and females that
of the exposures in humans at the recommended therapeutic dose (400/100 mg BID). In a
peri- and postnatal study in rats, a developmental toxicity {(a decrease in survival in pups
between birth and postnatal day 21) occurred at 40/20 mg/kg/day and greater.

i
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No embryonic and fetal developmental toxicities were observed in rabbits at a
maternally toxic dosage (80/40 mg/kg/day). Based on AUC measurements, the drug
exposures in rabbits at 80/40 mg/kg/day were approximately 0.6-fold for lopinavir and
1.0-fold for ritonavir that of the exposures in humans at the recommended therapeutic
dose (400/100 mg BID). There are, however, no adequate and well-controlled studies in
pregnant women. KALETRA should be used during pregnancy only if the potential
benefit justifies the potential risk to the fetus.

Auntiretroviral Pregrancy Registry: To monitor maternal-fetal outcomes of pregnant
women exposed to KALETRA, an Antiretroviral Pregnancy Registry has been
established. Physicians are encouraged to register patients by calling 1-800-258-4263.
Nursing Mothers: The Centers for Disease Control and Prevention recommend that
HIV-infected mothers not breast-feed their infants to avoid risking postnatal
transmission of HIV. Studies in rats have demonstrated that lopinavir is secreted in
milk. It is not known whether lopinavir is secreted in human milk. Because of both the
potential for HIV transmission and the potential for serious adverse reactions in nursing
infants, mothers should be instructed not to breast-feed if they are receiving
KALETRA.

Geriatric Use

Clinical studies of KALETRA did not include sufficient numbers of subjects aged 65 and
over to determine whether they respond differently from younger subjects. In general,
appropriate cautton should be exercised in the administration and monitoring of
KALETRA in elderly patients reflecting the greater frequency of decreased hepatic,
renal, or cardiac function, and of concomitant disease or other drug therapy.

Pediatric Use

The safety and pharmacokinetic profiles of KALETRA in pediatric patients below the
age of 6 months have not been established. In HIV-infected patients age 6 months to 12
years, the adverse event profile seen during a clinical trial was similar to that for adult
patients. The evaluation of the antiviral activity of KALETRA in pediatric patients in
clinical trials is ongoing.

Study 940 is an ongoing open-label, multicenter tria! evaluating the
pharmacokinetic profile, tolerability, safety and efficacy of KALETRA oral solution
containing lopinavir 80 mg/mL and ritonavir 20 mg/mL in 100 antiretroviral naive (44%)
and experienced (56%}) pediatric patients. All patients were non-nucleoside reverse
transcriptase inhtbitor naive. Patients were randomized to either 230 mg lopinavir/57.5
mg ritonavir per m* or 300 mg lopinavir/75 mg ritonavir per m®. Naive patients also
received lamivudine and stavudine. Experienced patients received nevirapine plus up to
two nucleoside reverse transcriptase inhibitors.

Safety, efficacy and pharmacokinetic profiles of the two dose regimens were
assessed after three weeks of therapy in each patient. After analysis of these data, all
patients were continued on the 300 mg lopinavir/75 mg ritonavir per m® dose. Patients
had a mean age of 5 years (range 6 months to 12 years) with 14% less than 2 years.

Mean baseline CD4 cell count was 838 cells/mm” and mean basetine plasma HIV-1 RNA
was 4.7 log,g copies/mL.

Through 24 weeks of therapy, the proportion of patients with HIV RNA < 400
copies/mL was 82% for antiretroviral naive patients and 66% for antiretroviral
experienced patients. The mean increase from baseline in CD4 cell count was 328
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cells/mm’ for antiretroviral naive and 335 cells/mm’ for antiretroviral experienced
patients treated through 24 weeks. At 24 wecks, one patient (1%) had prematurely
discontinued the study. This discontinuation was secondary to an HIV-related event in an
antiretroviral experienced patient that was not attributed to a KALETRA adverse event.

Dose selection for patients 6 months to 12 years of age was based on the
following results. The 230/57.5 mg/m? BID regimen without nevirapine and the 300/75
mg,/m:2 BID regimen with nevirapine provided lopinavir plasma concentrations similar to
those obtained in adult patients receiving the 400/100 mg BID regimen (without

nevirapine).

ADVERSE REACTIONS

Adults:

Treatment-Emergent Adverse Events: KALETRA has been studied in 612 patients as
combination therapy in Phase I/11 and Phase 111 clinical trials. The most common adverse
event associated with KALETRA therapy was diarrhea, which was generally of mild to
moderate severity. Rates of discontinuation of randomized therapy due to adverse events
were 2.8% in KALETRA and 3.1% in nelfinavir treated patients in Study 863.

Drug related clinical adverse events of moderate or severe intensity in > 2% of
patients treated with combination therapy inciuding KALETRA for up to 24 weeks
(Phase 111} and for up to 72 weeks (Phase I/11) are presented in Table 7. For other
information regarding observed or potentially serious adverse events, please see
WARNINGS and PRECAUTIONS.

Table 7: Percentage of Patients with Treatment-Emergent' Adverse Events of
Moderate or Severe Intensity Reported in > 2% of Adult Patients

Antiretroviral Naive Patients

Protease Inhibitor Experienced Patients

Study 863 (24 Wecks) Study 720 Phase I/I1 and Phase 11}
(72 Weeks}
KALETRA Nelfinavir KALETRA KALETRA
4G0/100 mg TID 750 meg TID BID? BID'
+d4T + 3TC +d4T + 3TC +d4T + 3TC + nevirapine + NRTls
(N=316) (N=327) {N=84) (N=186)

Body as a Whole

Abdominal Pain 31% 2.4% 4.8% 1.4%

Asthenia 3.4% 2.8% 7.1% 5.4%

Headache 2.35% 1.8% 7.1% i.6%

Pain 0.3% 0.0% 2.4% | 6%
Digestive System

Abnermal Stools 0.0% 0.3% 6.0% 1.6%

Diarrhiea 13.8% 14.4% 23.8% 15.1%

Nausea 6.4% 4.0% 15.5% 2.2%

Vomiting 2.1% 2.4% 4.8% 1.6%
Nervous Syslem

Insomma 1.5% 1.2% 24% 11%
Skin and Appendages

Rus]h 0.6% 1.2% 3.6% 20%

Includes adverse events of possible, probable or unknown relationship o study drug,

: Includes adverse event data from dose group 1 (400/i00 mg BID only [N=16})and dose group 1t {400/100 mg BID [N=33]) and
3007200 mg BID [N=36]). Within dosing groups, moderate to severe nausea of probable/possible relationship io KALETRA
dccurred &t a higher rate in the 400/200 mg dose arm compared to the 400/100 mg dose arm in group 11
{n¢ludes adverse cvent data from patients receiving 400/100 mg BID, 400/200 mg BID. and 533/133 mg BID for 16-72 weeks.
All 186 patients received KALETRA in combination with NRTIs and either nevirapine or efavirenz.
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Treatment-emergent adverse events occurring in less than 2% of adult patients receiving
KALETRA in all phase IVII clinical trials and considered at least possibly related or of
unknown relationship to treatment with KALETRA and of at least moderate intensity are
listed below by body system.

Body as a Whole. Back pain, chest pain, chest pain substernal, chills, drug
interaction, drug level increased, face edema, fever, flu syndrome, malaise, and viral
infection.

Cardiovascular System: Deep vein thrombosis, hypertension, palpitation,
thrombophlebitis, and vasculitis.

Digestive System: Anorexia, cholecystitis, constipation, dry mouth, dyspepsia,
dysphagia, enterocolitis, eructation, esophagitis, fecal incontinence, flatulence, gastritis,
gastroenteritis, gastrointestinal disorder, hemorrhagic colitis, increased appetite,
pancreatitis, sialadenitis, stomatitis, and ulcerative stomatitis.

Endocrine System. Cushing’s syndrome and hypothyroidism.

Hemic and Lymphatic System: Anemia, leukopenia, and lymphadenopathy.

Metabolic and Nutritional Disorders: Avitaminosis, dehydration, edema, glucose
tolerance decreased, lactic acidosis, obesity, peripheral edema, and weight loss.

Musculoskeletal System: Arthralgia, arthrosis and myaligia. ‘

Nervous System: Abnormal dreams, agitation, amnesia, anxiety, ataxia, confusion,
depression, dizziness, dyskinesia, emotional lability, encephalopathy, hypertonia, libido
decreased, nervousness, neuropathy, paresthesia, peripheral neuritis, somnolence,
thinking abnormal, and tremor.

Respiratory System: Bronchitis, dyspnea, lung edema, and sinusitis.

Skin and Appendages: Acne, alopecia, dry skin, exfoliative dermatitis,
furunculosis, maculopapular rash, nail disorder, pruritis, skin benign neoplasm, skin
discoloration, and sweating.

Special Senses: Abnormal vision, eye disorder, otitis media, taste perversion, and
tinnitus.

Urogenital System: Abnormal ejaculation, gynecomastia, hypogonadism male,
kidney calculus, and urine abnormality.

Laboratory Abnormalities: The percentages of adult patients treated with combination
therapy including KALETRA with Grade 3-4 laboratory abnermalities are presented in
Table 8.

Table 8: Grade 3-4 Laboratory Abnormalitics Reported in > 2% of Adult Patients

Variable Limit' Antiretroviral Naive Patients Antiretroviral Experienced Patients
Study 863 {24 Weeks) Study 720 (72 Phase /11 and Phase 111
Weeks}
KALETRA Nelfinavir KALETRA KALETRA
400/100 mg BID 750 mg TID BID? BID?
+d4T + 31C +d4T + 3TC +ddT + 3TC + NNRTI+ NRTIs
(N=326) {N=327) (N=34) N=186)
Chemistry High
Glucose >250 mp/dl. 1.6% 0.6% 2.4% 4.4%
Uric Acid >12 mgidl, i.3% 0.3% 3.6% 0.5%
SGOT/AST > 80 L/L 0.3% 22% 9.5% 4.4%
SGPT/ALT >215 U/L 1.0% 2.2% 8.3% 6.6%
GGT >300 U/L N/A N/A 3.6% 24.6%"
Total Cholesterc! >300 mg/dL 6.7% 2.8% 14.3% 25.7%
Triglycerides >750 ma/dL 5.1% 0.9% 10.7% 26.2%
Amylase >2 x ULN 1.9% 1.9% 1.8% 3.3%
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Chemistry Low
Inorganic Phosphorus | <1.5 mg/dL 0.0% 0.0% 0.0% 22%
Hematology Low
Neutrophils 0.75 x 1L 0.6% 1.6% 2.4% 2 7%
T

ULN = upper limit of Lhe normal range, N/A = Not Applicable.
: Includes clinical laboratory data from dose group | (400/100 mg BLD only {N=161) and dose group 11 (400/100 mg B1D {N=35]

and 400/200 mg BID [N=36]).

! Includes clinical laboratory data from patients receiving 400/100 mg B1D. 4007200 mg BID, and 533/133 mg BID for 16-72
weeks. All 186 patients received KALETRA in combination with NRTis and either nevirapine or efavirenz.
! GGT was only measured in 69 patients receiving 400/100 mg BID or 4007200 mg BID in combination with nevirapine.

Pediatrics:

Treatment-Emergent Adverse Events: KALETRA has been studied in 100 pediatric
patients 6 months to 12 years of age. The adverse event profile seen during a clinical trial

was stmilar to that for adult patients.

Rash (2%) was the only drug-related clinical adverse event of moderate or severe
intensity in > 2% of pediatric patients treated with combination therapy including
KALETRA (300/75 mg/m?) for up to 24 weeks (Study 940). This includes adverse events
of at least possible, probable or unknown relationship to study drug.

Laboratory Abnormalities: The percentages of pediatric patients treated with
combination therapy including KALETRA with Grade 3-4 laboratory abnormalities are

presented in Table 9.

Table 9: Grade 3-4 Laboratory Abnormalities Reported in > 2% Pediatric Patients

Variable Limit' KALETRA BID*+ RTIs
(N=100)
Chemistry High
Total bilirubin > 2.9 x ULN 3.0%
SGOT/AST > 180 U/L 7.0%
SGPT/ALT >215 U/ 4.0%
Total cholesterol > 300 mg/dL 2.0%
Amylase > 2.5 xULN 4.0%
Chemistry Low
Sodium <130 mEg/L 3.0%
Hematology Low
Platelet Count <50 x 10°L 4.0%
Neutrophils <0.40 x 10°/L. 2.0%

TULN = upper limit of the normal range.

? Includes clinica laboratory data from the 230/57.5 mg per m* (N=4%)and 300775 mg per m? (N=51) dose arms.

OVERDOSAGE

KALETRA oral solution contains 42.4% alcohol (v/v). Accidental ingestion of the
product by a young child could result in significant alcohol-reiated toxicity and could
approach the potential lethal dose of alcohol.
Human experience of acute overdosage with KALETRA is limited. Treatment of
overdose with KALETRA should consist of general supportive measures including
monitoring of vital signs and observation of the clinical status of the patient. There is no
specific antidote for overdose with KALETRA. If indicated, elimination of unabsorbed
drug should be achieved by emesis or gastric Javage. Administration of activated charcoal
may also be used to aid in removal of unabsorbed drug. Since KALETRA is highly
protein bound, dialysis is unlikely to be beneficial in significant removal of the drug.
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The recommended dosage of KALETRA is 400/100 mg (3 capsules or 5.0 mL) twice

daily taken with food.

Concomitant therapy: Efavirenz or nevirapine: A dose increase of KALETRA to 533/133
mg (4 capsules or 6.5 mL) twice daily taken with food should be considered when used in
combination with efavirenz or nevirapine in treatment experienced patients where
reduced susceptibility to lopinavir is clinically suspected (by treatment history or
laboratory evidence) (see CLINICAL PHARMACOLOGY - Drug Interactions and/or

PRECAUTIONS - Table 6).

Pediatric Patients

In children 6 months to 12 years of age, the recommended dosage of KALETRA oral
solution is 12/3 mg/kg for those 7 to <15 kg and 10/2.5 mg/kg for those 15 to 40 kg
(approximately equivalent to 230/57.5 mg/m2) twice daily taken with food, up to a
maximum dose of 400/100 mg in children >40 kg (5.0 mL or 3 capsules) twice daily.
The following table contains dosing guidelines for KALETRA oral solution based on

body weight.
Weight Dose (mg/kg)* Volume of aral solution BID
(kg) (80 mg Yopinavir/20 mg ritonavir per mL)
Without nevirapine or efavirenz
710 <15kg 12 mg/kg BID
710 10 kg 1.25 mL
>10to <15 kg 1.75 mi.
15t0 40 kg 10 mg/kg BID
151020 ke 2.25mL
>20t025kg 2.5mL
>25t030kg 3.0mL
>30 to 40 kg 3.5mL

>40 kg Adult dose

5 mL (or 3 capsules)

* Dosing based on the lopinavir component of topinavir/ritonavir solution (80 mg/20 mg per mL).
Note: Use adult dosage recommendation for children >12 years of age.

Concomitant therapy: Efavirenz or nevirapine: A dose increase of KALETRA oral
solution to 13/3.25 mg/kg for those 7 to <15 kg and 11/2.75 mg/kg for those 15 to 50 kg
(approximately equivalent to 300/75 mg/m?2) twice daily taken with food, up to a
maximum dose of 533/133 mg in children >50 kg twice daily should be considered when
used in combination with efavirenz or nevirapine in treatment experienced children 6
months to 12 years of age in which reduced susceptibility to lopinavir is clinically
suspected (by treatment history or laboratory evidence). The following table contains
dosing guidelines for KALETRA oral solution based on body weight, when used in
combination with efavirenz or nevirapine in children (see CLINICAL
PHARMACOLOGY - Drug Interactions and/or PRECAUTIONS — Table 6).

Weight Dose (mg/kg)*
(kg)

Volume of oral solution BID
(80 mg lopinavir/20 mg ritensvir per mL)
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With nevirapine or efavirenz
Tto<15kg 13 mg/kg BID

Tio 10 kg 1.5mL

>10to <15 kg 2.0mL
15to 50 kg 11 mg/ke BID

151020 kg 25mL

- >2060 25 kg 325mL

>25t0 30 kg b 4.0 mL

>30 0 40 kg 4.5 mL

>40 to 50 kg 5.0 mL (or 3 capsules)
>50 kg Adult dose 6.5 mL (or 4 capsules)

* Dosing based on the lopinavir component of lopinavir/ritonavir solution (80 mg/20 mg per mL).
Note: Use adult dosage recommendation for children >12 years of age.

HOW SUPPLIED

KALETRA (lopinavir/ritonavir) capsules are orange soft gelatin capsules imprinted with
the corporate logo & and the Abbo-Code PK. KALETRA is available as 133.3 mg
lopinavii/33.3 mg ritonavir capsules in the following package sizes:

Bottles of 180 capsules each................... (NDC 0074-3959-77)

Packages of 120 unit dose blisters................ooo (NDC 0074-3959-

i

Recommended storage: Store KALETRA soft gelatin capsules at 36°F - 46°F (2°C - §8°C)
until dispensed. Avoid exposure to excessive heat. For patient use, refrigerated
KALETRA capsules remain stable until the expiration date printed on the label. If stored
at room temperature up to 77°F (25°C), capsules should be used within 2 months.

KALETRA (lopinavir/ritonavir) oral solution is a light yellow to orange cofored liquid
supplied in amber-colored multiple-dose bottles containing 400 mg lopinavir/100 mg
ritonavir per 5 mL (80 mg lopinavir/20 mg ritonavir per mL) packaged with a marked
dosing cup in the following size:

160 mL bottle........oooiiiii (NDC 0074-3956-46)

Recommended storage: Store KALETRA oral solution at 36°F - 46°F (2°C - 8°C) until
dispensed. Avoid exposure to excessive heat. For patient use, refrigerated KALETRA
oral solution remains stable until the expiration date printed on the label. If stored at
room temperature up to 77°F (25°C), oral solution should be used within 2 months.

Revised: NEW

ABBOTT
LABORATORIES
NORTH CHICAGO, IL 60064, U.S.A.

PRINTED IN U.S.A.

KALETRA™ _
(lopinavir/ritonair) capsules
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in the matter of Patent Application
726/MUMNP/2009 dated April 15, 2009
by Abbott Laboratories, DEPT. 377
Bldg AP6A-1, 100 Abbott Park Road,
Abbott Park, IL 60064-6008. U.S.A.
......... Applicant

IN THE MATTER of opposition of the
grant of a patent thereto by, Cipla
Limited, Mumbai Central, Mumbai-400

008. India.
.. Opponent

EVIDENCE IN SUPPORT OF OPPOSITION

I, Dr. {(Mrs.) M. S. Nagarsenker aged about 52 years residing at A - 401, Vikas
Palms, Dr. Ambedkar Road, Thane (W) - 400601 solemnly affirm and declare as

under:

1. | am working as a Technical consultant to many Pharmaceutical industries

in India. My educational qualifications and experience are as under

Degree University

Ph.D. (Tech)
Pharmacy, Kalina
M. Pharm. The University
Department of
Chemical
Technology
B.Pharm. The University
Department of
Chemical
Technoiogy

Bombay College of

Field Year
Biopharmaceutics and 1989
Pharmacokinetics
Pharmaceutics 1981
Pharmacy 1978




Professional Experience:
e [ecturer in Pharmaceutics :

+ Asst Professor of Pharmaceutics:

¢ Professor of Pharmaceutics:
() Professor

(i) Assistant Professor
in pharmaceutics

9 years
6 years.
12 years.

For 12 years, From August, '97 till date.

For 6 years, from July '91 till August, '97

(i) Lecturer in pharmaceutics For 9 years, from Aug. '82 to July '91.

Research Experience:

Research Students:

31 years. (1978-till date)

Present: M.Pharm. — 4
Ph.D (Tech) -6
Completed: M.Pharm. - 26
Ph.D (Tech) - 13
Industrial Projects:

Chemicircle Pharmaceuticals (1992)
Opthalmics (India) Ltd. (1992)
Bombay Drug House (1994)

Bayer (India) Ltd. (1995)
Khandelwal Laboratories (1995-96)
Bharat Serum (1996)

Dynamix (1) Ltd. (1997)

La Pharma (1998)

Parke Davis Ind (Ltd) (1998)
Lubrichem (1998)

Bayer (India) Ltd {2000}
Pharmaceuttical Coatings (2000)

Novartis (India) Ltd. (2001)
Novartis (India) Ltd. (2002)
Macleods India (2003)
SASMA (2003)

IPCA Laboratories(2004)
Macleods India (2004)
Jiggisha Enterprises(2004)
Atlantic Pharma(2005)
Galaxy Surfactants(2005)
Marico Industries {(2006)
Centaur Pharmaceuticals (2008)
Macleods India (2007)
Gattefosse(2009)
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Projects:
Sr. Name of Agency and title of Year Year of B.[J:itglet
No project. Started | Completion (in Rs.)
ICMR: Pharmacokinetics of
L rifampicin in presence of other drugs 1986 1988 72,000/-
ICMR: Pharmacokinetics of atenolol
in presence of other drugs to study
2 effectiveness in treatment of 1994 1996 74,800/-
hypertension.
AMREF: Film coating and evaluation
3 of film coating polymer. 1994 1996 70,800/
CSIR: Cyclodextrin based drug
4 delivery . 1995 1998 2,50,000/-
Amrut Mody Research Foundation :
5. | {AMRF): Colonic targeting of 1996 1997 70,400/-
therapeutic agents
AICTE (R & D) : Design, optimisation
6 | and evaluation of liposomal 1996 1999 5,00,000/-
dispersion.
CSIR : Cyclodextrins for improved
7 drug delivery 1998 2001 4,00,000/-
8 | CSIR: Novel drug delivery systems 1997 2001 2,00,000/-
9 | UGC: Transdermal Drug delivery 1999 2003 3,20,000/-
AICTE (TAPTEC): Novel liposomal
10 drug delivery systems. 2000 2003 13,70,000/-
UGC: Controlled release systems for
11 | oral delivery of drugs having pH 2000 2003 4,25,000/-
dependent solubility
12 | AMRF: Novel drug delivery 2001 2004 70,800/-
AICTE (MODROB): Modernization of
13 | pharmaceutical technology 2002 2004 12,00,000/-
laboratory for stability-testing.
CSIR: Design and evaluation of
14 | improved delivery system of drugs 2000 2004 4,14 400/-

having poor solubility.
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CSIR: Improved delivery systems for Rs.
15| giuretic agents. 2000 2004 1 4 14,400/-
16 ICMR: Novet drug delivery systems 2003 2006 3.64.500/-

of some antimalarial drugs.

BRNS: Drug Delivery To Colon:

Novel Approach Of Pressure 3
17 Sensitive System and Gamma 2005 2008 9.99,800/

Scintigraphic Validation

ICMR: Novel Systems for Improved :
18 Delivery of Antidiabetic Drugs 2006 2009 80,000/
19 DBT: Development of an antidiabetic

formulation from leaf extract of 20086 2009 14,34,000/-
Annona squamosa’
CSIR: Biopharmaceutical
modification of lipid based particulate 3
20 carriers for improved delivery of 2008 2011 7,44,600/
chemotherapeutic agents

DBT: Development and evaluation of 2008 2011 39.80,000/-
liposomal drug delivery systems

AICTE: Novel Lipid Based Carrier
22 | Systems of drugs with poor oral 2008 2010 12,00,000/-
bicavailability

UGC: Biopharmaceutical
modifications of lipid particulate

carriers for delivery of antileishmanial 2009 2012 4,52,300/-
agents

21

23

Patents granted:
1. Indian Patent No. 206316.
2. Indian Patent No. 234801.

Patent Applications filed: 3

2. | have published more than 50 papers in reviewed Nationa! and International

Journals and details of a few of such publications are set out hereunder -

1. Number of Research Papers published in National/lnternational Journals :
33 (International Journals) + 23 (National Journals) = 56

o 'S AUG 9 S
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2. Number of Research Papers presented in National/lnternational
conference/conference proceedings : 75

Research Papers:

International

1. M.S. Nagarsenkar, D. D. Hegde. Optimization of mechanical properties and
water vapour transmission properties of free films of hydroxy propyl methyl
cellulose. Drug Dev. ind. Pharm. 1996, 22: 95-98.

2. M.S. Nagarsenkar, H. Shenai. Influence of hydroxypropyl B-cyclodextrin on
solubility and dissolution profiles of ketoprofen in its solid dispersions. Drug
Dev. Ind. Pharm. 19986, 22: 987-992.

3. M.S. Nagarsenker, A. Joshi. Preparation, characterisation and evaluation of
liposomal lidocaine dispersion for dermal delivery. Drug Dev.Ind. Pharm.
1997, 23: 1159-1165,

4. M.S. Nagarsenkar, J.S. Tanlry, H. Shenai. Influence of hydroxypropy! j-
cyclodextrin on the dissolution of ketoprofen and on the irritation to gastric
mucosa after oral administration in rats. J. Pharm. Sci. 1997, 3: 443-445.

5. M.S. Nagarsenkar, S.D. Garad. Physical characterization optimisation of
dissolution properties of Prochlorperazine maleate coevaporates. Int. J.
Pharm. 1998, 160; 251-255.

6. M S. Nagarsenker, R. Govindarajan. Solid dispersion for extended release
of Verapamil HCI. Pharm. Pharmacol. Comm. 1998, 4: 331-334.

7. M.S. Nagarsenker, V.M. Bhave. Kneaded solid dispersion of hydroxypropy!
p-cyclodextrin and carbamazepine: Study of complexation and in-vitro
dissolution profile. Pharm. Pharmacol. Comm. 1998, 4: 335-338,

8. M.S. Nagarsenker, V.Y. Londhe, G.D. Nadkarni. Preparation and evaluation
of liposomal formulations of tropicamide for ocular delivery. int. J. Pharm.
1999, 190: 63-71.

9. M.S. Nagarsenkar, S.D. Garad, R. Govindarajan. Design, optimization and
evaluation of Domperidone coevaporates. J. Controi. Rel. 2000, 63: 31-39.

10. M.S. Nagarsenker, R.N. Meshram, R. Govindarajan. Solid dispersions of

hydroxypropyl p-cyclodextrin and ketorolac: enhancement of in vitro




11.

12.

13.

14.

15.

16.

17.

18.

18.

20.
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dissolution rates, improvement in anti-inflammatory activity and reduction in
ulcerogenicity in rats. J. Pharm. Pharmcol. 2000, 52: 949-956.

V.P. Sant, M.S. Nagarsenker, S.G.A. Rao, R.P. Gude. Enhancement of
antimetastatic activity of pentoxifylline by encapsulation in conventional
liposomes and sterically stabilized liposomes in murine experimental
B16F10 melanoma model. J. Pharm. Pharmacol. 2000, 52: 1461-1466.

M.S. Chavan, V.P. Sant, M.S. Nagarsenker. Azo Containing urethane
analog: Synthesis, characterization and evaluation in colonic drug delivery.
J. Pharm. Pharmacol. 2001, 53: 895-900.

M.S. Nagarsenker, V.Y. Londhe. Preparation and evaluation of a liposomal
formulation of sodium cromoglycate. Int. J. Pharm. 2003, 251: 49-56.

V.P. Sant, M.S. Nagarsenker, S.G.A. Rao, R.P. Gude. Sterically stabilized
etoposide liposomes: evaluation of antimetastatic activity and its potentiation
by combination with sterically stabilized pentoxifylline liposomes in mice.
Cancer Biother. Radiopharm. 2003, 18: 811-817.

A. Mukne, M.S. Nagarsenker. Triamterene-p-cyclodextrin systems:
Preparation, characterization and in vivo evaluation. AAPS PharmSciTech
2004, 5: article 19.

R. Govindarajan, M.S. Nagarsenker. Influence of preparation methodology
on solid state of flurbiprofen in cyclodextrin based systems, effect of
formulation variables on drug release. J. Pharm. Pharmacol. 2004, 56: 725-
733.

R. Govindarajan, M.S. Nagarsenker. Basic drug-enterosoluble polymer
coevaporates: Development of oral controlled release systems. Drug Dev.
Ind. Pharm. 2004, 30: 847-858.

R. Govindarajan, M.S. Nagarsenker. Formulation studies and in vivo
evaluation of flurbiprofen-hydroxypropyl B-cyclodextrin systems. Pharm.
Dev. Tech., 2005, 10: 105-114.

M.S. Nagarsenker, M.S. Joshi. Celecoxib-cyclodextrin  systems:
characterization and evaluation of in-vitro and in-vivo advantage. Drug Dev.
Ind. Pharm. 2005, 31: 169-178.

N.G. Tayade, M.S. Nagarsenker. Validated HPTLC method of analysis for

e
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23.

24.

25.

26.

27.

28.

29.

30.

31.
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AA. Date, M.S. Nagarsenker. Design and evaluation of self-
nanoemulsifying drug delivery systems (SNEDDS) for cefpodoxime proxetil.
Int. J. Pharm. 2007, 329: 166-172.

R.P. Dixit, M.8S. Nagarsenker, Dry adsorbed emulsion of simvastatin:
optimization and in vivo advantage. Pharm. Dev. Tech. 2007, 12; 495-504.
AA. Date, M.S. Nagarsenker. Novel delivery systems of atorvastatin should
be evaluated for pharmacodynamics instead of pharmacokinetics. J. Pharm.
Pharmacol, 2007, 59: 1583-1584.

A.A. Date, M.S. Nagarsenker. HPTLC determination of cefpodoxime proxetil
in formulations. Chromatographia, 2007, 66: 905-908.

AA. Date, M.S. Nagarsenker. Design and evaluation of microemulsions for
improved parenteral delivery of propofol. AAPS PharmSciTech, 2008, 9:
138-145.

R.P. Dixit, C.R. Barhate, M.S. Nagarsenker. Stability-indicating HPTLC
method for simultaneous determination of ezetimibe and simvastatin.
Chromatographia, 2008, 67: 101-107.

A. Dinge, M.S. Nagarsenker. Formulation and evaluation of fast dissolving
films for delivery of triclosan to the oral cavity. AAPS PharmSciTech 2008,
9: 349-356.

R.P. Dixit, M.S. Nagarsenker. Self nanoemulsifying granules of ezetimibe:
design, optimization and evaluation. Eur. J. Pharm. Sci. 2008, 35; 183-192.
M.S. Nagarsenker, L. Amin, AA. Date. Potential of cyclodextrin
complexation and liposomes in topical delivery of ketorolac: in vitro and in
vivo evaluation. AAPS PharmSciTech 2008, 9 (4), 1165-1170.

R.P. Dixit, M.S. Nagarsenker. Formulation and in vivo evaluation of self
nanoemulsifying granules for oral delivery of a combination of ezetimibe and
simvastatin. Drug Dev. Ind. Pharm. 2008, 35

P. O. Pathak, M. S. Nagarsenker. Formulation and evaiuation of Lidocaine
lipid nanosystems for dermal delivery, AAPS PharmSci Tech., 2009, 10(3),
985-992.
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National

1. S.K. Unadket, M.S. Nagarsenker, H.P. Tipnis. Bioavailability of rifampicin on
oral administration. Indian Drugs 1988, 25: 413-417.

2. S.K. Unadket, M.S. Nagarsenker, H.P. Tipnis. Bioavailability and
pharmacokinetic study of rifampicin in tuberculosis patients. indian Drugs
1989, 26: 688-690.

3. S.K. Unadket, M.S. Nagarsenker, H.P. Tipnis. Kinetics of rifampicin and
isoniazid, administered alone and in combination. Indian Drugs 1989, 26:
679-683.

4. M.S. Nagarsenker, H.P. Tipnis. Effect of dapsone on rifampicin
pharmacokinetics in healthy volunteers and leprosy patients. Indian Drugs
1990, 27: 40-42.

5. M.S. Nagarsenker, H.P. Tipnis. Pharmacokinetics of trimethoprim and
rifampicin in healthy volunteers. Indian Drugs 1990, 27: 44-48.

6. M.S. Nagarsenker, S.G. Deshpande. Pan coating of paracetamol granules
using tamarind seed polysaccharides. Indian Drugs 1990, 27: 48-54.

7. H. Shenai, M.S. Nagarsenker. Intra-ocular irrigation solutions. Eastern
Pharmacist, 1994, 41-46.

8. S. Vanarase, M.S. Nagarsenker, In vitro dissolution studies on
prochlorperazine pellets coated with ethyl cellulose. indian Drugs 1895, 32:
134-138.

9. A. Upadhyaya, M.S. Nagarsenker. Evaluation of film coating polymer.
Indian Drugs 1996, 33: 219-229.

10.D. Hegde, H.P. Tipnis, M.S. Nagarsenker. Application of differential
scanning calorimetry to preformulation compatibility studies between
chloroquine phosphate and tablet excipients. Ind.J. Pharm. Sci. 1996, 58:
71-75.

11.8. Garad, J. Tantry, R. Patki, M.S. Nagarsenker. Application of DSC to
preformulation compatibility studies between sparfloxacin and tablet
excipients. Indian Drugs 1997, 34. 109-111.

12.J. Musale, M.S. Nagarsenker. Influence of hydroxypropyl B-cyclodextrin on

solubility of piroxicam and on irritation to stomach of rats upon oral
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13.H.P. Tipnis, M.S. Nagarsenker, S.D. Garad, RV. Patki. Bioequivalance
studies on metoclopramide controlled release formulation in healthy human
volunteers. Indian Drugs 1997, 34: 630-633.

14.M.S. Nagarsenker, S.D. Garad, J.S. Tantry Differential Scanning
Calorimetry (DSC) as a quick scanning technique for solid state stability
studies, Eastern Pharmacist, 1998, XLI: 125-128.

15.V. Y. Londhe, M. S. Nagarsenker. Solid dispersions of hydroxypropyl f-
cyclodextrin and carbamazepine: study of complexation and in-vitro
dissolution profile. Indian Drugs 1899, 36: 15-20.

16.V. Y. Londhe, M.S. Nagarsenker. Comparison petween hydroxypropyl B-
cyclodextrin and polyvinylpyrrolidone as carriers for carbamazepine solid
dispersions. ind. J. Pharm. Sci. 1999, 61: 237-24¢.

17.D.D. Hegde, M.S. Nagarsenker, S.D. Garad. Design and evaluation of
extended release tablets of prochlorperazine maleate. Indian Drugs 2001,
IE E& .

18.J.8. Tantry, M.S. Nagarsenker. Rheological stydy of guar gum. Ind. J.
Pharm. Sci. 2001, 63: 74-76.

19.V.Y. Londhe, M.S. Nagarsenker. Optimization of liposomes containing
sodium chromoglycate using factorial design: study of encapsulation
efficiency and particle size. Indian Drugs 2001, 3&: 363-367.

20.V.P. Sant, A.R. Paradkar, M.S. Nagarsenker. Optimization of pentoxifylline
liposomes using 2* factorial design. Ind. J. Pharm_ g¢i. 2002, 64; 459-464.
21.R.P. Dixit, M.S. Nagarsenker. In vitro and in viyo advantage of celecoxib
surface solid dispersion and dosage form development. Ind. J. Pharm. Sci.

2007, 69: 370-377.

22.M. Kulkarni, M.S. Nagarsenker. A study on improvement of solubility of
rofecoxib and its effect on permeation of drug from topical formulations. Ind.
J. Pharm. Sci. 2008, 70 (4), 466-471.

23.U. A. Shinde, M.8. Nagarsenker. Ind. J. Pharm. S¢j. In Press.
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Review Articles

1. AA. Date, B. Naik, M.S. Nagarsenker. Novel drug delivery systems:
potential in improving topical delivery of anti acne agent. Skin Pharmacol.
Physiol. 2008, 19: 2-16.

2. AA. Date, M.S. Nagarsenker. Parenteral microemulsions: an overview, Int.
J. Pharm., 2008, 355, 19-30.

Papers Presented In The Conferences / Seminars / Workshops:

1. Preformulation compatibility studies on ciprofloxacin HCI and tablet
excipients using differential scanning calorimetry., 47" IPC, Vishakapatnam,
95

2. Preformulation compatibility studies on chloroquine phosphote and tablet
excipients using DSC., 47" IPC, Vishakapatnam, 95

3. Influence of HPB on dissolution of ketoprofen and piroxicam on the irritation
to gastric mucosa of rats upon their oral administration., 48" IPC, 1996

4. Modified release systems of prochlorperazine maleate: optimization of in-
vitro dissolution parameters. 1% International symposium CRS, Ind. Local
Chapter Feb 98 Mumbai.

5. Verapamil HCI| coevaporates using enterosoluble polymers: Development of
oral controlled release systems, 50" IPC at Mumbai 1998,

6. Liposome dispersion containing tropicamide for ocular delivery:
characterization and fy-scintigraphic evaluation, Workshop on basics in
clinical pharmacclogy, 1998.

7. Preparation and evaluation of ophthalmic liposomal formulation containing
Tropicamide. 50" IPC Mumbai 98.

8. Design, optimization and evaluation of domperidone coevaporates 50" IPC
Mumbai 88.

9. Application of factorial design to study the effect of different variables on
encapsulation of pentoxyphylline in liposomes, 2™ International Symposium
on Advances in technology and business potential of new drug delivery
systems organised by Controlled Release Society Indian local chapter in
Feb 99, Goa.




10

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jou

.Preparation and evaluation of liposomal formulation of sodium

chromoglycate for pulmonary delivery, at 51% IPC, Indore 1999.

Solid dispersions of flurbiprofen with hydroxylpropyl-p-cyclodextrin. 4%
International Symposium, B.V. Patel Education trust, Feb 2000.
Optimization of liposomes containing sodium chromoglycate using factorial
design: Study of encapsulation efficiency and particle size, B.V. Patel
Education trust, Feb 2000.

Solid dispersion of hydroxypropyl B-cyclodextrin  and ketorolac:
enhancement of dissolution rates, improvement in anti-inflammatory activity
and reduction in ulcerogenicity, 10" International Cyclodextrin Symposium,
Ann Arbor, Michigan, May 2000.

Role of hydroxypropyl R-cyclodextrin in improving dissolution and reducing
ulcerogenicity of flurbiprofen: effect of I-tyrosine on bioavailability from
coevaporates, 10" International Cyclodextrin Symposium, Ann Arbor,
Michigan, May 2000.

Development of oral controlled release systems for pH independent release
of a weak base, 3 Infemational Symposium on Advances in Technology
and business potential of new drug delivery systems, Ootacamund, India,
Cctober 2000.

Evaluation of antimetastatic activity of conventional and sterically stabitized
liposomes of pentoxifyline in murine experimental metastasis model, 37
International Symposium on Advances in Technology and business pofential
of new drug delivery systems, Qotacamund, India, October 2000.

pH Independant Oral Controlled Release Of Verapamil Hci: Solubilisation In
The Microenvironment Using Enterosoluble Polymer Or Organic Acid
Controlled Release Society 28" Annual Symposium, San Diego, USA, June
2001, was accepted for presentation.

Characterization and evaluation of liposomal and cyclodexirin based
systems for dermal and transdermal delivery of ketorolac, Controlled
Release Society 28" Annual Symposium, San Diego, USA, June 2001, was
accepted for presentation,

Effect of succinic acid on the release of verapamil hydrochloride from
hydrophilic matrix, at 53 JPC, Delhi, December 2001. S

23)
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20. Proliposomal systems of clotrimazole: optimization of entrapment efficiency
and size distribution uéing factorial design, at 53 /PC, Delhi, December
2001,

21. Design And Evaluation Of Solid Dispersions Of Weakly Basic Drug For
Controlled Release. 4" International Symposium on Advances in
Technology and business potential of new drug delivery systems, Mumbai,
India, Feb 2002.

22. Preparation and Characterization of Triamterene-R-Cyclodextrin Systems.
4" International Symposium on Advances in Technology and business
potential of new drug defivery sysfems, Mumbai, /ndia, Feb 2002.

23. Sodium Alginate - Gelatin Complex Coacervation: Characterization By
Viscosity, Turbidity, Coacervate Yield And Chemical Analysis. 4t
International Symposium on Advances in Technology and business potential
of new drug delivery systems, Mumbai, /ndia, March 2002.

24. Proliposomal System of Clotrimazole: Design and Evaluation 4"
International Symposium on Advances in Technology and business potential
of new drug delivery systems, Mumbai, /ndia, March 2002.

25. Preparation and Evaluation of Solid Dispersion Systems of Celecoxib, at
54" IPC, Pune, December 2002.

26. Preparation, characterization and evaluation of HPRCD inclusion complex of
an antimalarial drug, at 54" IPC, Pune, December 2002.

27. Formulation, Evaluation and optimization of ophthalmic mucoadhesive drug
delivery systems, at 54" IPC, Pune, December 2002.

28 pH-Independent Controlled Release of a Drug Having pH-Dependent
Solubility, at 54" IPC, Pune, December 2002.

29. Design, Optimization and Evaluation of Transdermal Drug Delivery System,
at 54" IPC, Pune, December 2002,

30. Triamterene - B-Cyclodextrin Systems: Characterization, /nvivo Evaluation
and Formulation Studies, at 54" IPC, Pune, December 2002,

31. Role of organic acid in programming the release of weakly basic drug
having pH-dependent solubility, at B V PERD's 5" International Symposium,
Feb.’2003.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

233

Microencapsulation of Eugenol by sodium alginate gelatin complex
coacervation, at B V PERD’s 5" International Symposium, Feb.'2003.
Controlled release system for a weakly basic drug: Preparation,
Optimization and Evaluation, at B V PERD’s 5™ International Symposium,
Feb.’2003.

Interaction between celecoxib and cyclodextrin; differential scanning
calorimetry, X-ray diffraction studies and in-vitro dissolution studies, at B V
PERD's 5" International Symposium, Feb.’2003.

Binary systems of furosemide and cyclodextrins: preparation,
characterization and in-vivo evaluation, at B V PERD's 5" International
Symposium, Feb.’2003.

Mucoadhesive microemulsion systems: a novel approach to optimize
ophthalmic drug delivery, at B V PERD's 5" International Symposium,
Feb.'2003.

Development and validation of HPLC method of analysis, stability evaluation
and anti-inflammatory studies of Transdermal Drug Delivery System of
Ketorolac. 55" IPC, Chennai, Dec'2003.

M. S. Rane and M. S. Nagarsenker, pH-independent controlled release oral
formulation of weakly basic drug — pharmacokinetic evaluation and IVIVC, to
be held at 5™ International CRS symposium, Indian chapter, Feb’2004.

S. Phadke and M. S. Nagarsenker, gastroretentive systems for cinnarizine,‘
to be held at 5" International CRS symposium, Indian chapter, Feb’2004,

U. A. Shinde and M. S. Nagarsenker, sodium alginate-gelatin complex
coacervation: microencapsulation of nitrofurantoin, to be held at 5"
International CRS symposium, Indian chapter, Feb’2004.

M. C. Kulkarni and M. S. Nagarsenker, development of dermal delivery
systems for a COX-2 selective NSAID's using various permeation
enhancers, to be held at 5" international CRS symposium, indian chapter,
Feb'2004.

A. P. Mukne and M. S. Nagarsenker, formulation studies of poorly soluble
diuretic agents, to be held at 5" International CRS symposium, Indian
chapter, Feb'2004.
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44,

45.

46.

47.

48.

49.

50.

51.

52.

33.

234

.A. L. Kulkarni and M. S. Nagarsenker, liposomal systemn of 5-fluorouracil:

optimization of entrapment efficiency and size distribution using 2° factorial
design, to be held at 5" International CRS symposium, Indian chapter,
Feb'2004.

Aditya Dinge, R. P. Dixit and M. S. Nagarsenker, fast dissolving films for
delivery of poorly water soluble drug, 6" International CRS symposium,
Indian chapter, Feb'2005.

Design, optimization and evaluation of submicronemulsions systems for
poorly water soluble drugs, 1% Indojapanese International conference,
November 2005.

Studies on cyclodextrin association of a poorly soluble lipid lowering drug,
1! Indojapanese International conference, November 2005.

Design of Self-Microemulsifying Systems for Cefpodoxime proxetil delivery,
32™ Annual Meeting and Exposition of the CRS International conference,
June 2005.

Gelatin- sodium alginate complex coacervation; microencapsulation of
Nitrofurantoin, 15" International Symposium on microencapsulation held at
Parma, ltaly, September 2005

Solubilization of Triameterene by use of cosolvent, 2005 AAPS Annual
Meeting & Exposition held at Tennessee.

Preparation, characterization and formulation studies of Triameterene-f3-
cyclodextrin systems, 2005 AAPS Annual Meeting & Exposition held at
Tennessee.

Optimization of methotrexate liposomes using 24 factorial design, 58" Indian
Pharmaceutical Congress, 2008, Mumbai.

Studies on cyclodextrin-glipizide binary systems and in vivo advantages,
58" Indian Pharmaceutical Congress, 2006, Mumbai

Preparation, optimization and characterization of dry emuisions of anti-
hypercholesterolemic agent, 58" Indian Pharmaceutical Congress,
2006,Mumbai

. Antibody guided targeted drug delivery systems for effective control of

malaria: Evaluation in P.berghei infected mice, 7" international Symposium
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56.

57.

58.

59.

60.

B1.

62.

B 5 AUG 2018\ 4

on Advances in Technology and business potential of New Drug Delivery
Systems, 2007, Mumbai

Dry adsorbed microemulsifying systems of Simvastatin: Design, optimization
and in vivo advantage, 7" International Symposium on Advances in
Technology and business potential of New Drug Delivery Systems, 2007,
Mumbai.

Simple method for rapid screening of excipignts used in spontaneously
emulsifying systems, 7™ International Symposium on Advances in
Technology and business potential of New Drug Delivery Systems, 2007,
Mumbai.

Formulation and Evaluation of Solid Lipid Nanoparticle System Containing
lLidocaine for Dermal Drug Delivery, 60" Indian Pharmaceutical Congress,
2008, Lucknow.

Design and Evaluation of Lidocaine Lipid Nanoparticulate Systems for
Dermal Drug Delivery, 8" International Symposium on Advances in
Technology and business potential of New Drug Delivery Systems, 2008,
Ahfnedabad.

Preparation and Characterization of Thermosensitive Liposomes of
Fluorouracil, 8" International Symposium on Advances in Technology and
business potential of New Drug Delivery Systems, 2008, Ahmedabad.
Preparation and characterization of binary mixtures of Repaglinide with
beta-cyclodextrin and hydroxypropyl-beta-cycldextrin  at 1% International
conference on Drug discovery and Development-South Asian perspective
organized by South Asian chapter of American College of Clinical
Pharmacology

Phospholipid based cationic nanocomplexes for improved drug delivery at
2" International conference on Drug discovery and Development-South
Asian perspective organized by South Asian chapter of American College of
Clinical Pharmacology

Validated HPTLC method for quantification of rutin in leaf extract of Annona
squamosa and its formulation at 2" International conference on Drug
discovery and Development-South Asian perspective organized by South
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63.

64.
85.

66.
67.

68.

69.
70.

71.

72.
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Asian chapter of American College of Clinical Pharmacology held at Mumbai
2008.

Single step fabrication of pharmaceutical nanocarriers using novel
biccompatible solvents at Inter University research festival-Avishkar 2008-
09.

Single Step Fabrication of Eudragit RLPO Nanoparticles and Nanocapsules
Using Biocompatible Solvents and Their Applications in Drug Delivery at 9"
International Symposium of controlled release society, Indian Chapter held
at Mumbai 2009.

Single step fabrication of pharmaceutical nanocarriers from novel
biocompatible solvents and their application in dermal and oral delivery at
36™ Annual exposition and meeting of controlled release society held at
Copenhagen, Denmark in 2009.

Ethanolic extract of leaves of Vitex Negundo: Evaluation and feasibility of
formulation development at 9™ International Symposium of controlled
release society, Indian Chapter held at Mumbai 2009.

Fermulation, optimization and evaluation of SLNs of a hydrophilic drug for
oral delivery at 9" International Symposium of controlled release society,
Indian Chapter held at Mumbai 20089. _

Formulation and evaluation of long circulating liposomes for Amphotericin B,
tracer kinetic study using TC *™ in healthy Balb/c mice at 9" International
Symposium of controlled release society, Indian Chapter held at Mumbai
2009.

Formulation,  optimization  and characterization- of  meloxicam
nanosuspension at 9" International Symposium of controlled release
society, Indian Chapter held at Mumbai 2009.

Formulation of carbamazepine nanosuspensions by nanoprecipitation
method at 9" International Symposium of controlled release society, Indian
Chapter held at Mumbai 2009.

Fluticasone Propionate Liposomes for Pulmonary Delivery at [PA
symposium on Nasal and Pulmonary Drug Delivery held at Mumbai 2009.

Formulation, optimization and evaluation of solid lipid nanoparticles of

simvastatin for oral delivery at 3™ International conference on E)Fug__,_,_\
g PN

23¢
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74.

75.

76.
77.
78.
78.

80.
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discovery and Development-South Asian perspective organized by South
Asian chapter of American College of Clinical Pharmacology held at Mumbai
2009.

Liposomal dry powder inhalation for pulmonary delivery of Beclomethasone
dipropionate at 3™ International conference on Drug discovery and
Development-South Asian perspective organized by South Asian chapter of
American College of Clinical Pharmacology held at Mumbai 2009.
Preparation and in-vivo evaluation of self-microemulsifying drug delivery
system (smedds) of repaglinide at 3™ International conference on Drug
discovery and Development-South Asian perspective organized by South
Asian chapter of American College of Clinical Pharmacology held at Mumbai
2009.

Validated HPTLC method for quantification of isoquercitrin in leaf extract of
Annona squamosa and its formulation at 3" [nternational conference on
Drug discovery and Development-South Asian perspective organized by
South Asian chapter of American College of Clinical Pharmacology held at
Mumbai 2009.

Positively charged polymeric nanoparticles of poorly water soluble drug
Meloxicam at 10" International Symposium of controlled release society,
Indian Chapter held at Mumbai 2010.

Targeted drug delivery system for colon using soy polysaccharide at 10"
International Symposium of controlled release society, Indian Chapter held
at Mumbai 2010.

Bio-engineered drug delivery system for active targeting at 10" International
Symposium of controlled release society, Indian Chapter heid at Mumbai
2010.

Solid lipid nanoparticles of acid labile hydrophilic drug: Enhanced chemical
stability and bioavailability at 10™ International Symposium of controlled
release society, Indian Chapter held at Mumbai 2010.

Templating of polymeric and lipid nanocarriers using biocompatible solvents
at 1! AAPS-NUS-BCP regional conference held at Mumbai 2010.

18
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81. Formulation of silver sulfadiazine nanosuspension based gels for treatment
of burn wounds solvents at 1% AAPS-NUS-BCP regional conference held at
Mumbai 2010.

82. Fractionated aqueous extract of DBT/DM/06: Characterization, invivo
evaluation and formulation development at 1% AAPS-NUS-BCP regional
conference held at Mumbai 2010.

83. Colon specific drug delivery and its validation by gamma scintigraphy at 1*
AAPS-NUS-BCP regional conference held at Mumbai 2010.

Lectures Delivered

1. “Stability Studies guidelines” in Drug Inspectors’ Training Programme in K.
M. K. College of pharmacy, Mumbai, 1998.

2. "Optimisation techniques” in Faculty Development Programme in Bombay
College of Pharmacy, Mumbai, 1998.

3. “Dosage Forms for intra ocular use” in Faculty Development Programme in
Bombay college of Pharmacy, Mumbai, 1999.

4. “Liposomes as drug delivery systems” organized by [PA-MSB, Mumbai,
Sept. 2001. _

5. “Liposomes as drug delivery systems” organized by CRS Indian Local
Chapter, at 4" International Symposium on Advances in Technology and
business potential of new drug delivery systems, Mumbai, /ndia, March
2002.

6. "Oral controlled release drug delivery systems of weakly basic drugs’
organized by HIPC, at a seminar on R & D it drug defivery systems, held on
28" February 2003 in Bombay College of Pharmacy, Mumbai.

7. "Changing needs in pharma curriculum in India’, at 55" Indian
Pharmaceutical Congress, Chennai, Dec. 2003

8. Liposomes as drug delivery systems” organized by IPCA, Kandivli, Mumbai
April 2004,

9. Oral specialized drug delivery systems” organized by Macleods, Mumbai,
March 2004.

10. Influence of excipients and manufacturing on physical stability of drug, Oct:___ 7
2005,

19
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11. ‘Optimization in design of liposomes’ in Teachers training programme at
Pune, July 2005.

12. Liposomal drug delivery at UICT

13. Lipid based carriers at PCT college of Pharmacy, Thane

14. Delivered a lecture on drug delivery systems in course of post grad diploma
in Pharm Management, Garaware Institute and G. S. Medical college
collaboration on Sept 7, 2006

15. Delivered a lecture on "Cyclodextrin based drug delivery systems “ at
NMIMS, Mumbai on 18 Nov 2006

16. 'Drug Delivery Systems’ at Garware Institute, Mumbai

17. Lectures delivered in Hyderabad Sindh College of Pharmacy, Ulthasnagar
on “Stability Studies” for Sem V| in March 2007.

18. Lipid nanocarriers for improved drug delivery at 15t AAPS-NUS-BCP
regional conference held at Mumbai, 2010.

Awards / Prizes / Certificates/ fellowship etc.:
e G.P. Nair IDMA Gold Medal for securing First Rank in Final Year B.Pharm. *

examination (1978} in the University of Bombay.

o Prof. (Mrs.} M. R. Baichwal Visiting fellow in Pharm Sci. and Technology for
UICT, year 2005-2006.

Paper and Poster Awards:

* Dixit RP, Nagarsenker MS, Prof M. L. Khorana Memorial award for Best
research paper entitled “In vitro and in vivo advantage of celecoxib surface solid
dispersion and dosage form development’, in Indian Journal of Pharmaceutical

Sciences (Section: Pharmaceutics) for the year 2007,

¢ Dixit RP, Barhate CR, Nagarsenker MS, Certificate of merit awarded to the
research paper entitled “Stability indicating HPTLC method for simultaneous
determination of ezetimibe and simvastatin® in 4th P, D. Sethi Annual award
2008 for best research paper in the field of Pharmaceutical Analysis.

¢ Dixit RP, Barhate CR, Nagarsenker M3, Certificate of merit awarded to the
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determination of ezetimibe and simvastatin” in P. D. Sethi Annual award 2008
for best research paper on applications of TLC and HPTLC in Pharma, Herbal

and Miscellaneous Analysis.

e Desai NS, Nagarsenker MS, Best poster presentation entitled Preparation

and characterization of binary systems of repaglinide with BCD and HPBCD.

¢ Desai NS, Biyani S, Kulkarni SR, Nagarsenker MS, Best poster
presentation entitled Validated HPTLC method for quantification of rutin in leaf

extract of Annona squamosa and its formulation.

+ Nagarsenker KS, Kulkarni SR, Nagarsenker MS, Best poster presentation
entitled Composition and antilipid peroxidation activity of ethanolic extract and

supercritical fluid extract of leaves of Vitex Negundo linn.

» Date AA, Nagarsenker MS, Best oral presentation entitled Phospholipid

based cationic nanocomplexes for improved drug delivery.

s« Nirale N.M., Vidhate R.D. Nagarsenker M. S., Best poster presentation
entitled Fluticasone Propionate Liposomes for Pulmonary Delivery.

+ Nirale N.M., Nagarsenker M. S., Best poster presentation entitled Liposomal

dry powder inhalation for pulmonary delivery of Beclomethasone dipropionate

s Desai NS, Nagarsenker MS, Best poster presentation entitled Preparation
and in-vivo evaluation of self-microemulsifying drug delivery system (smedds) of

repaglinide

o Date AA, Nagarsenker MS Best poster presentation entitied Templating of

polymeric and lipid nanocarriers using biocompatible solvents

» Desai NS, Biyani S, Kulkarni SR, Nagarsenker MS, Best oral presentation
entitled Fractionated aqueous extract of DBT/DM/06: Characterization, invivo

evaluation and formulation development

Professional affiliations:

1. Member of the Indian Pharmaceutical Association.
2. Member of the Controlled Release Society (Indian Local Chapter).
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3. Member of Association of Pharmaceutical Teachers of India.

4. Member of editorial board of Indian Journal of Pharmaceutical Sciences.

5. Referee for reviewing papers in Indian Journal of Phiarmaceutical Sciences,
Indian Drugs, Indian Journal of Pharmacoclogy, International Journal of
Pharmaceutics, PDA’s Journal of Pharm Technology and Current Drug
Delivery. 1274360

in view of my position, qualifications, experience and knowledge in the field of
pharmaceuticals, | am competent to depose this affidavit.

3. | am informed that the opponent is in the process of opposing the Patent
Application no. 726/MUMNP/2009 dated April 15, 2009 and the opponent has given
me copies of the documents relating to the pre-grant proceedings, namely complete
specification of Indian Patent Application no. 726/MUMNP/2009 (specification), the

draft representation including copies of the following publications:

Sr. No. Document Publication Date
Exhibit 1 LS6599528 July 29, 2003
Exhibit 2 WO00134119 May 17, 2001.
Exhibit 3 WO0Q074677 December 14, 2001
Exhibit 4 WO0199744014 November 27, 1997
4. | have been asked to consider the invention disclosed and claimed in the

specification and Exhibit-1 to Exhibit-4 with Annexures to give my opinion on
whether the invention claimed in the patent specification is obvious and lacking

inventive step.
5. | have carefully gone through the documents being filed in the present
proceedings including the complete specification of the applicant. | have understood

the invention claimed by the applicant and have also understood the opponent’s

case made out in the written statement of opposition.

22
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6. The invention is directed to solid pharmaceutical dosage form comprising at
least an HIV protease inhibitor and process for preparation. In paragraph 4 of the
specification the applicant has highlighted poor aqueous solubility as one for the
factors affecting drug bioavailability. In other words HIV protease inhibitors due to
poor aqueous solubility are less bio-available. Accordingly, the invention is directed
at developing an improved oral solid dosage forms for HIV protease inhibitors that
have suitable oral bioavailability and stability that does not necessitate high vehicle
volume. The aforesaid objective is achieved by formulating a_solid pharmaceutical

dosage form comprising solid dispersion of at least one HIV formulation in at least

one pharmaceutically acceptable water soluble polymer and at least one

pharmaceutically acceptable surfactant.

7. The applicant has provided a list of HIV protease inhibitors suitable for use
in the invention on pages 3 and 4 of the specification. The specification and the
claims recite various HIV protease inhibitors that can be incorporated in the
invention disclosed therein. Further, pages 6 and 7 of the patent application lists out
the non-ionic surfactants that may be used and states that surfactant with HLB 4 to
10 are suitable. Water soluble polymers being an essential feature of the applicant’s
invention are listed on page 8 and 9 of the specification. Additionally the applicant
states that such water soluble polymers with Tg from about 80°C to about 180 °C
allow preparation of mechanically stable solid dispersion. Further, the applicant
states that various methods can be used for manufacturing the said solid dosage
forms. The methods include melt-extrusion, spray drying and solution evaporation,
where meit extrusion is being preferred by the applicant. It may be noted that all the
said methods comprises the 'preparation of solid solution of the active ingredient in
a mairix of the water soluble polymer and the surfactant and converting the solution

into the desired dosage form.

8. The applicant in its specification has provided various exemplary
compositions for ritonavir/lopinavir in combination and ritonavir alone.

23
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9. The applicant’'s claims are directed to a solid pharmaceutical dosage form
comprising a solid dispersion of at least one HIV protease inhibitor in water soluble

polymer with Tg at least about 50° C and surfactant.

10. | have studied the documents from Exhibit-1 to Exhibit-4 and now proceed
to highlight certain key aspects in the opponent’s representation and the documents

relied upon in the said representation.

11. | say that Exhibit-1 teaches a mechanically stable pharmaceutical
presentation for oral administration of one or more active ingredient, melt
processable matrix forming excipient and a surface active substance with HLB 2 to
18, (abstract). As apparent from column 1 last paragraph, | say that Exhibit 1 is
specifically directed to formulation of active ingredient with low solubility and low
bioavailability. This is brought about in Exhibit 1 by solid dispersion; wherein in the
active ingredient is in the form of a molecular dispersion in an excipient matrix.
Exhibit-1 further states that “The addition of surface active substance to
formulations of low solubility is “generally known per se”; column 2, line 9. With
respect to the active ingredients suitable for use in Exhibit 1 includes protease
inhibitors in addition to immunosuppressants, reverse transcriptase inhibitors,
cytostatics, antimycotics, CNS active substances. Exhibit 1 also recites examples of
surface active agents in column 3, lines 1-17 and the ones that require special
mention are sorbitan fatty acid esters, polyoxyethylene 20 sorbitan monopalmitate
and the said surfactant have HLB value from 2 to 18. It further enlists examples of
polymers (Column 3, lines 30-38 ) like homo- and copolymers of N-vinylpyrrolidone,
copolymers, for example copovidone among others. Moreover, the dosage forms
disclosed in exhibit 1 are produced by a melt process (Column 3, lines 62-63). | say
that essential attributes of the invention are present in Exhibit 1. | further say the
Exhibit 1 does not explicitly mention specific HIV protease inhibitors like lopinavir
and / or ritonavir as its 'one or more active ingredient’' but indeed HIV protease
inhibitor as a class of drug. | therefore say that in my opinion the objective of the

invention as stated in paragraph 9 is wholly addressed by Exhibit 1.
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12. | say that Exhibit 1 teaches about mechanically stable preparations
comprising actives having low solubility. | say that the object of the present
invention being the preparation of solid pharmaceutical dosage of HIV protease
inhibitors, which have low aqueous solubility, having a suitable bioavailability and
stability, the inventors of the impugned application would be led by Exhibit 1 for
reasons mentioned hereinabove. The applicant has only applied the teachings of
Exhibit 1 to provide stable formulations of HIV protease inhibitors and therefore the

claimed features are not the applicant's contribution to the state of art.

13. I state that Exhibit-2 teaches a solid dispersion of a pharmaceutical
compound in a water soluble carrier, such as polyethylene glycol (PEG), and a
crystallization inhibitor, such as polyvinylpyrrolidone or

hydroxypropylmethylcellulose. It may be noted that the pharmaceutical formulation
taught in Exhibit-2 comprises HIV protease inhibitors, in particularly, Ritonavir,
Lopinavir (mentioned as ABT-378) and their combination as active ingredients
similar to the invention claimed by the applicant in its application under opposition. |
further state that Exhibit-2 has also attempted to solve the problem of low
bioavailability of HIV protease inhibitors and recrystallization of the said active
ingredient. According to Exhibit-2, Polyvinylpyrrolidone (PVP) is known to inhibit
crystallization of drugs as some drugs tend to form crystals when placed in solution,
which can be problematic during formulation and also deteriorates the physical
stability of the formulation. Exhibit 2 teaches dispersion of the pharmaceutical active
in a matrix to improve the dissolution profile of actives having poor aqueous
solubiiity. it also teaches the use of PVP which as already mentioned inhibits
crystallization thereby increasing the stability of the formulation. The solution
derived to overcome the aforesaid problem is to improve the aqueous dissolution
properties and physical stability and ultimately achieve improved bicavailability and
also enhances the physical stability of the formulation. Exhibit-2 clearly teaches that
PVP has the added advantage of having a high Tg, which imparts stabilization of
amorphous regions by reducing mobility (page 11, lines 16-18). Therefore, in view
of this teaching, | say that it would have been obvious to use PVP as a water-
soluble polymer for use with the melt-extrusion process. It may be further noted that
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the process for preparation of the dosage formulation as claimed in the impugned
application is same as the process taught in Exhibit-2.

14, | have been informed that the Patent Application No. 726/MUMNP/2009 is
divisional to Patent Application No. 339/MUMNP/2006, the grant of which is also
under opposition. | am made to understand that the hearing in respect of
339/MUMNP/2006 is already concluded and during the hearing the applicant made
reference to Biopharmaceutics Classification System (BCS) and it was argued that
ritonavir falls under class IV and that no prior art discusses solid dispersion of class
IV drugs. | say that as per BCS classification drugs are classified into four classes
based on decreasing order of solubility and permeability; i.e., Class | drugs have
High Solubility — High Permeability and Class IV drugs have Low Solubility — Low
Permeability. | say that HIV protease inhibitor Nelfinavir mesylate is classified as a
Class IV drug per BCS. | am aware of W02002089835 {annexed herewith as
Exhibit EA) that pertains to Class IV drug formulation. Interestingly Exhibit EA
relates to solid unit oral pharmaceutical dosage form of amorphous nelfinavir
mesylate. The process used is hot melt granulation. The formulation comprises
nonionic block polymer of ethylene oxide and propylene oxide (as surfactant and a
water soluble polymer) having melting point about 45°C and HLB of 18-29 at 25 °C.
i say that pharmaceutical formulation embodiments of Exhibit- EA are illustrated by
example-ll through example-X with crospovidone and Poloxamer. Also the
formulations of the aforesaid examples may be prepared by hot melt extrusion, fluid
bed process or equipped with or without rotor processor, and jacketed centrifugal
granulator or spheronizer {column 5, lines 15-18). Exhibit EA on page 2, lines 25-
27 states that solid dispersion of homogenous melt mixture results from cooling the
mixture followed by solidification and that inclusion of the surfactant is to enhance
solubilization of the highly insoluble drug. | futher say that claim 19 of the
impugned patent application claims a process comprising preparing a homogenous
melt of HIV protease inhibitor, water soluble polymer and surfactant, followed by
solidification of the meit. | say the solid dispersion is indeed taught in Exhibit EA.
The general process followed by Exhibit EA is melting the blend and processing the
melt to form solid unit oral dosage form of the drug. Use of excipients such as

stabilizers, wetting agent, binders, disintegrant, solubilizers is taught on p
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20-23 of Exhibit EA. It also refers to use of povidone, polyethylene glycol,
polyoxyethylene sorbitan fatty acid esters as additives. Given that impugned patent
application claims solid pharmaceutical dosage form comprising solid dispersion of
HIV protease inhibitor of BCS Class |V, water soluble polymer and surfactant, | say
that basic principles are found in teachings of Exhibit EA. | say that choosing a
water soluble polymer and / or a surfactant is part of standardization a formulator is
bound to go through. [ further say that Class IV drugs of BCS may be difficult fo
formulate, but such formulations have been well described in prior art. | say that
Exhibit EA indeed teaches a solid dispersion of a class IV compound with
satisfactory dissolution and bioavailability with solubilization enhancement brought

about by inclusion of a surfactant.

15. | am further aware of an article entitled "Physicochemical considerations in
the preparation of amorphous ritonavir-PEG 8000 solid dispersions”; published in
Journal of Pharmaceutical Sciences, 2001, Vol. 90, Issue 8, pg 1015-1025
(annexed heréwith as Exhibit EB). Exhibit EB relates to solid dispersions of
Ritonavir with PEG as the water-soluble polymer having improved dissolution profile
and long-term stability. It also mentions that PVP and PEG are commonly used
polymers when attempting to prepare a dispersion of an amorphous drug in
hydrophilic polymer (page 1016, column 1, 1% paragraph). Further, Exhibit EB
mentions that the ability of PVP to stabilize amorphous phase has been well
documented. In my opinion therefore the class IV category of the product under
challenge does not show any unexpected or unpredictable advantages vis-a-vis

bicavailability and physical stability.

16. | further say that surface active agents at low concentrations, adsorb onto
the surfaces or interfaces of a system and alter the surface or interfacial tension.
Surface active agents have a characteristic structure, possessing both polar
(hydrophilic) and nonpolar (hydrophobic) regions in the same molecule which
makes them amphiphilic in nature. Because of their unique functional properties,
surfactants find a wide range of uses in pharmaceutical preparations which include
improving the solubility or stability of the drug in a liguid preparation, stabilizing and
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solubilization of the active thereby improving efficacy of the product. it is well known
to a person skilled in the field of pharmaceutical formulations that use of surfactants
can alter the thermodynamic activity, solubility, diffusion, disintegration and
dissolution rate of the drug and each of these parameters in turn influence the rate
and extent of drug absorption which is directly proportional to pharmacological

response.

17. | am aware of an article entitled “Solid Dispersion of poorly water soluble
drugs: Early promises, subsequent problems and recent breakthroughs” by Abu T.
M. Serajuddin published in Journal of Pharmaceutical Sciences Vol. 88, No.10
October 1999 (annexed herewith as Exhibit EC). Exhibit EC elaborates on the
development of process of solid dispersion for poorly water soluble drugs in order fo
enhance the bioavailability of the dosage form and its advantages and
disadvantages. It suggests that use surface-active carrier may be preferable in
almost all cases for the solid dispersion of poorly water-soluble drugs (page 5,
column 2). it also suggests that the use of surface-active carrier in solid dispersion
for increasing the dissolution of drugs. It specificatly states that the bioavailability of
ritonavir (Norvir, Abbott), a poorly soluble HIV protease inhibitor, was enhanced by
formulation as a solid dispersion in a mixture of such surface-active carriers as

Gelucire 50/13, polysorbate 80, polyoxyl 35 castor oil.

18. | say that surfactants are more often employed in pharmaceutical formulation
as solubility enhancing agents for active ingredients with low aqueous solubility.
The increased solubilization of active ingredient results in enhanced absorption of
the drug in digestive tract thereby increasing the bioavailability of drug. Thus
addition of surfactant to formulate active ingredient of low solubility in a solid
dispersion prepared by hot melt extrusion technique is generally known per se. |
say that the preparation of solid dispersions by meit or solvent method is an
alternative way to enhance the solubility of a sparingly or poorly water soluble drug.
| say that extent of experiments and research in the field of melt extrusion technique
employing polymers, surfactants and additives to prepare solid dispersions in order

to enhance the drug dissoiution rate of poorly soluble drugs is very vast and
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formulation on the said principles. The chosen combination of polymers, surfactants
and additives can contribute to a more desirable dissolution rate profile and the

potential of a development of a superior dosage form.

19. It is therefore evident that the pharmaceutical formulation comprising active -
ingredient, water soluble binder and/or polymer, fipid component and/or surfactant,
excipient formulyted by homogenous melt extrusion process was well known in
prior art and with reasonable expectation a person skilled in the art would try the

prior art.

20. The pharmaceutical formulation claimed in the subject application in my
opinion is a tesult of a combination of routine work, optimization and
experimentation, which is a part of any formulation lab. For a given product one has
to try different options so as to come out with the best formulation and such trials
are very routine in nature and does not really require any inventive contribution nor
involve any technical advancement. Thus the subject-matter claimed in the Patent
Application No. 726/MUMNP/2009 is obvious having regard to the literature
discussed about coupled with the general state of art.

21.  The statements made in 1-20 herein are true to my knowledge.

th
Declared at Mumpai this L+ day of August 2010,
v

Dr. (Mrs.}) M. 8. Nagarsenker
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Pharmaceutical Dosage Form of Amorphous Nelfinavir Mesylate

Nelfinavir mesylate is one of several protease inhibitors used to limit viral
replication and improve immune function in HIV-infected individuals. Information
regarding neifinavir mesylate is reporied in “Viracept (Nelfinavir Mesylate,
AG1343): A Potent, Orally Bioavailable inhibitor of HIV-1 Protease”, Kaldor et al.,
J. Med. Chem., 40, 3979-85 (1997), and its use in the treatment of HIV is reported
in “Nelfinavir: An Update on its Use in HIV Infection”, Bardsley-Elliot et al., Drugs,
59(3), 581-620 (2000).

Nelfinavir mesylate is a white to off-white amorphous powder that is slightly
soluble in water at pH less than or equal to 4. Nelfinavir mesylate has a molecular
weight of 663.90 {567.79 as the free base).

Nelfinavir mesylate is commercially available as a 250 mg tablet {as
nelfinavir free base). It is sold under the name Viracept® by Agouron
Pharmaceuticals, Inc., a Pfizer company. Viracept® tablets are known to
additionally contain calcium silibate, crospovidone, magnesium stearate, FD&C
blue #2 powder, hydroxypropyl .methylcellulose and triacetin. U.S. Patent No.
8,001,851 to Albizati et al., assigned to Agouron Pharmaceuticals, Inc., reports a
tablet composition (formulation 9) containing 282 mg of an HIV inhibitor which can
be nelfinavir mesylate. The patent does not specify the market formulation,
Viracept®, although the reported composition contains calcium silicate,
crospovidone and magnesium stearate. Calcium silicate and crospovidone each
constitute 25% of the composition reported in the patent.
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For adult patients, the recommended oral dosage of nelfinavir mesylate
(calculated as neffinavir free base) is 750 mg (3 x 250 mg tablets) 3 times daily or
an alternative regimen of 12560 mg (5 x 250 mg tablets) twice daily. Whether a
two- or three-times per day dosage program is followed, the tablet burden remains
significant over the course of a day. Patient compliance is therefore a real

concern.

Block copolymers of ethylene oxide and propylene oxide that are listed as
poloxamers in the NF Monograph "Poloxamer” are available in a wide range of
molecular weights and melting points. They are marketed under the name Lutrol®
or Piuronic® by BASF Corporation. Poioxamers have been extensively used as

pharmaceutical wetting and solubilizing agents, typically in small amounts.

it has also been noted that poloxamers can be used in pharmaceutical
formulations to enhance the bicavailability of a drug. U.S. Patent No. 5,834,472 to
Sangekar et al., for example, reports that including a non-ionic sutfactant that is a
block copolymer of ethylene oxide and propylene oxide in a composition of an
antifungal compound having extremely low water solubility can enhance the
bioavailability of the compound. U.S. Patent No. 5,281,420 to Kelm et al
addresses formulation of the drug tebufelone, an anti-inflammatory, analgesic
and/or antipyretic agent that is essentially water-insoluble. Absorption of
tebufelone is quite low from the gastrointestinai tract, Kelm et al. report a solid
dispersion of tebufelone, produced by melting together poloxamer and tebufelone
(melting point of 70°C) to form a homogeneous melt mixture. Solid dispersions of
the homogeneous melt mixture result from cooling the mixiure and allowing it to
solidify. The poloxamer surfactant is included to provide the necessary
solubilization of the highly insoluble drug in forming the melt mixture.
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A high dosage strength solid unit oral dosage form, e.g., a tablet, of
nelfinavir mesylate having satisfactory dissolution and bioavailability has
apparently not been successfully developed prior to the present invention. This
may be due in part to the hydrophobic nature of the drug, which accounts for its
low aqueous solubility. In addition, neffinavir mesylate in high dose solid unit
dosage forms gels upon exposure to physiological fluid. The gel retards
dissolution and hioavailability of the drug. The problem of gelling worsens with
increased drug loading.

SUMMARY OF THE INVENTION

The present invention provides a solid unit oral pharmaceutical dosage form
of amorphous nelfinavir mesylate comprising amorphous neliinavir n;lesylate and a
pharmaceutically acceptable, water soluble, non-ionic synthetic block copolymer of
ethylene oxide and propylene oxide, the copolymer having a melting point of at
least 40°C. The high dese neffinavir mesylate pharmaceutical dosage form of the
invention exhibits satistactory dissolution and bicavaifability.

The present invention also provides a process for preparing a solid unit oral
pharmaceutical dosage form of amorphous nelfinavir mesylate, comprising:
(a) heating a blend of amorphous nelfinavir mesylate and a pharmaceutically
acceptable, water soluble, non-ionic synthetic block copolymer of ethylene oxide
and propylene oxide, the copolymer having a melting point of at least 40°C at a
temperature of from the melting point témperature of the copolymer to below the
decomposition temperature of nelfinavir mesylate,
by mixing the Dblend to form a melt  granulation, and
{c) processing the melt granulation into the solid unit oral dosage form of
amorphous nelffinavir mesylate.
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Figure 1 presents dissolution profiles of 625 mg tablets of neffinavir

f | BRIEF DESCRIPTION OF THE DRAWINGS

mesylate (Examples Il and Ill) compared to that of the 250 mg market (tablet)
formulation (Example I).

Figure 2 presents dissolution profiles of 625 mg nelfinavir mesylate tablets
in accordance with the invention (Examples IV and V) compared to other 625 mg
nelfinavir mesylate tablets (Examples il and Ill).

Figure 3 shows the effect of Poloxamer 188 concentration on the
dissolution profiles of 625 mg tablets of nelfinavir mesylate (Examples Vi, VII, VIII
and 1X).

Figure 4 shows mean plasma concentration versus time profiles after
administration of 2 x 625 mg nelfinavir mesylate tablets of the invention (Example
V) compared to administration of 5 x 250 mg tablets of the market formulation
{Example 1).

DETAILED DESCRIPTION OF THE INVENTION

It has surprisingly been found that when amorphdus nelfinavir mesylate is
melt granulated with a pharmaceutically acceptable, water-soluble, non-ionic
synthetic block copolymer of ethylene oxide and propylene oxide in accordance
with the invention, a significant improvement in the dissolution rate of the drug is
shown with resulting safisfactory bioavailability. The neffinavir mesylate used for
the sofid unit dosage form of the invention is amorphous. Dosage amounts are
calculated as nelfinavir free base, unless specified otherwise. The pharmaceutical
dosage form of the invention is a high per unit dosage of the nelfinavir mesylate as
compared to the 250 mg market formulation, and is amenable to oral
administration. For patient compliance and acceptability, the maximumn weight of a
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solid unit oral pharmaceutical dosage form is typically from 1.0 g fo 1.5 g. The
present invention encompasses solid unit oral dosage forms having the nelffinavir
mesylate in a dose from 400 mg, the dose at which the geliing potential of the
nelfinavir mesylate begins to be problematic when formulated using conventional
pharmacsutical excipients and processes, to 700 mg. The dosage form comprises
nelfinavir mesylate in an amount of from 400 mg to 700 mg, preferably from
500mg to 700 mg. A preferable dosage amount is, for example, 625 mg. -

The pharmaceutically acceptable, water-soluble,. non-ionic synthetic block
capolymer of ethylene oxide and propylene oxide in accordance with the present
invention as a rule has a molecular weight of from 6,000 D to 18,000 D, preferably
from 6800 D to 17500 D and a melting point of preferably 40°C to 60°C, more
preferably from 49°C to 57°C. The hydrophil/lipophil balance (“HLB") value at 25°C
expediently is at least 14, preferably 14 to 28, more preferably 22 to 29. The
copolymer is readily water soluble. Typically, the copclymer of the present
invention has an ethylene oxide content (percentage of oxyethylene-groups) of at
least 70% by weight, preferably 70% to 85% by weight. Suitable pharmaceutically
acceptable water-soluble, non-ionic synthetic block copolymers of ethylene oxide
and propylene oxide are listed in the NF Monograph “Poloxamer”. Preferred
copolymers in accordance with the invention include Lutrol® or Pluronic® F68, F87,
F108 and F127 (BASF Corporation). Very good results have been achieved with
Pluronic® F68. The coplymers have the following characteristics:

g *.5 AUG 2010
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—— ¥, % Weight Molecular Melting HLB

ol®; (Y, ther, NF Oxyethylen Welght Point Value

S~ e (D) °C) at 25°C
F&8 188 81819 7680-9510 52 29
F87 237 724418 6840-8830 49 24
F108 338 83.14 1.7, 12700-17400 57 27
F127 407 73.20 1.7 9840-14600 56 22

The pharmaceutidai dosage form of the invention expediently contains the
block copolymer in an amount of from 40% to 65% by weight of the nelfinavir
mesylate, preferably from 45% to 60%, and more preferably from 50% to 55% by
weight of the neifinavir mesylate.

The nelfinavir mesylate dosage form of the present invention is
advantageously produced by a hot melt granulation process. The hot meit
granulation process of the present invention comprises blending the neffinavir
mesylate and the copolymer, and heating the blend to a temperature of from the
copolymer melting point temperature to below the decomposition temperature of
nelfinavir mesylate. The hot meit granuiation process results in a melt granulation
which comprises granules of the drug embedded in the copolymer. The heated
blend is mixed until such melt granules are obtained. Preferably, the blend is
heated to a temperature at which the nelfinavir mesylate remains in solid form in
the nelfinavir mesylate-copolymer mixture. A jacketed mixer or a hot melt extruder

can be used to prepare a melt granulation.

One or more excipients can be included in the mixture of nelfinavir mesylate
and copolymer. The excipient can be selected from the group of stabilizers,
wetting agents, binders, disintegrants, diluents and solubilizers. Examples of
additives for inclusion in the neffinavir mesylate-copolymer mixture are povidone,
polyethylene glycol, and polyoxyethylene sorbitan esters of Ce-Cis fatty acids,
(e.g., Tween® 20, Tween® 80, and Tween® 80), etc. The heated blend is mixed
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and melt granules are formed, thus resulting ira fnalt granulation that includes
one or more pharmaceutically acceptable excipients. The melt granulation can
then be milled and mixed with one or more pharmaceutical excipients. The
exciplent added to the milled granulation can be selected from the group of
lubricants, disintegrants and diluents. The pharmaceutical excipient may be, for
example, microcrystalline cellulose, corn starch, magnesium stearate, etc.

The hot melt granulation process of the present invention comprises hot
melt granulating the nelfinavir with a pharmaceutically acceptable, water soluble,
non-ionic synthetic block copolymer of ethylene oxide and propylene oxide, the
copolymer having a melting point of at least 40°C , at a temperature of from the
melting point lemperature of the copolymer to below the decomposition
temperature of neffinavir mesylate. Preferably, the temperature is from 50§C to
852C, with thg proviso that the temperature be at least at the melting point
temperature of the copolymer. The melt granulation, prepared with or without any
additional pharmaceutical excipients, is then processed into a solid unit oral

dosage form.

For preparing tablets, the melt granulation can be processed into a solid
unit oral dosage form by milling, lubricating, compressing (tabletting), and,
typically, aqueous film coating. |

In an embodiment of the present invention, tablets are prepared as follows:

a) biend amorphous nelfinavir mesylate in an amount of from 400 mg to
700 mg (calculated as free base) per unit dosage with the copolymer of the
invention in an amount from 40% to 65% by weight of the nelfinavir

a

‘mesylate;

b) mix the powder blend from step (a) in a jacketed high shear
granulator at 60°+10°C with the proviso that the temperature be at least at
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c) mill the granulation from step (b) into a fine powder;

d) blend the milled granulation from step (¢) with other suitable tablet
diluents, such as corn starch and microcrystalline cellulose;

e) lubricate the granulation from step (d) with a suitable lubricant, such

as magnesium stearate;
f) compress the final blend from step (e) on a tablet press;
o)) aqueous film coat the tablet from step (f).

A pharmaceutical dosage form of the invention, can alternatively be
prepared by hot melt extrusion. Hot melt exirusion can be used to make molded
tablets.

The solid gral unit dosage form can be a tablet, capsule or caplet. The
pharmaceu-tical composition can include one or more pharmaceutically acceptable
excipients selected from the group of stabilizers, wetting agents, binders,
disintegrants, diluents, solubilizers and lubricants. For example, the excipient can
be microcrystalline cellulose, corn starch, magnesium stearate, povidone,
polyethylene glycol, and polydxyethylene sorbitan esters of Cg-C1g falty acids (e.q.,
Tween®20, Tween® 60 and Tween® 80), etc.
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EXAMPLES

5 Commercial Viracept® tablets were used in the present ‘Egan\i“ple.__w.‘_ -7 Qf' .
| R AVE AN B
Example ll: 625 mg Nelfinavir Mesylate Tablet - -

Composition _ mg/tablet
Nelfinavir Mesylate 730.625*
Crospovidone 240,000
Calcium Silicate 217.375
Purified Water q.s.
Magnesium Stearate 12.000

Tablet Weight 1200.000

10 * Equivalent to 625 mg of Nelfinavir free base
* Removed during processing

The tablet formulation of Example I} was produced by a conventional
aqueous wet granulation process.

15
Example lll: 625 mg Nelfinavir Mesylate Tablet
Composition mg/tablet
Nelfinavir Mesylate 730.625"
Crospovidone 100.000
Dibasic Calcium Phosphate, 169.375
Anhydrous
Purified Water q.s.*
Magnesium Stearate 10,000
Tabiet Weight 1010.000
* Equivalent to 625 mg of Nelfinavir free base
20 = Removed during processing

¥ 5 AUG 2010
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. d.,‘Fﬁe‘tgblét formulation of Example Ill was produced by a conventional

R

TN L ‘
.agdedlis-wét granulation process.

Example 1V: 625 mg Nelffinavir Mesylate Tablet of the Invention

5
Composition mg/tablet
Kernel:
Nelfinavir Mesylate 730.625*
Poloxamer 188 (Lutro!® F&8) 304.375%
Corn Starch §0.000
Magnesium Stearate 7.000
Kerngl Weight 1192.000
Film Coat:
HPMC 2910 -6 cps 7.341
Pharmacoat 603 10.500
Talcumn 5.969
Titanium Dioxide 5.682
Red Iron Oxide 0.048
Yellow Iron Oxide 0.048
Aguacoat ECD-30 5.987**
Triacetin 2425
Purified Water 13B.030™**
Total Weight 1230.000

* Equivalent to 625 mg of Nelfinavir free base

- Approximately 54% wiw of Nelfinavir Mesylate

b Based on dry basis-solids content of a 30% suspension

10 e Removed during processing; this amount of water does not include the

amount of water present in Aquacoat ECD-30

The tablet formulation of Example IV was produced using a hot melt
.15 granulation process, as follows: '
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Step 1) Nelfinavir mesylate and Lutrol® F68 were mixed in a jacketed high
shear granulator with a temperature setting at 25°+5°C for 5 minutes using
impeller at low speed and chopper at low speed.

Step 2) The jacketed temperature was raised to 60°+10°C with the proviso
that the temperature was at least at the melting point temperature of the Lutrol®
F68, while mixing of the powder blend (step 1) in the high shear granulator was
continued using impeller at low speed and chopper at low speed until a suitable
granulation was obtained, at which time the impeller and chopper were turned off.

Step 3) The heat to the jacket was tumed off. The product was cooled to
room temperature by passing tap water (25°+5°C) into the jacketed vessel, with
intermittent jogging of both impeller and chopper at low speed.

Step 4) The granulation from step 3 was passed through a mill.

Step 5) Approximately 50% of the milled granulation from Step 4 was placed
into a twin shell blender. Comn starch and magnesium stearate (passed through a
#30 mesh stainless steel screen) were added into the blender. The remainder of
the milled granulation from step 4 was added to the blender and mixed for 8

minutes.

Step 6) The granulation from step 5 was compressed into a tablet containing

neffinavir mesylate, 625 mg (as free base).

Step 7) The coating suspension was prepared as follows: In a stainless steel
container, triacetin and Aquacoat ECD-30 were dispersed in purified water using a
propeller mixer, mixing for 45 minutes. HPMC 2910-6 cps, Pharmacoat 603,

talcum, titanium dioxide, yellow iron oxide and red iron oxide were _addé,d' and‘“‘:x\
b .
- -~
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\iCentinued for another 60 minutes or until a uniform suspension was obtained.
Step 8) The kernels from step 6 were placed into a perforated coating pan.
They were heated with warm inlet air of 50°+3°C with intermittent jogging until the

outlet air temperature rgached 38°+3°C.

Step 9) The inlet air temperature was increased to 60°+3°C. The kernels
from step 8 were sprayed with the coating suspension from step 7, stirred
continuously, using an air spray system and maintaining the outlet air temperature
at 38°+3°C. The film coat, 38 mg per tablet, was applied (range 35-41 mg on a
dry basis).

Step 10} The inlet air temperature was reduced to 40°+3°C and the coated
tablets were dried by jogging until the loss on drying of the tablets at S0°C was
less than 1.8%. The heat was turned off and the tablets were cooled to room

temperature by occasional jogging.

Example V: 625 mg Neffinavir Mesylate Tablet of the Invention

Composition mg/tablet
Kernel:
Nelfinavir Mesylate 730.625"
Poloxamer 188 (Lutrol® F68) 394.375**
Microcrystalline Celiulose 40.000
Corn Starch 20.000
Magnesium Stearate : 7.000

Kernel Weight 1192.000

Film Coat:
HPMC 2910 -6 cps 13.140
Taleum 4.085
Titanium Dioxide . 4,084
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FD&C Blue #2 0.591
Aquacoat ECD-30 4.400*
Triacetin 1.700
Burified Water 117.290*
Total Waeight 1220.000

* Equivalent to 625 mg of Nelfinavir free base

- Approximately 54% w/w of Nelfinavir Mesylate

bl Based on dry basis-solids content of a 30% suspension

- Removed during processing; this amount of water does not include the
amount of water present in Aquacoat ECD-30

The melt granulation method set forth in Example IV was used with the
composition amounts set forth in the table above for the present example.
Differences in the tablet coating are reflected in the following steps numbered 7
and 9 that here replace steps 7 and 9 of Example V.

The coating suspension. was prepared as follows: In a stainless sieel
container, triacetin and Aquacoat ECD-30 were dispersed in purified water using a
propeller mixer, mixing for 45 minutes. HPMC 2910-6 cps, talcum, titanium dioxide
and FD&C Blue #2 were added and slowly dispersed, while mixing gently to avoid
air entrapment. Mixing was continued for another 60 minutes or until a uniform

suspension was obtained.

The inlet air temperature was increased to 60°+3°C. The kernels from
step 8 were sprayed with the coating suspension from step 7, then stirred
continuously, using an air spray system and maintaining the outlet air temperature
at 38°+3°C. The film coat, 28 mg per tablet, was applied (range 25-31 mg on a dry

basis).

TN & 5 AUG 2018
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Compaosition mg/tablet
Nelfinavir Mesylate 730.625*
Poloxamer 188 (Lutrol® F&8) 182.656*
Corn Starch 102.616
Magnesium Stearate 10.262
Tablet Weight 1026.159

* Equivalent to 625 mg of Nelfinavir free base

S Approximately 25% w/w of Nelfinavir Mesylate

The tablet formulation of Example VI was produced by hot melt granulation,

as follows:

Nelfinavir mesylate and Lutrol® F68 were blended in a mixer for 10

minutes.

‘The powder mixture from step 1 was added to a jacketed hot melt extruder
set at 80°:5°C while thorough mixing was continued until a uniform melt mixture

was obtained.

Steps 3 to 6 under Example IV were then followed as steps 3 to 8 of the
present example. -
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Example VII: 625 mg Nelfinavir Mesylate Tablet

Composition mg/tablet
Nelfinavir Mesylate 730.625*
Poloxamer 188 (Lutrol® F&8) 243542
Com Starch 109.457
Magnesium Stearate 10.946

Tablst Weight 1094.570

” Equivalent to 625 mg of Nalfinavir free base
5 b Approximately 33% w/w of Nelfinavir Mesylate

The same hot meit granufation procedure was followed as described in

Example VI.
10
Example Vill: 625 mg Nelfinavir Mesylate Tablet of the Invention
Composition mg/tablet
Nefifinavir Mesylate 730.625*
Poloxamer 188 {Lutrol® F&8) 343.824*
Comn Starch 120.725
Magnesium Stearate 12.073
Tablat Welght 1207.247 __J
* Equivalent to 625 mg of Nelfinavir free base
" 15 "~ Approximately 47% w/w of Nelfinavir Mesylata
The same hot melt granulation procedure was followed as described in
Example VI.
20

"B 5 AUG 2010
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“Composition mg/tablet

Nelfinavir Mesylate 730.625*
Poloxamer 188 (Lutrol® F&8) 443.215*
Corn Starch 131.892
Magnesium Stearate 13.189
Tablet Weight 1318.921

* Equivalent to 625 mg of Nelfinavir free base
* Approximately 61% w/w of Nelfinavir Mesylate

The same hot melt granulation procedure was followed as described in

Example V1.

Example X: Dissolution Testing

Tablet formuiations containing nelfinavir mesylate (Examples I-{X) were
evaluated for dissolution in 900 mL of 0.1N hydrochloric acid solution equilibrated
at 37°:0.5°C using a paddle method (USP Appafatus 2} at 50 rpm. Sample
aliquots were taken at different time intervals and analyzed by UV
spectrophotometry.

Figure 1 presents dissolution profiles of 625 mg tablet formulations of
neffinavir mesylate which do not contain the block copolymer of the present
invention (Examples Il and 1) compared to that of the 250 mg market (tablet)
formulation (Example 1). The dissolution profiles of 625 mg nelfinavir mesylate
tablets without block copolymer (Examples 1 and Ill) were significantly slower and
less complete than that of the 250 mg market (tablet) formulation (Example I). The
tablet formulations of Examples I! and lll contain conventional excipients and
were produced by a conventional aqueous wet granulation process.
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the dissolution profitles of 625 mg nelffinavir mesylatetib’f?_ti in.accordance with
the invention (Examples |V and V) were significantly faster and essentially
complete compared to the dissolution profiles of the 625 mg nelfinavir mesylate
tablets which were prepared using conventional pharmaceutical excipients and a

o) L
As shown in Figure 2, the results of the di ;}btiof;a evguxatiqﬁ irdicate that

conventional aqueous wet granulation process (Examples Il and IlI).

The dissolution profiles of tablets of Examples VI through I1X are shown in
Figure 3. The results indicate that the concentration of block copolymer plays a
significant role with respect to the rate and completeness of dissolution of
nelfinavir mesylate. Examples V! and VIl contain Poloxamer 188 in an amount of
25% and 33% by weight of nelfinavir mesylate, respectively. Examples Vil and
IX, which contain Poloxamer 188 in an amount of 47%, and 61% by weight of
nelfinavir mesy!até. respéctively, show faster and more complete release.

Examgie Xl: Pharmacokinetic Testing

Nelfinavir mesylate 250 mg tablets of the market formulation {(Example I)
and nelfinavir meéylate 625 mg tablets of the inventibn (Example 1V) were
evaluated for bioavailability in man. Each subject was administered a number of
tablets of the given formulation totaling 1250 mg of nelfinavir mesylate (calculated
as free base). In this study, 13 blood samples were drawn for each
pharmacokinetic profile, i.e. at pre-dose, and at 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 18,
and 24 hours after administration of the drug. Venous blood samples of
approximately 5 mi were collected into heparinized tubes. Plasma was separated
by centrifugation at 1500 g and 4°C for 10 minutes, within 60 minutes of drawing
the blood. Plasma samples were subsequently stored at -20°C until analysis.
Nelfinavir content in the plasma samples was determined by liquid
chromatography - tandem mass spectrometry (LC-MS/MS). The limit of
guantification was set to 4 ng/ml.

> 5 AUG 2010
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“~~The p‘l% ma concentration versus time profiles were used for the estimation

' Tfrarrﬁ’/ '
of—p acokinetic parameters. Standard non-compartmental methods were

applied using the software WinNonlin 3.1. The pre-dose sampling time of a profile
was set to zero and the post-dose sampling times were used as actual times. The

following parameters were estimated:
Cmax, maximum observed plasma concentration

tmax, time of maximum observed plasma concentration

AUCq.24n, calculated using WinNonlin computational rules for partial AUCs
and the linear trapezoidal rule

AUCq 1y, calculated by AUCust + (Cist)/k), where an assessment of k
(terminal elimination rate constant) was feasible

t12, terminal half-life, calculated by Ln (2) / k, where an assessment of k
was feasible

The results of this bioavailability evaluation are given in Table | below.
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Median (Min - Max)

5275 (2520 - 9590)

(Examp
compared to 5 x 250 mg tablets of the market formulation (Example ) T
_Nelfinavir 1250 mg (based on the free base)
Parameter (Unit) Example | Example IV
N=12 N=12

AUC.04{x 10° hr ng/mL) :

Median (Min - Max) 43.5 (21.1 - 88.7) 37.0 (27.5 - 73.2)
|Mean 44.4 42.3

Geometric Mean 418 40.0

CV% 38.6 37.4

Cumax (ng/mL)

48585 (3680 - 8450)

Mean 5248 5200
Geometric Mean 4971 5042
CV% 348 577
tmax {hr)

Median {Min - Max) 4.0 (3.0-8.0) 4.0 (2.0 -6.0)
Mean 4.1 4.0 .
CV% 26.5% 35.4%
AUCom (x 10° hr ng/mL)

Median (Min - Max} 45.3 (21.7 - 98.2) 37.8 (28.5- 77.7)
Mean 46.5 43.7
Geometric Mean 43.5 41.1
CV% 41.2% 39.7%

ti (hr)

Median {(Min - Max) 4.4 (3.3-6.8) 3.9 (3.0-5.7)
Mean 4.5 39
Harmonic Mean 43 38
CV% 24.9% 22.0%
*With food

The data reported in Table | and plotted in Figure 4 indicate that the
bioavailability in man of 2 x 625 mg nelfinavir mesylate tablets of the invention

(Example 1V} was comparable to that of 5 x 250 mg tablets of the market

formulation (Example 1) when administered with food. The present invention

advantageously provides high dosage solid unit oraj pharmaceutical compositions

of nelfinavir mesylate having satisfactory dissolution and bicavailability.

o

L5 AUG 2010
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Claims

\'L‘—'A solid unit oral pharmaceutical dosage form of amorphous nelfinavir

mesylate comprising amorphous neffinavir mesylate , and a pharmaceutically
acceptable, water soluble, non-ionic synthetic block copalymer of ethylene oxide
and propylene oxide, said copolymer having a mefting point of at least 40°C.

2. The dosage form according to claim 1, wherein said copolymer is
present from 40% to 65% by weight of the nelfinavir mesylate.

3. The dosage form according to claims 1 or 2, wherein said copolymer
has a melting point of 40°C to 80°C.

4. The dosage form according to claims .1 to 3, wherein said copolymer
has a HLB value at 25°C of at least 14 .

5. The dosage form according to claim 4, wherein said copolymer has a
HLB value at 25°C of 14 t0 29.

6. The dosage form according to claims 1 to 5, wherein said copolymer
has an ethylene oxide content of at least 70 % by weight.

7. The dosage form according to claims 1 to 6, having a content of
nelfinavir mesylate, calculated as nelfinavir base of 400 mg to 700 mg.

8. The dosage form according to claims 1 to 7, further comprising a
pharmaceutically acceptable excipient selected from the group consisting of
stabilizers, wetting agents, binders, disintegrants, diluents, solubilizers, and

lubricants.
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capsule or a caplet.
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The dosage form éccording to claims 1 to B, which

cr

A process for making a solid unit oral pharmaceutical dosage

5 according to claims 1 to 8, comprising the steps of:

(a)

10

{b)
(€)

15

1.

heating a blend comprising amorphaous nelfinavir mesyiate and the
phamaceutically acceptable, water soluble, non-ionic synthetic block
copolymer of ethyiene oxide and propylene oxide, said copolymer
having a melting point of at least 40°C, at a temperature of from the
melting point temperature of the copolymer to below the
decomposition temperature of nelfinavir mesylate,

mixing the blend to form a melt granulation, and

processing the melt granulation into said dosage form of amorphous
nelfinavir mesylate.

Soalid unit oral pharmaceutical dosage form according to claims 1 to 9

for use in therapy.

12.

Solid unit oral pharmaceutical dosage form according to claim 10 for

20 use in the treatment of HiV mediated diseases.

*kh
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ABSTRACT: A systematic study of the properties of ritonavir and the influence of. polyethylen
glycol 8000 (PEG) on ritonavir revealed that amorphous ritonavir dispersions in PEG would
have an improved dissolution profile and could exhibit long-term stability. Ritonavir, a human
immunodeficiency virus (HIV) protease inhibitor, is highly lipophilic [distribution coefficient
(log D)= 4.3, 25°C, pH 6.8), poorly water soluble (400 pg/mL in 0.1 N HCI, 1 pg/mL at pH 6.8, 37°C),
and exhibits an exceedingly slow dissolution rate (0,03 mg/cm®min in 0.1 N HC! at 37°C). These
properties indicated that a solid dispersion containing ritonavir might be useful for overcoming
problems associated with slow dissolution. In addition, ritonavir is B good glass former [glass-
transition temperature (Tp)/melting point (Ty,) > 0.7]. Amorphous ritenavir has an apparent
solubility of 4 mg/mL in 0.1 N HC! at 37°C and shows reasonable stability at 25°C. Amorphous
ritonavir, therefore, has properties desirable for preparing a solid dispersion containing this phase.
Since PEG, a commonly used polymer, improved the agueous solubility of crystalline ritonavir, it
was expected to have a positive influence on the dissolution rate of ritonavir. Moreover, PEG was
found to have negligible plasticizing effect on amorphous ritonavir, which was beneficial for the
stability of the dispersion. Finally, solid dispersions of amorphous ritonavir in PEG were prepared,
‘and these dispersions had improved in vitro dissolution rate and were physically stable for > 1.5
years at 25°C when protected from moisture. The performance of this solid dispersion has been
attributed to the physicochemical properties of amorphous ritonavir. @ 2001 Wiley-Liss, Inc. and
the American Pharmaceutical Association J Pharm Sci 90:1015—-1025, 2001

Keywords: solid dispersion; ritonavir; PEG; amorphous; physical stability

INTRODUCTION ment of autoimmune deficiency syndrome (AIDS).

Ritanovir is practically insoluble in water' and
Ritonavir, (5S-(5R*,8R* 10R* 11R*))10-hydroxy- could potentially exhibit dissclution rate limited
2-methyl- 5-(1-methylethyl)-1-(2-(1-methylethyl)- absorption.

4-thiazolyl)-3,6-dioxo-8,11-bis(phenylmethyl)-2,4, There have been numerous publications citing
7,12-tetraazatridecan-13-oic  acid, 5-thiazolyl- dissolution rate improvement of poorly soluble
methyl ester, is a human immunodeficiency virus drugs through the production of solid disper-
(HIV) protease inhibitor indicated for the treat- sions.?® Since the 1960s, there have been > 400

publications investigating various aspects of solid
dispersions, however, there are very few mar-

Correspondence to: D. Law {(Telephone: 847-937-7231; Fax: R - :
847-938-4434; E-mail: devalina law@abbott,com) keted products ut11;21ngbthls techpology. This poor
Journal of Pharmaceutical Sciences, Vol. 90, 10151025 {2001) success rate has often been attributed to Froces-
© 2001 Wiley-Liss, Inc. and the American Pharmaceutical Association sing difficulties or to physical instability.® When

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 90, NO. 8, AUGUST 2001 1015
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attempting to prepare a dispersion of an amor-.
phous drug in a hydrophilic pelymer, poly(vinyl-
pyrrolidone) (PVP) and poly(ethylene glycol}
(PEG) are most commonly used.®~" The PVP poly-
mers are more difficult to process, but their ability
to stabilize the amorphous phase has been well
documented.? On the other hand PEG polymers
are easier to process, but amorphous drugs are
often unstable in this polymer.*®!° There are
very few examples of PEG—amorphous drug solid
dispersion systems,*'*? and long-term stability
data on these systems have not been reported.

In this study, the physicochemical properties of
ritonavir were investigated to assess the feasi-
bility of amorphous solid dispersion in PEG. Then,
the dispersions were prepared and characterized
to test the validity of the assessment.

EXPERIMENTAL SECTION

Materials

Ritonavir was manufactured by the Speciality
Products Division of Abbott Laboratories. PEG
8000 {Carbowax, Union Carbide, Danbury, CT),
absolute ethanol (McCormick Distilling Com-
pany, Weston, MO), and purified and deionized
water (Millipore, Bedford, MA) were utilized in
this study. All HPLC solvents were HPLC grade
and all other chemicals were of analytical reagent
grade.

High-Performance Liquid Chromatography (HPLC)

The HPLC system was comprised of a ternary
pump (SP 8800-010, Spectra-Physics, San Jose,
CA), an autosampler (AS4000, Hitachi Instru-
ments, Danbury, CT), a programmable ultraviolet
{UV) detector (7834, Applied Biosystems, Foster
City, CA), a data acquisition system (PeakPro
version 8.3.1, Beckman Instruments, Fullerton,
CA), and 2 3 um, 4.6 x 500 mm column (Little
Champ II, Regis, Morton Grove, IL). The mobile
phase was 0.1% trifluoroacetic acid, 10 mM
tetramethylammonium perchlorate (TMAP)/
acetonitrile/methano! (55:40:5) pumped at a flow
rate of 1 mL/min, and the efluent was monitored
at 205 nm.

lonization Constant (pK,)

The pK, values were determined spectrophotome-
trically in methanol/buffer solutions with linear

IO IRNAL OIF PHARMACFLITICAL SCIENCFES VN1 an N0 8 AUGUST 2001
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extrapolation to aqueous pH values. The buffer
solution was comprised of 0.05 M c-amino-n-
caproie acid and 0.05 M phosphaoric acid, adjusted
to the appropriate pH, with hydrochloric acid or
potassium hydroxide, and to 0.15 M ionic strength
{w) with potassium chloride. Details of the method
have been previously reported.!?

Distribution Coefficient (Log D)

The n-octanol-pH 6.8 buffer (0.05 M phosphate,
n=0.15 adjusted with NaCl) distribution coeffi-
cient was determined by a shake flask method
at 25°C. The phosphate buffer was equilibrated
with n-octanol. The two phases were separated,
and ritonavir (~2 mg/mL) was dissolved in the
organic phase. To 1 mL of this solution, 2 mL of
buffer was added, and the two phases were
equilibrated overnight with mild agitation in a
water bath maintained at 25°C. The two phases
were physically separated, and both the buffer
and the n-octanol phases were analyzed by HPLC.

Intrinsic Dissolution Studies (IDR)

Ritonavir (~65 mg) was compressed at 1000 1bf in
a hydraulic press (model C, Carver Laboratory
Press, Menomonee Falls, WI} using a 30-ls dwell
time. The method and the apparatus have been
described previously.'* The dissolution studies
were performed in 0.1 N HCl maintained at 37°C.
Samples were withdrawn at predetermined
intervals, replaced with dissolution medium, and
analyzed by HPLC.

Preparation of Amorphous Ritonavir

Amorphous ritonavir was prepared by heating the
drug to 135°C in an oil bath, followed by rapid
cooling using liquid nitrogen or cold water. The
resulting sample was amorphous as determined
by powder X.ray diffraction, and HPLC analysis
confirmed that no degradation had occurred
during the procedure.

Solid Dispersion Preparation

Two types of dispersions were prepared: PEG in
ritonavir and ritonavir in PEG. Dispersions of 5-
25% PEG in ritonavir were prepared by rapidly
evaporating ethanolic solutions of ritonavir and
PEG, and the glass transition temperatures (T;s)
were measured to investigate the miscibility of
PEG in ritonavir.
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Analysis version 2.5H, TA Instruments) and

. refrigerated cooling accessory (RCS). The DSC

" cell and the RCS were purged with dry nitrogen,
Baseline calibration was performed by heating
the empty cell from —20 to 300°C at 10°C/min.
Heat flow calibration with indium and a three-
point temperature calibration with 1nﬁnﬁ’ ﬁu; /‘\/
and biphenyl were performed at a heatin )
10°C/min. The temperature-moghl&fed DSC “\yO ~
(TMDSC) runs were cahbrate}i by sgannmg? 20 S WA
mg of sapphire at 1°C/min with 1% ﬁ}oﬁul&tmn f@ “-ﬂ >4
amplitude of +1°C and a period( of G’G&s ’I‘he'a 1%
samples (~5-9 mg) were prepa?ﬁ'dtm 20- ﬁ’%pans" _‘) @ ;
(Perkin. Elmer, Norwalk, CT) with Apin holdant, & °

scanned using the same modul‘atﬁ» ﬁe@pelj}}ur;/ /

Solid dispersions containing 10, 20, and 30%
ritonavir in PEG were prepared by the solvent
evaporation—fusion technique.’® An ethanolic
solution of ritonavir (~0.13 mg/mL) in a round-
bottomed flask was warmed in a water bath (75°C)
until a clear solution was obtained. The required
amount of PEG was then added, and the mixture
was warmed for 30 s in the water bath and
vigorously mixed. The flask containing the drug—
polymer-solution was then attached to a rotary
evaporator (Model R114, Buchi, Switzerland).
Ethanol was removed under vacuum at 75°C.
After 15 min, the hot-water bath was replaced
with an ice-water bath to congeal the mixture.
After another 15 min, the ice-water bath was
removed but the vacuum was maintained for 6 h.

The resulting white solid was removed from the
round-bottomed flask, transferred to a crystal-
lization dish, and placed in a vacuum oven at
room temperature for ~10 h to remove any
residual ethanol. The dispersions were then
ground with a mortar and pestle and sifted.
Particles between 149 and 420 pm were used for
further studies. Placebo solid dispersion was
prepared by the same method.

Powder X-ray Difiraction (PXRD)

The diffractometer (XDS 2000, Scintag, Sunny-
vale, CA) consisted of a 4 kW generator (voltage
45 kV and current 40 mA) with a Cu anode tube. A
liquid-nitrogen-cooled Ge detector (GLP-10195/
07-S, EG&G ORTEC, Oak Ridge, TN) and data
analyzer (DMSNT Data Analysis version 1.27,
Scintag) were used. The samples were placed on a
quartz plate and scanned at a rate of 10°20 per
minute.

Differential Scanning Calorimetry (DSC)

Thermal transitions were determined by DSC
(DSC30 using STAR® software, Mettler Instru-
ment, Hightstown, NJ). The samples (~8 mg)
were sealed in 40-uL: aluminum pans (Mettler
Instrument) with a single hole punched in the lid.
The reference and the sample pans were identical.
The sample was scanned at 10°C/min with a 50-
mL/min nitrogen purge. A trimetal standard
(indium/lead/zinc) was used for temperature
calibration. The time constant and the heat flow
calibrations were performed using indium.

The DSC experiments were also performed
with a DSC 2920 (TA Instruments, New Castle,
DE) equipped with a data analyzer (Universal

Jon

program that was used for cal
modulated heat flow and the modulat Esg,:::i:;/
ture curves were checked for the a

sine wave distortion. The presence of > 6 cycles
through the glass transition was insured. The Tgs
of dispersions containing 5—25% PEG in ritonavir
were determined by TMDSC.

Hot Stage Microscopy (HSM)

Thermal transitions were also observed using a
polarizing microscope (Optiphot, Nikon, Melville,
NJ) equipped with a hot stage (FP82HT stage
and FP90 processor, Mettler Instruments, High-
tstown, NdJ). The samples were placed on an
appropriate microscope slide, heated from 30 to
70°C at 10°C/min, and then held isothermally at
70°C to observe crystal growth,

Moisture Sorption

Moisture sorption isotherms were determined at
25°C using a vacuum microbalance (MB-3000G,
VTI Corporation, Hialeah, FL). Sample sizes
ranged from 50 to 100 mg. The balance was
calibrated prior to each experiment, and the
accuracy of the percent relative humidity (RH)
was periodically examined by determining the
amount of moisture absorbed by Povidone K90 at
80% RH and 25°C. Typical operating parameters
for the moisture balance included drying the
sample at 25-50°C and ~0.3 mmHg before
determining the moisture sorption isotherms in
5 or 10% RH intervals.

Solubility Studies

Solutions containing 0—-65% (w/v} PEG in 0.06 M
phosphate buffer (pH 6.8) and 0.1 N HCl were
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prepareq ~Excess r1tonav1r }wa.sj ded to each of
these solu ‘fmné’“and "the-gampled were rotated at
20 rpm in T Water bath,mal ined at 37°C for 48
f1. The samiple 2d through a 0.45-um
syringe filter, diluted, and analyzed by HPLC.
The apparent solubility of amorphous ritonavir
was determined by adding excess solid to 0.1 N
HCL The sample was rotated at 25 rpm in a water
bath maintained at 37°C. At predetermined
intervals, an aliquot was withdrawn, filtered
through a 0.45-pm syringe filter, diluted, and
.analyzed by HPLC. At the end of the experiment,
the excess solid phase was analyzed by PXRD.

Physical Stability Studies

The physical stability of the 30% drug load
dispersion was monitored for > 1.5 years at
25°C. The samples were stored in desiccators over
either anhydrous calcium gulfate (Drierite, W.A.
Hammond, Xenia, Ohio) and a saturated NaBr
solution (57.5%RH). Periodically samples were
removed and examined for ritonavir crystals by
DEC and HSM.

Potency and United States Pharmacopoeia (USP)
Dissolution Studies

The potency of the dispersions was determined by
HPLC. The dissolution experiments of ritonavir
dispersions, physical mixtures, and crystalline or
amorphous ritonavir were performed in 900 mL of
0.1 N HCI at 37+£0.5°C using USP apparatus I,
basket method at 50 rpm. An equivalent to 100 mg
of ritonavir was used in each dissolution bath.
Samples were withdrawn at predetermined inter-
vals and filtered through a 0.45-uym syringe filter.
The first few milliliters of the sample were
discarded and the remainder was assayed by
HPLC.

RESULTS AND DISCUSSION

Properties of Ritonavir

The chemical structure in Figure 1 shows that
ritonavir is a large, peptide-like molecule (MW
721 g/mol). The neutral form is extremely
lipophilic, as illustrated by the log D value of 4.3
at pH 6.8. The pK, values for the two weakly basic
thiazole moieties are 1.8 and 2.6. The amide and
the alcohol moieties are expected to ionize at a
highly alkaline pH and, therefore, are not con-
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Chemical structure of ritonavir.

Figure 1.

sidered to be physiologically relevant. Ritonavir
would exist as a dicationic species in the stomach.
However, in the intestine where the pH is 5.4-
7.5,'® the molecule would be primarily un-ionized.
The solubility of ritonavir at 37°C drops from
400£10 pg/mL in 0.1 N HCI to 1£0.02 pg/mL at
pH 6.8 buffer, which is consistent with the
ionization of the molecule. Although the sclubility
in 0.1 N HClis 400 pg/mL, the IDR value is only
0.0340.001 mg/ecm%min. Compounds with IDR
< 0.1 mg/min/em? usually exhibit dissolution-
rate-limited absorption,’” and dissolution rates
may be improved through the preparation of
solid dispersion;??® therefore, ritonavir is a classic
candidate for solid dispersion systemas.

The apparent solubility of amorphous ritonavir
in 0.1 N HCI reaches a maximum of ~4 mg/mL,
which is 10 times higher than the crystalline
phase (Figure 2). This improvement in apparent
solubility, though not surprising, suggested that
the preparation of solid dispersions containing
the amorphous phase would be advantageous.
Because physical stability is a major concern with
any amorplous gystem, investigation of addi-
tional properties of amorphous ritonavir was
necessary.

Apparent Sciubility gl

0 20 40 60 ae w £20 140
Time (h)

Figure 2. Apparent solubility of amorphous rito-
navir. The line has no significance.
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Figure §. DSC of (a) crystalline and {b) amorphous ritonavir.

Figure 3 shows that the melting point (T,,) of
ritonavir is 118°C, and the T, is 51.5°C. When
amorphous ritonavir is heated above T, at a rate
as low as 1°C/min, amorphous ritonavir does not
crystallize spontaneously. In comparison, griseo-
fulvin, which has been used as a model compound
for > 60 publications invelving solid dispersions,
readily crystallizes when heated at < 10°C/min."®
This observation suggests that amorphous rito-
navir is more difficult to crystallize than griseo-
fulvin.
The glass-forming tendency is related to the
ease with which the glassy state can be obtained.
A measure of glass forming tendency is given by
the ratio T,/Twm, and for an “excellent glass
former”, Tg/Tm > 0.7.1? Therefore, ritonavir, with
Ty/T, =0.82, is expected to be an excellent glass
former. The following properties of amorphous
ritonavir are amenable for the preparation of solid
dispersions containing amorphous ritonavir: high
apparent aqueous solubility, glass forming ten-
dency, and reasonable physical stability. Next,
the potential influence of the polymer on the drug

properties was evaluated.
PEG-Ritonavir Interactions

Because PEG can be easily processed, it is a
common solid dispersion carrier, The properties of

P>

PEGs have heen extensively discussed elsewhere
and will not be reported here.? % Briefly, PEG
B0OGO is a primarily crystalline polymer with a
melting point of ~60°C. It is highly water soluble
and has a rapid dissolution rate. PEG contains
~10% amorphous phase, and the T of this phase
is ~—100°C.2

Figure 4 shows the solubility of crystalline
ritonavir is markedly improved by PEG. The
results demonstrate the presence of ritonavir-
PEG interactions in aqueous solutions. Such

1.5
.
g 1.0
£ ¢
g ¢
z
El .
E 0.5 (a) g » . é
. e ®
) o
n,ou—o——f-(b—" —a. .2 r
[ 1 20 30 0 50 80 70
% PEG {wiw)

Figure 4. The effect of PEG on the solubility of
crystalline ritgnavir in (a) 0.1 N HCl and (b) pH 6.8

buffer.
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phase interactions § that PEG may

improve the dissolution rate of ritonavir.

In the solid state, PEG-drug interactions
resulting in the formation of solid solutions have
also been reported.®2%2% The formation of a solid
solution leads to the destruction of the crystal
Iattice of the drug and a partial disruption of the
lattice of the carrier. Solid solutions, therefore,
exhibit markedly improved release profiles.
Solid solutions are formed when the strength of
interaction between unlike components is stron-
ger than like components.®” This drug—carrier
interaction leads to a stable dispersion. However,
the reported solubility limit for these drugs in
solid PEG has been < 10%(w/w);2* therefore,
ritonavir—-PEG solid solution formation would
impose a serious limitation on drug load.

In the absence of a solid solution, either a two-
phase crystalline system (eutectic mixture) or a
dispersion of amorphous ritonavir in crystalline
PEG matrix is possible. In the former case, the
presence of crystalline ritonavir in the dispersion
would eliminate concerns regarding physical
stability and the eutectic point would define the
drug load. In the latter case, although drug loads
higher than that achieved through the formation
of solid solution may be possible, the residual
amorphous regions in PEG could plasticize rito-
navir if miscible. Therefore, the potential for this
miscibility was investigated.

The T; of freshly prepared amorphous PEG-
ritonavir samples {cf. Figure 5) decreased from 51
to 13°C as the amount of PEG increased from 0 to
25% (w/w). It was difficult to prepare a one-phase

system containing 30% PEG in ritonavir. This

decrease in T clearly establishes the potential for
PEG to act as a plasticizer. However, in < 7 days,
the 15—-25% dispersions underwent phase separa-
tion. The TMDSC of the phase-separated samples
showed a PEG melting endotherm, but the
ritonavir melting endotherm was absent. HSM
confirmed that although PEG had erystallized,
ritonavir was still amorphous. Efforts at deter-
mining the T, of the 15-25% phase-separated
samples were unsuccessful because PEG melting
begins at ~40°C; therefore, the overlapping Ty
and T, of the two phases could not be separated.
Figure 6 shows TMDSC thermograms of amor-
phous ritonavir and the 15% phase-separated
dispersion of PEG in ritonavir. These data
suggest that amorphous PEG and amorphous
ritonavir are miscible; however, at PEG fractions

"
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 90, NC. 8, AUGUST 2001
sl

T(°C)
8

[} . —_— T T \
o 5 10 15 20 25
% [wiw} PEG

Figure 5. Plasticization of ritonavir by PEG.

>15%, there is phase separation. This phase
separation inhibits plasticization by PEG and is
expected to be beneficial for the stability of the
dispersion. Moreover, the amorphous phase in the
phase-separated dispersions would have a T,
closer to that of pure ritonavir.

Solid Dispersion Properties

Figure 7 shows a DSC thermogram of a physical
mixture containing 10:90 crysfalline ritonavir—
placebo dispersion. This thermogram exhibits two
endotherms, one for the melting of PEG and a
second very shallow endotherm indicating the
presence of crystalline ritonavir. The DSC ther-
mograms of solid dispersions containing 10, 20, or
30% ritonavir show a single melting endotherm
for PEG (data not shown). When the dispersions
were heated just above the melting point of PEG
and observed under the microscope, no crystalline
ritonavir was detected. However, when the melt
was held at 70°C for > 3 min, crystal growth
occurred.

A comparison of the PXRD pattern (Figure 8) of
a physical mixture with that of the 10% dispersion
shows the presence of ritonavir peaks in the
physical mixture, The 10, 20, and 30% solid
dispersions and the ritonavir sample prepared
by the melt-quench method were all X-ray
amorphous with respect to ritonavir.

The DSC, HSM, and PXRD observations sug-
gested that the dispersions consisted of amor-
phous ritonavir and crystalline PEG. Hot-stage
microscopy was found te be the most sensitive
technique for detecting crystalline ritonavir in the
dispersions. The presence of amorphous ritonavir
in the PEG matrix established that the system
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Figure 8. PXRD of (a) crystalline ritonavir; (b) a physical mixture containing 10:90
ritonavir—placebo, with arrows indicating the presence of crystalline ritonavir; and
solid dispersions containing (c) 10% {(d) 20% and (&) 30% ritonavir.

was hot a eutectic mixture. Dispersions contain-
ing the amorphous drug would be expected to
have improved dissolution profiles.

The data in Figure 9 compares the dissolution
profiles of the dispersions with the physical
mixture. The dispersions markedly improved the
dissolution rate of ritonavir; however, the 20 and

&)

100 <
()
80
(1]
a
£
20
(a}
] T T T —— v —
] 10 0 30 40 30 &0
Time {min)

Figure 9. In vitro dissolution in 0.1 N HCI of (a)
physical mixture containing 10:90 ritonavir—PEG, and
solid dispersions of (b}10%, (c) 20%, and (d) 30%
ritonavir, The data for 20% dispersion is an average of
two runs, whereas the others are average of three runs.
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30% dispersions showed incomplete release. The
most common cause of incomplete release would
be recrystallization of the amorphous phase. At
the conclusion of these dissolution studies, the
residual material isolated from the dissolution
bath appeared as a gelatinous mass. After drying,
the material did not exhibit birefringence when
viewed under a polarizing microscope at room
temperature or at 70°C, indicating the absence of
crystalline ritonavir. Therefore, it was concluded
that the incomplete release of ritonavir was not
due to recrystallization of the amorphous phase.
Dissolution studies for the crystalline and
amorphous ritonavir in the presence and absence
PEG are shown in Figure 10. Contrary to ex-
pectation, the dissolution rate of the amorphous
phase was significantly slower than the crystal-
line counterpart under these conditions. Again,
the amorphous material formed a gelatinous mass
whereas the crystalline did not, Therefore, it was
established that the reason for the incomplete
dissolution was not recrystallization of ritonavir.
The physical mixtures show improved dissolution
profiles; therefore, the gel formation was not due
to adverse interaction with PEG. The reasons for
gel formation and properties of the gel are beyond
the scope of this paper. However, a comparison of
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1 Table 1. Enthalpy of Fusion of PEG
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] Placebo PEG 1824085~~~
Physical mixture (30:70, 18042
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Figure 10. [n vitro dissolution in 0.1 N HCI of (a)
crystalline ritonavir, (b) a physical mixture containing
30:70 crystalline ritonavir—PEG, (¢} amorphous ritona-
vir, and (d) a physical mixture containing 30:70
amorphous ritonavir—-PEG. The data represents mean
+ 8D (n = 3).

Figures 9 and 10 reveal that the dissolution rate

of ritonavir was improved through the prepara-
tion an amorphous dispersion in PEG.

Physical stability of amorphous dispersions is
crucial for success. It has been shown that
chemical degradation kinetics differ significantly
in the glassy and the rubbery states, making
stability testing at temperatures above Ty or
under accelerated conditions for amorphous sam-
ples difficult to interpret.?® Moreover, there are no
guidelines for accelerated physical stability stu-
dies. Therefore, physical stability testing for the
30% dispersion was conducted at 25°C.

Samples stored under dry conditions for > 1.5
years did not contain crystalline ritonavir follow-
ing the melting of PEG, as observed by HSM.
Thermoanalytical methods failed to differentiate
between the freshly prepared dispersion and
these stability samples. At the end of the stability
study, the dissolution profile of the sample was
checked, and this profile remained unaltered.

There have been numerous reports citing poor
physical stability of amorphous drugs in PEG
matrices.>*?° However, there are very few com-
pounds'**? that form amorphous dispersions in
PEG. Clearly, ritonavir belongs to that rare class.
Therefore, understanding the properties of this
moedel system would be beneficial for developing
amorphous drug-PEG systems. Because ritona-
vir is amorphous in the dispersion, the dispersion
could be either a solid solution or a system in

e

ritonavir—placebo PEG) / =
Solid dispersion containing 30% ’g 180+15
drug load ) ( {
Solid dispersion containing 20%

< {180:1.
drug load :

“Mean28D {n = 3).

P

\

which the crystalline regions of PEG remain—""

unaffected.

Solid solutions are molecular dispersions that
are expected to have long-term stability; there-
fore, ritonavir stability might indicate the forma-
tion of a solid solution. The formation of a solid
solution leads to the production of considerable
lattice distortion for the carrier. This lattice
distortion would cause a decrease in internal
energy, enthalpy, entropy of fusion of the
host,**3! or, in this case, PEG. The total heat of
fusion (AHY) of PEG did not change with the
incorporation of ritonavir (cf. Table 1). The AH'
results indicate that in these dispersions, the
crystalline regions of PEG are unaltered or a solid
solution was not formed. Furthermore, given the
structural dissimilarity between PEG and ritona-
vir, formation of solid solutions with 30% amor-
phous ritonavir seemed highly improbable.
Therefore, the amorphous ritonavir and amor-
phous PEG constitute a second phase. The T of
this amorphous phase could not be determined,
probably because it overlaps with the melting
transition of PEG. The stability of the dispersion
can thus be attributed to the physicochemical
properties of amorphous ritonavir and the negli-
gible influence of PEG on this amorphous phase.

The samples exposed to 57.5%RH, showed
crystalline ritonavir after 10 months. Water, a
known plasticizer, probably decreases the physi-
cal stability of amorphous ritonavir.’% The
extent of destabilization by water depends on
the moisture sorption profiles of the amorphous
phase and the water activity of the environment.
The moisture sorption profile of crystalline rito-
navir, PEG, 30% solid dispersion, and amorphous
ritonavir in Figure 11 show that at 60% RH,
amorphous ritonavir is relatively more hygro-
scopic than either crystalline ritonavir or PEG.
Therefore, it is not surprising that the solid
dispersions containing amorphous drug would

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 90, NCG. 8, AUGUST 2001

¥ 5 AUG 2016




% Water {dry basis}

100

% Relative Humnidity

Figure 11. Moisture sorption profile of (a) crystalline
ritonavir, (b) 30% dispersion of ritonavir in PEG, (c)
PEG, and (d) amorphous ritonavir,

be more stable if stored under low humidity
conditions.

CONCLUSIONS

Traditionally PEG—-amorphous drug solid disper-
sions have been prepared and then tested for
improved dissolution rate and stability. Because
there are no guidelines for physical stability
testing, this approach- is time consuming. A
survey of the literature shows that there are only
a few compounds that form amorphous dispersion
-with PEG.""'2 A successfu] preparation of a solid
dispersion containing amorphous drug in PEG
with reasonable physical stability may be eval-
uated from the physicochemical properties of the
drug. Ritonavir, a large lipophilic molecule with
Iow aqueous solubility and exceedingly slow IDR,
was chosen as a model compound. The properties
of amorphous ritonavir, such as its 10-fold higher
apparent solubility, Ty higher than room tem-
perature, excellent glass forming tendency, and
an extremely slow crystallization rate, indicated
that preparation of amorphous dispersions was
feasible. Moreover, PEG not only improved the
aqueous solubility of ritonavir, it had negligible
plasticizing effect on amorphous ritonavir in the
dispersions containing > 15% PEG. Therefore,
through a systematic study of the properties of
this drug and influence of the carrier on the drug
properties, it was expected that an amorphous
ritonavir dispersion in PEG would exhibit
improved dissolution rate and may exhibit long-

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 90, NQ., 8, AUGUST 2001

term stability. Finally, the dispersions were
prepared and was shown to have improved in
vitro release profile and be physically stable for
> 1.5 years at 25°C when protected from moist-
ure. The observed stability of the dispersion has
been attributed to the properties of amorphous
ritonavir and to the negligible plasticizing effect
of PEG on the amorphous phase of the drug.
Other compounds exhibiting these characteristics
would be expected to form amorphous solid
dispersions in PEG with acceptable shelf-lives.
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Abstract O Ashough there was a great inlerest in sofid dispersion
syslems during the pasl four decades [o hcrease dissolution rale
and bioavafability of poosly water-soluble drugs, their commerciat use
has been very limied, primarily because of manufacturing difficutties
and slabifity problems. Solid dispessions of diugs-were generally
pioduced by mett Ge solvent evaporation methods. The materials, which
were usuafly semisofid and waxy in nature, were hardened by cooling
lo very low lemperatures, They were then pulverized, sieved. mixed
with relatively large amounts of excipicnts, and encapsuiated into hard
gelatin capsutes or compressed into tablets. These eperations were
difficull 1o stale up for the manufaciure of dosage forms. The siluation
has, hawever, been changing in recent years because of the avaiability
of surface-active and self-cmulsifying camiers and the development
ol technologies 1o encapsutale solid dispersions directly inle haid
gelalin capsuies as mells. Solid plugs are loemed inside the capsules
when the mells are cooled 10 room temperature. Because of surface
aclivity of carriers used, complete dissolution of diug fom such solid
dispersions can be obtained without the need foc pufverization, sieving.
mixing will excipients, elc. Equipment is available for farge-scale
manulacturing of such capsules. Some practicat limilations of dosage
form development might be the inadequate solubilty of drugs in carriers
and the insiability of drugs and carriers al elevated temperatures
necessary lo manulacture capsules. -

Introduction

The enhancement of oral bloavallabilivy of poorly water-
soluble drugs remains onc of the most challenging aspects
of drug devefopment. Afthough salt formation, solublliza-
tion, and particle size reduction have commanly been used
to increase dissolution rate and thereby oral absorption and
bioavallability of suclh drugs.! there are practical limita-
tions of these technigues. The salt formation is not feasible
for neutral compounds and the synthesis of appropriate salt
forms of drugs that arc weakly acidic or weakly basic may
aften not be practical, Even when safts can be prepared.
an Increascd dissolution rate In the gastruintestinal tract
may not be achleved in many cascs because of the recon-
version of salts into aggregates of their respective acid or
base forms. The solubitization of drugs in organic solvents
or in aqueous media by the use of surfactants and cosol-
vents leads to liguid formulations that are usually undesir-
able from the viewpoines of patient accoptabiity and
cotnmercialization.  Although partizle size reduction is
commonly used to increase dissolution rine, there Is a

* practical linit to how inueh skze reduction cun be achieved
by such commonly used methods as controlled erystaliiza-
tion, grinding, ctc. The use of very fine powders §n a dosage

*Presem address: Novartis, 53 Route 10, Building 401, East
Hanover. New Jersey 07936.
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Figure 1~A schemalic representation of the bipavadabilty erhancement of
a poorty water-soluble daug by soBd dispersion « wmpared with convealional
tablet o1 capsule.

form may also be problematic becow of ° audling difleut-
ties and poar swettability.

In 196}, Sekipuchi and Qb2 & ole od o practical
meihod whercby many of the limjtati s it the Lioavail-
abllity enhancement of poorly water-+ ible drugs just
mentioned can be overcome. This inethod  wvhich was later
termed solid dispersion, invelved the foriation of eutectic
mixtures of drugs with water-soiuble carriers by the
melting of their physical mixtures. Sckiguchi and 'Obi?
suggested that the drug was present in a cutestic mixture
in a microcrystadiine state. Later, Goluberg ct al** dem-
anstrated that all the drug in = solid dispersion might not
necéssarily be present In a microcrystai!inn state. a certain
fractlon of the drug might be molecuiarly dispersed in the
matrix, thereby forming & selid solution. !n either case.
once the solid dispersien was cxpuseg to aquenus media
and the carrier dissolved. the druy was released as very

“fine, colloidal partitles. Because of grearly enhanced surface

area obtalned In this way, the dissolution rate and the
bicavallability of poorly water-soluidle drupis were expecied
to be high.

The advantage of solid dispersisn, cernpared with con-
ventional capsute and tablet farnnrlations. is shown sche-
matically in Figure 1.5 From conventlon. rapsules and
tablets. the dissolution rate s limited by the size of the
primary particles formed alter the disintegration of dossge
forms. In this case. an average particle size afl 5 ym is
usually the lower limit. although higher particle sizes are
preferred for ease of handling. formulation. and manufac-
turing. On the ather hand, if 2 salid dispersion or a solid
solution Is used. a portion of the drug disselves immediat ly
to saturate the_gastraintestinal fluid, and the cxcess drug
precipitates out as line sslividal particies or olly plobules
of submicron size.

Because of such carly prumiscs in the hicavailability
enhancement of poorly water-soluble drugs. solid dispersion
has become one of the mest artive areas of rescarch in the
pharmaceutical ficld. Numergus paoers on various aspects
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u! solld dispe~sion were published since 196}; Chiou and
Riegetman® and Ford? reviewed the carly research tn this
arca, Despite an active research interest, the commercial
appilcation of solid disperslon in dosage form design has
beenn very fimited, Only two produces. a griscofulvin-in-
poly(ethylene glycol) solid dispersion (Gris-PEG, Novartis)
and a nabilone-in-povidonc solid Jispersion (Cesamet, Lilly)
were marketed during three decades follewing the intlal
work of Sckiguehi and Qb in 1961, The objectives of the
present article are to critically ceview sawme of the Jhmita-
tions of solid dispersion that prevented lts wider rom-
mercial application and to discuss how the situation {s now
changing because of the avallability of new types of vehicles
and the development of new manufacturing technologies.

Limitations of Solid Dispersion Systems

Problems limiting the commercial application of solld
dispersion involve {a) its method of preparation, {b} repro-
ducibility of its plysicochemical propertics. (¢ its formula-
tlon into dosi ge Torms, [d) the scale up of manufacturing
processes. and (o) the physical and chemical stability of
drug and vehlcle. Some of the issues are discussed next.

Method of Preparation—In their. pioncering study.
Sekiguchi and Obi? prepared soild dispersians of sulfathia-
zole in such carrlers as ascorbic acid. acetamide, nicotina-
mide, nicotinic acld, succinimide, and urea by melting
various drug—rcarrier Mixtures. To minimize meltng tem-
peratures. cutectic mixtures of the drug with carriers were
used. Yet. it all cases, except acetamide, the melting
temperatures were > 110 *C, which could chemically de-
compose drug . and carrlers.? High temperatures (100 *C)

.- were also utit zed v Goldberg ot al. in preparing acetami-
ﬁ:kmiﬂmn—u'rm: ''gr seofulvin—succinic acid.* and chloram-

- phenico!- ur. s id dispersiens. After. melting, the next
-~ diffie L step w1 &2 preparation of solid dispersions was
“the d'fgrdgning of elts so that they could be pulverized

= for su{_i_“scqucnt for nulation inte powder-filied capsules or
ﬁcomﬁqcised tablets. Sekiguchi and Obi? cooled the sul-
Z «rr;_‘(;uhia‘lzor c—}:rca melt rapidly in an ice bath with vigorous
I "Stirrin.f‘cfm it solidified. Chiou and Ricgelman?® facilitated
: ;_hardc} i@ [ the griseofulvin—PEG G000 solld dispersion
by blgwing told air after spreading It on a stalnless stec!
plate amd fhen storing the material in a desiccator for
= squrah‘d ¥s. In preparing primidone~citric acid solid
N ~Aispdhsiohs, Summers and Encver'® spread the melt on
Perti dishes. cooled it by storing the Petei dishes in a

cator, and finally placed the desiccator at 50 *C for
several days. Allen et al.'! prepared solid dispersions of
corticosterolds In galactose, dextrose, and sucrose at 169.
185. and 200 *C, respectively, and then placed them on
aluminum boats over dry Ice. Timko and Lordi'? also used
blocks of dry lce to cool and solidify phenobarbleal—cleric
acid mixtures that had previously been mclted on a frying
pan at 170 *C., The fusion mcthod of preparing solid
dispersion remalnec :ssentlally similar over the period of
time. More recently, Lin and Cham?? prepared nifedipine -
PEG 6000 solld dispersions by blending physical (ixtures
of the drug and the carricr in'a V-shaped blender and then
heating the mixtures on a hot plate at 80-85 *C until they
were comipletely melted. The melts were rapidly cooled by
immersion in a [reczing mixture of ice and sodium chioride,
and the solids were stored for 24 |i .1 a desiceator over silica
gel before pulverizatjon and sleving. Mura ct al.! solidificd
naproxen—-PEG melts in an lce bath and the selids were
then stored under reduced pressure in a desiceator for 48
h before they were ground inte powdnrs with a mortar and
pestle. In another study, Owusw-Ababie et al.'® prepared
a mefenamic acid~PEG solid dispersion by heating the
drug=carricr mixture on a hot plate to a temperature above

At

the melting point of mefenamic acid {283 *C) and then
cooling the melt to reom temperature under a controlled
environment,

Another commonly used method of preparing a soltd
dispersion §s the dissolutien of drug and carrier in a
commen organic solvent, followed by the removai of solvent
by cvdporation, ™" Because the drug used for solid
disperslon is usually hydrephobic and the carricr Is hy-
drophilic, it s often difficult to identify 5 calmon sotvent
to dissolve both components. Large volumes of solvents as
well as heating may be necessary o cnable complele
dissolution of both components. Cliou and Ricgelman® used
500 mL of ethano! to disselve 0.5 g of griscofulvin and 4.5
g of PEG 6000, Although in most other reported studies
the volumes of solvents necessary to prepare solid disper-
slons were not specified, It is possible that they were
similarly large. To minimize the volume ¢f arganic solvent
necessary, Usul et al.”® dissolved a basic drug in a hydro
alrohotic mixture of 1 N HCl and wmethano!, with drug-to-
cosolvent ratios ranging from 1:48 top 1:20, because as a
protonated species, the drug was mare soluble in the acidic
cosolvent system than in methanal slone. Some other
investigators dissolved onaly the drug in the organic solvent,
and the solutions were then added to the melted carriers.
Vera ¢t al.!® dissolved 1 g of oxodipine per 150 mL of
cthanol before mixing the solution with melted PEG 6000.
In the preparation of piroxicam~PEG 4000 solid dispersion,
Fernandez ot al.?® dissolved the drug in chloreform and
then mixed the solution with tire melt of PEG 4000 a1 70
*C. Many different imethods were naed fur the cemoval of
erganic solvents from solid dispersions, Simonelli et al.'¢
cvaporated ethanolic solvent on a steam bath and the
resldual solvent was then removed by applying reduced
pressure. Chiou and Riegelman® dried an ethanelic solution
of griseofulvin and PEG G000 in an oil hativat 115 °C until
there was no evolutiar of ethanol hohnles. The -viscous
rmass was then allowed ‘o solidily by ceoling in a1 stream of
cald air. Other investizators used such techniques as
vacuum-drying. 22! sprav-drying,?2~25 spraying on sugar-
beads using a fluldize: bed-toating svstem.#® iyophiliza-
tlon.?? cte.. for the removil of organic salvents from solid
dispersions, None of the reports, however, addressed how
much resldual selvents were present in solid gispersions
when different solvents, carriess, or diving techniques were
used. )

Reproducibllity of Physicochemical Propertics—
In their pioncering studies. Sckiguchi and Obi? ebserved
that manufacturing conditions might greatly influence the
physlcochemical properties of solid dispersions formed.
They cooled drug—carricr inelts uider vigoraus stirring
conditions te obtain fine and uniforr drug particles in selid
dispersions. Varjous investigators shserved that hedting
rate, maximum temperature used, holding tine at a high
temperature. cooling method and rare, method of pulveri.
zation, and particle size may gueatly influence the proper:
ties of salid dispersions prepared Ly the melt method.
McGinity et al.28 prepared solid dispersions of tolbutamide
in urea and PEG 6000 by flash cooling in a bath of dry ice
and acetone or by gradual cooling over a perind of several
Yours by Immersion in an oil bath. The powder X-ray
diffraction patterns of the tolbutamide -ured solid disper
slon differed markedly depending on the cooling rate. The
slow-covied sotid dispersion of tolbutanude in vrea demn-
onstrated a complete lack of crvstallinity for both the drug
and urea, whereas the Mash-rooled dispersions showed only
the absence of drug crystailinisy !n 1he powder Xeray
dilfraction patierns of telbutamizde- PEG 6000 sotid disper-
slons, peaks for both tolbutamide st PEG GOO0 were
observed; howaever. their degree of ervstallinity in flosh.
cooled samples was less than thin an the slow-cooled
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samples. In another study. a metastable amarphous form
of nifedipine was formed in its solid dispersions in PEG
40p0 and PEG E6Q00 when the drug-carrier melts were
cooted rapidly, whercas slow cooling ¢f meits or pawdering
of solidlficd mass resulted in the crystallization of drug.?®
Gints et al.3 studied the effect of fusion temperature on
oxazepam—PEG 4000 solid disperslons. Microscopic ex-
amlnatlon revealed the presence of crystalline oxazepam
and the sphetulitic form of PEG 4000 in solid disperslons
prepared by fuston at 100 "C. in contrast, a {usion tem-
perature of 150 *C produced a solld dispersion with no
crysealiine form of the drug and the presence of PEG 4000
In a hedritie form. Complete dissolution of drug ia the
carcier at 150 *C in contrast to 100 *C was reported to be
responsibie for such a difference in physicochemical prop-
ertles of the solid dispersions produced. Dordunco et al M
also gbserved a change of trlamterence and temazepam from
erystafline (o amorphous form In poly{cthylene glycol) solid
disperstons when the fusion temperature was Increased
from 100 (o 150 °C. Such changes in physical states of

drugs in solid dispersions result into differeaces in drug -

dissotution rates in aqueous media 3 Drug-te-carrier ratio
and particle size of solid dispersions were also reporied to
influence the dissolution rate of drug,®

The properties of solid dispersions prepared by the
solvent method niay atso vary depending on manufacturing
conditions. The solvent method usually leads to amorphous
forms of drugs. However, some crystallinity of drug may
be observed depending on the drug-to-carrier ratio used. ¥
Although ne detailed studies were reported in the litera-
ture, it is expected that the nature of solvent used. drug-
le-solvent and carrior-to-solvent ratlos, drying method. and
drying rate may significantly influence the physicochemical
praperties of solid dispersions formed.

Dos:t .¢ Form Development—Solid dispersion must be
develop ' into convenlent desage forms. such as capsules
and tabtets, for their clinical use and successful com-
merclalization. As alrcady mentioncd, solid dispersions
produr- ¢ by the melt method are usually hardened at very
low temperatures and then pulverized with mortars and
pestles. Similarly, solid dispersiens produced by the solvent
method are alse pulverized after solvent removal and
hardening. Some of the challenges In the dosage form
development of such materials are difficulty of pulveriza-
tion and sifting of the dispersions, which are usually solt
and tacky. poor flow and mixing propertics of powders thus
prepared. poor compressibility, drug~carrier incompat-
ibllity, and poor stability of desage farms. However, there
are very few reports in the literature addressing these
important issues.” Even the limited number of reports
descrlbing any dosage form developmental aspects of solid
dispersions only confirm that the task of formulating solid
dispersions into capsules or tablets may be a very complex
and difficult one. In developing a tablet formulation for the
indomethacin~PEG 6000 solid dispersion. Ford and Ru-
binstein? reported that the solid dispersion was not
amenahle to wet gronulation because water could disrupt
its physical structure. In addition. the dispersion was soft
and tacky. To overcome these problems, the authors
adopted an in situ dry pranulation method where the
excipients (calcium bydrogen phosphate and sodium starch
glycolate} were prebieated and rotated fn 3 water-jacketed
bLlender at 70 *C. and the indomethacin—PEG 6000 mixture
that niclted at 100 *C was then added to the moving
powder. Afier mixing. cthe granules were passed through a
Zp-mesh steve amd allowed to harden ot 25 °C for 12
Then, the granules were mixed with a relatively high
concentration of magnusium stearate (1%) and compressed
into tablets. To process 100 mg of sofid dispersion. 506 mg
of ather excipivnts were used, thus imaking the final weight
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of a 25-mg Indomethacin tablet 506 iy, Yet, the tablet did
not disintegrate in water despite the use of a large amount
of excipients. It disselved slowly by crosion. and the dis.
soiution rate decreased on aging of the tablet. In another
study. the same Investigators used an essentially simllar
In situ dry granulation method for the preparation of tablet
dosage forms for a chlorprapamide—urca solid dispersinn,
where the drug. the carrier, and the excipients were mixed
In a rotating flask on a water bath maintained at 100 °C.33
The propertics of these formulations also changed with

- time, and the authors concluted that aging could “limiz

their uscfulness as prospective dosage Iorns™. Durin the
development of a tablet formulation for a uresemlde—poly-
{vinylpyrrolidenc) (PVP) solid dispersion, Akbuga ct al.¥®
abscrved that method of preparation. choice of disintegrant
and particie size of solid dispersions were critfeal {actors
In determining the properties of tablets produccd. Despite
the use of relatively large amounts of disiniegrants, the
tablets did net disintegrate. Rather, they dissolved by
crosion only, and the erosion rate varied depending on the
disintegrant wsed. [n addition, the dissolution rate of
tablets prepared by double comprassien {slugging and
recompression of dry granules) was much slower than that
of the tablets prepared by single compression, The dissolu-
tien rate of tablet was alse dependent on the particle size
of solid dispersion used; the rate decreased by a factor of 5
when 100-mesh particles were used in place of 80-mesh
particles. Also, the compressibllity of solid dispersion
decreased with a decrease in particle size. In ancther study.
Siskvist and Nystrom ¥ gvercame the compression il
ficultles due to sticking of griseofulvin—xylitol solid disper-
sions to dies and punches by lubricating die wall and punch
faces with 1% (wiw} magnesium stearate suspension.before
the compression of each tabiet. The authoers observed that
the dissolution rate of tablet was highly sensitive 1o come
pression pressure. The sticking of solid dispersion to dies
and punches might becorne so problematic that Kaur
al. ¥ resorted to placing small pieces of grease-proof paper
between metal surfaces and granules before the compres-
sion of tablets.

The lack of disintegration and the slow dissolution of
tablets prepared from solid dispersions could be related (o
the soft and waxy nature of carriers used (e.g.. PEG) in
many of the reported studies, Such carricrs essentially act
as strong binders within tablets. During compressian. the
carriers could plasticize, soften. or melt. filling the pores
withln tablets and thus making thers nondisintegrating.
It is atso possible that the softencd and melted carriers coat
the disintegrants and other Ingredients used in tablets, and
such a coating, along with the reduction of poresity of
tablets, make the disintegrants incffective. Usc of a very
htgly ratio of salid dispersion te added exciplent might
alleviate the problem. In one study,'® 270 mg of microc-
rystalline cellulose {Avicel) was used to formulate 30 mp
of mefenamic acid-PEG solid dispersion inte a tablet with
good dissolutlon. The usc of such a high ratio of added
excipient would. however, greatly increase the size of tabiet
and might. therelore, be impractical in must formulations,

Scale Up of Manuflacturing Processes—Decause very
few solid dispersion products prepared by melt or solvent
methods have been narkewed. there are practically no
repurts on the scale wo of such products. !t is apparent fron
the discussion just presented that the scale up of the
methods of preparation of solid dispersions and their
dosuge forms could be very challenging. In mwost of the
studlies reported in the literatare, solid dispersions by the
melt methot were preparéd in a small scale by heating
drug -carrier mixtures in bca’l}'_c_l;sgjr)'irl%pans. clc. that

1!
c

were placed on hot plarc?n'él thn Ctﬂ‘il’ ‘thn:;\mcl(s inan
e mixture! #1711 Because

ice hath, a doy ice-acer ure,
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sions during cooling to low temperatures. strict protection
from meisture was necessary ln all cases. The scale up
cjallenges may be {lustrated with the example of the
preparation of a phenytoin=PEG 4000 solid dispersion by
Yakou et al.” The drug—carricr mixture was heated at 250
*C under constant stirring untll a clcar homogeneous melt
1 was obtained, and the melt was aic-cooled by spreading
on stainless steel trays. The troys wore stored i 2
desiccator for 3 days to enhance solldification of the solid
disperslon. The resulting material was then crushed ina
cutter mill. and the posvders were sieved to collect a sicve
fraction of £05—177-wm particle size for use in the dosape
form. The scale up of such a method woutd be difficutt and
lt might even be Impractical In many cases because of
possible degradation of both drug and carrier at high
temperatures used. The scale up might also necessitate a
large capital Investment because a chemical plant-like
facility. rather than a cominon pharmaceutical dosage form
manulacturing plant, would be required to process and
manufacture the products. For scale up of the cooling
process, Lefebvre ot 21 recommended such continuous
operation as cooling on the surfaces of moving belts or
rotating cylinders, and spray congealing. The practical
application of the methods, hewevee, was not demor
strated. Kennedy and Nicbergall!! described a hot-meit
fluid bed method whereby nonpareils could be coated with
PEGs having molerular weights between 1450 and 4600.
A simlfar method can possibly be wsed to deposit solid
dispersians on uanparvils and might in the future find
application in the manulacture and scale up of solid
ispersien fermulations.

The physicochemical properties and stability of sotid
dispersions may also be alfected by scale up because
hicating and ceooling rates af solid dispersions under large-
scale manufacturing conditions may differ greatly from that
in small beakers. 247 Drug—carrier compatibllity at a high
tempevature also requires careful consideration. Dubois
and Ford!? reported the chain scisslon of PEG 600 during
fusion with disulfiram. furesemide, chiorthiazide, and
chlorpropamide.

The scale up of the solvent mcthod of preparing solid
dispersions may alse be very challenging. A chemical plant
environment would be necessary to evaporate hundeeds
and even thousands of liters of erganic solvents necessary
to prepare solid dispersions for kilogram quantities of
drugs.!’#® The cost of recovery of these solvents may be
very high. Removal of residual amounts of potentially toxic
erganic solvents such as chloroform and methanel {rom
large masses of material may be difMlcult because the selid
dispersions are usually amorphous and may exlst in viscous
and waxy farms. Solvates may also be formed with drugs
and carrlers. Because most dosage form manufacturing
facilities are not cquipped to handic farge volumes of
organic solvents. one way ta resolve the issuc might be the
designation of solid dispersion as an active pharmaceutical
ingredient or bulk drug substance. In that case, the
responsibility of the manufacture of solid dispersion can
be shifted to the chemical plant. It would be necessary to
conduct all developmental actlvitics using the selid disper-
sion, o this approach might not be suitable for situations
where active pharmaceutical ingredients have multiple
uses (e.g.. oral and parenteral).

The final step in the manufacturing process, which is
the conversian of salid dispersions inta stable and market-
able dosage forms, may be the most difficult one to scale
up. optimize. and vatidate. Most of the commonly used solid
dispersion vehicles arc soft and sticky and. as a rosull. the
pubverized forms of snlid dispersions produced by such
vehicles inay not be amenable to processing by high-speed
capsule or tablet fillierg machines.

Stability—The physical instabitity of : #lid dispersions
due to crystallization of drugs was the subject of most
published repasts in che literatyee. ™ [n a solid dispersion
prepared by the melt method. a cortain frattion of the drug
may remain molecularly dispersed, depending un its solu-
bitity In the carrier used, thus larming a solid selution. How
the excess drug exists may greatly depend on the methiod
of manufacture of the system: it may, oy 3 whele or-by part,
form a supersaturated selution, separate oud as an amor-
pheus phase. or ceystallize out. The supersaturated and
antorphous forms may, in tuen, coystallize aut on aging.
Stmilarly. certaln carriers may also exist in thermody-
namically unstable states In solid dispersions and undergo
changes with time. Chiou** reported that griseofulvin
precipltated out in an amorphous form in a griscofulvin—
PEG 6000 solid dispersion during the tme of its prepara-
tion. The amorphous material crystallized out on aging,
except when the drug conceneration in the dispersion was
5% or less. Ford and Rubinsteln' autributd simtlar
crystallization as the cause for a decrease in dissalution
rate of drug from indamethacin—PEG G070 solid disper-
sions with time. The decrease in the dissolution rate of
indemethagin was also depenrdent o drug concentration
in the solid dispersion. The decrease was greater for a
higher drug concentration because a larger fraction of dru
crystallized out. In another study. Suzuki and Sunada®’
observed that on expasure of a nifedipine~nicotinamide—
hydroxypropyhmethyleetiulose (HPMC) sciid dispersion to
60% RH at 30 *C or 75% RH =20 40 °C for | month,
nifedipine converted frem the amorphous t Lhe crystalline
state, thus lewering the dissolution rat - of nifedipine
drastically. No conversion of nifedipine to the vystalline
state was ohserved when the solid disper - :on  as stored
at an elevated temperature in the absen e of humidity.
Although the presence of HPMC facllitaic. e anversion
of nifedipine to an amorphous state during Us cooling of
drug—nicetinamide mclt 1o roem temperature . - the time
of manufacturing, it did not prevent the « ibsequent
erystallization of drug under humid conditions. Fronounced
decreases in dissolutian rafes due to drug crystallization
were also reported fér tablets prepared from solid disper-
sions.¥3% No such decrease in dissolution rate o aging was
observed by Khalil et al*® in corticestereid—PEG solld
dispersions prepared with a drug-te-carrier ratio of 1:99,
possibly because mest of the drug was molecularly dis-
persed in the carrier. The corticosteroid, however, exhibited
chemical degradation due to avidatian by the peroxides
present in PEG. The cooling rate of salld dispersions may
also significantly influence thelr aging behavior. it has been
reparted that the crystallinity of drug in solid disperstons
is less influenced by aging when a ziow cooling rate Is used
because thermodynamically more stabje systems are pro-
duced during the time of preparation. ™ -

The conversion of drug to crystalline state Is also the
primary stability Issue with solid dispersions prerared by
the solvent methed, PVP, which {s commonly u-:d as a
carrier [n such solid dispersions, is amorphous and does
not convert to a crystalline state. However, certaln other
carcicrs may convert fram their amorphous states to
crystalline states in solid dispersions. Zogrzfl and co-
workersi?3? extensively studied the physicochemical prop-
ertics of the amorphcus siates of drugs and exclplents and
observed that the erystallization of amarphous maicrials.
is lacilitated by muisture. This effect-is wvhy strict protection
from moisturce is necessary during the preparation and
storage of most solid dispersions. Uoherty and York®!
studicd the stability of furosemicde~-PVP solid dispersion
in the temperature range of G to 45 *C and 40% RH for up
1w | yoar. They did not obserwe any crystallization of
furosemide and suggested that PV'F may indeed act as a
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stabilizer in the solid disprrsion by retarding erystallization
of drug at a refatively low humidity. Rapid erystallization
of [uroscmide in the solid dispersion was, however, evident
when the humidity was raised te 75% RH. Stmilar obser-
vations were also made by Guillaume o al® for an
oxodipine=PYP solid dispersion where ne ovystzllization
h of axodipine was observed in 18 menths when samples were
stored under 35% RH at various tomperatures, but the
drug crystalilzed out at 80% Ri-l. The stabilization of drugs
in amnrphous forms in solid dispersions is an active arca
of resecarch i the pharmaceutical field, Tor an indonmetha-
tin~PVF solid dispersion system. Taytor and Zografi®?
suggested that hydrogen Lomding between the drug and
PVP might offer an explanation (or the absence of drug
crystallization. Lu and Zagrali* recently demnonsirated that
indomethacin forms a conipletely miscible amerphous
mixture with citric acid and PVP when the weight fractien
of PVP In the ternary mixture exceeds 0.3 weight fraction.
Thus, both the chaice of carrier and the drug-to-carrler ratio
are hmportant cansiderations i the stabilization of solid

dispersions.

Breakthroughs in Solid Dispersion Technology

Bocause of the various limitations just mentioned, it Is
" not surprising that the solid dlspersion system. desplte its
many potential advantages, has not been widely used in
pharmaccutical dosage forms. Under the present health
care cconomic climate, the goal of any drug develepment
prograny n the pharmae watical {ndustry is o capidly
progress a new chesnical ntity from the discovery stage
1o clinical testing 1o det rimie whether it is safe and
tlinically effective. The li nite ! supply of the butk drug
substance at the early dr g d velopment phase and the
accelerated time line we ¢ ot allow a formulator o
address most of the chaien; s {vide supra} of a solid
dispersion formulation. Most ; apertantly. if a compound
proves premising in early clin  al testing, the scale up of
complex manufacturing processes for the development of
marketabke dosage forms cannot be ensured. )

Two recent breakthroughs In the forinulation of solid
dispersion systems involve (1} the development of techiole-
gies to fill solld dispersions directly lnte hard gelatin
capsules and (2) the availability of surface-active and seli-
emulsifying carriers. As a result, there is renewed interest
In such systems for use In commercial development of drug
products 853

Dircct Capsule-Filling—~Although the filling of semi-
solid materials into hard geiatin capsules as melts, which
solidify at room temperature, was first deseribed by Fran-
cofs and Jones In 1978,% 1t was not until much later that
the potential application of the technique for solld disper-
slons was fully realized. Chatham®? reported the possibility
of preparing PEG-based solid dispersions by filling drug—
PEG melts In hard gelatin capsules. By using PEG with
molecular weights ranging from 300 to 8000, Serajuddin
et al. > however, demanstrated that a PEG by itself might
not be a sujtable carrier for solid dispersion of poorly water-
soluble drugs intended for dircet filling into hard gelatin
capsules. They dissolved a poorly water-soluble drug,
REVS5901, in melten PEG 1000. PEG 1450, and PEG 8000
and fitled the hot solutions inte hard gelatin capsules such
that each size 0 capsule contained 100 wg of d. ap and 550
mg of PEG. At room temperature, solid plugs were formed
inside the capsules. where the drug remained molccularly
dispersed in the carriers. Although a sink condition oxisted
for the dissolution of 100 mg of the weakly basic REV5901
(pK, ~ 3.6) in 900 mL of simulated gastric Ruid {drug
solubility = 0.7 ing'mL at 37 *C). the disselution of drug
from ail PEG-based solid disperslons was incomplete.
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Figure 2—A schematic representation of the comparative dissotution of a
poarty water-soluble drug lrom surface-active versus nonsurface-atiive vehickes.

Because the water-soluble carrler dissolved more rapidly
than the drug. drug-rich layees were formed over the
surfaces of dissolving plugs. which prevented further
dissolutioh of drug froin soild dispersiuns. The dissolution
was practically zero at pH » 2, whier: the solubility of drug
was low and a drug layer coated the surface of the solid
plug as soon as the capstle shell disintegrated. Corrigan®
also reported the possibility of such a retardation of drug
dissolution from solid dispersions.

Surface-Active Carriers—The dircect filing of melts
into hard gelatin capsules would not be 2 viable method
for the preparation of solid dispersicns unless the formation
af drug-rich tayers an the surfaces of dissalving plugs could
be prevented. Serajuddin et al. ¥ achieved a complete
dissolution nf drug from solid dispersions by using surface-
active or sclf-emulsi{ying carriers. The vehicles acted as
dispersing or emulsilying agents for the Jiberated drug.
thus preventing the formation of any water-inscluble
surface layers. Although the libc. 1ted drug remained
undissobved In the dissolution mediu 1 when its concentra-
tion excecded its saturation solubilii ;. it was dispersed or
emulsificd in a flnely divided sta: - pecause of surface
activity of the dissolved vehicle.<* | L high surface area
of a drug produccd In this way would facilitate {ts dissolu-
tion in the gastrointestinal fluid. especially in thie presence
of bile salts. lecithin. and lipid digestion mixtures.®

The advantage of a surface-active arricr over @ nonsurs
face-active one [n the dissoturion of diug from a capsule
formulation is shown schematically in Figure 2.5 The
physical state of druyg in a solid ¢ispersion must. however,
be carefully considered in evaluating the advaniage of 2
surface-active vehicle. As mentioned carlicr, the drug can
be molecularly dispersed in the carrier ta form a solid
solution or it can be dispersed as partirics. Jt can also be
both partially disselved and partially dispersed in the
carrier. The potentlal for the larmation uf a continuous
drug-rich surface laycr is possibly greater if the drug s
molecularly dispersed, whereas the drug dispersed as
particulates may be more prone 1o disseciation from the
water-seluble matrix. It is, however. rare that the drug is
dispersed jusi as particulates and is not at least partially
dissolved in the vehicle. Therefore. a surface-active carrier
may be prefe-able in aimost all cases for the sclid disper-
slon of poorly water-soluble drugs.

The interest in swiface-active and seil-emulsifying car-
riers for solid dispersion of poorly water-solusle drugs
incrcased greatly in recent years.™ 53¢ Tor ease of
manufacturing. the carriers st e amenable o liquid
filling inte hard gelatin copsutes ax nelts. The melting
temperatures of careiers should b surhi thar the solutions
do net excoed ~70 “C, which i the maximum atceptable
temperature Tor hard getalin capSulre shieils ™ Some of the

manulacturing difficulties mnum.-ﬁ\t;.;n-m-r may be en-
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countered if solid dispersion products using surface-active
carrlers are prepared by methods other than direct filling
into hard gelatin capsules: for cxamples. the solvent
evaporation method,®® compaction into tablets from gran-
ufes, 3 etc.

One surface-active carrier that has commonly been used
in solld dispersion for the bleavallability enhancement of
drugs 1s Geluclre 44/14 (Gattefossé Corp., France), 58€2-85 67
It Is a mixture of glyceryl and PEG 1500 esters of long-
chain fatty aclds and Is official In the European Pharma-
copela as lauryl macrogolplycerides; the sullixes 44 and 14
in {ts name refer, respectively, to its melting peint and
hydrophilic—[pophilic balance (HLB) value, Anether surface-
attive carrier that generated certain interest in recent
years is Vitamin £ TPGS NF (Eastman, Kingsport, TN}, ™
which Is prepared by the esterification of the acid group of
d-o-toropheryl acid succinate by PEG 1000. The material
has an HLB vatue of I3 and is inlscible with water In all
parts. Its melting point is. however, relatively low (38 *C)
and it may require mixing with other carricrs to Increase
melting temperatures of formulations.

In search of alternative surface-active carriers. Serajud-
din and co-workers®-’! demonstrated that a commonly used
surfactant. polysorbate B0, could be used in solid disper-
sions by mixing it with solid PEG. Although polyserbate
80 Is liquid at reom temperature, 1t forms a solid matrix
wlhen it Is mixed with a PEG because it incorporates within

" the amorphous regions of PEG solid structure. As high as

50% (w/w) polyserbate 80 could be Incorperated In a PEG
with a lowering of <6 *C in its melting point. Even when
75% (wiw) polysorbate 80 was incorporated, PEG remaincd
semlsolid, and the lowering of the melting temperature of
the PEG used was <12 *C." The crystaliine structure of
solld PEG was minimally affected by polyserbate 80
because the tvo compounds have low miscibitity in each
ather. Qther i vestigators also reported enhanced dissolu-
tion’? and blo.. -allabllity® of drugs from PEG -polysorbate
carriers. Law ot al."” reported a »2-fold increase in the
disselution r: e of niledipine from a PEG-bzsed solid
dispersion afi.r incorparation of 5% (whiw) phasphatidyl:
choline, Increased dissolution rate of drug from solid
dispersions in PEG containing varying amounts of ionic
and nanlonlic surfactants. including sodium dodecy! sulfate
and polysorbate 80. were also reported by Sjokvist ot al.™
The authors. however, pulverized the waxy material in-
stead of filling them inte hard gelatin capsules as mclts.
Ease of Manufacturing—Cadé and Madt™ and Shah
¢t al."™ reviewed various formulation and processing con-
siderations far liquid-filled hard gelatin capsvles. initial
fermulation developinent studies ¢an be conducted by
filling hot seiutions or dispersions Into hard gelatin capsule
shells manually by using pipets or by using laboratory scale
semiautomatic equipment.’ Equipment s alse available
to scale up the manufacturing process and for large scale
manufacturing.™ As mentioned earlier, the temperature
of solutions during the filling of hacd gelatin capsules
should not exceed 70 *C.% Selutions can also be filled into
soft gelatin capsules for which the solution temperature
should remain <40 "C." Scveral hard gelatin®# and solt
gelatin®® capsule products preparcd according to these
technlques have been marketed In recent years.
Bioavailability Enhancement—=The reports on the
bioavailability enhancement by solid dispersion tn surface-
active carriers are promising. The human bivavailabitity
o.f the poorly soluble REVSIOT from a solid dispersion in
Gelucire 44/14 under o fasting regimen was much higher
than that of a 1ablet formulation cven thouph the micron-
ized form of drug and a wetting agent were used in the
tablet.® The bicavailability of ubidecarcnone iy dogs from
solid dispersian in-Gelucire 44/14 and the Gelucive $3714~

O

lecithin mixture were, respectively. twe and three tlhines
higher than that of commercially available taltet.® The
bloavailabllity of another poorly watcr-soluble drug.
RPGIGIS, in dogs was 4.5 times higher {27.6% versus 6%)
from its solid dispersion in a PIEG 3350--Labrasel—polyser.
bate 80 system than from an agueous suspension In 0.5%
methyleeliulose."* Aungst et al.¥ veported that the bio-
avallabllity of an HIV protease inhibitor. DMP323, Indogs
from a PEG-based formulatton decreased from 49.6 to 5.2%
when the dose was Increased (rom 100 to 350 img. No such
drastic decrease in bieavailability was observed In a
Gelucire 44/14-based formmlation of DMP323: the bloavall-
abllity values were G68.9 and 49.5% after doses of 85 and
350 ing. respectively. The bioavaifobility of ritonavir (Nor-
vir, Abbortt). another poorly saluble HIV protease Inhibitor
{solubility <1 up/mL at pH > 2), was enhanced by formula-
Lion as a solid dispersion Ina mixture of such surface-active
carrfers as Gelucize 50413, nolysorbite 80 and polyoxy: 35
castor ofl.® -

Special Considerations fur Surfacrant-Based Solid
Dispersions—S8olid dispersion in surfarc-active carriers

- may not be the answer to all binavailability probicins with

poorly water-soluble drugs. One of the limitattons of
bioavallability enhancement by this method might be the
tow solubility of drug in available carricrs #4485 The desired
doses of a drug cannot be solubilized and filled Into hard
gelatin capsules if adequate solubility in a carricr cannot
be obtained. Dordungo ct al.® reported that the particle
size of a drug in a solid dispersion remained unchanged if
it is just mixed with the carrier instead of disselving in ir.
On the other hand, Il the drug is disselved by heating in
excess of fts solubllity In the carrier under normal starage
condition. it may subsequently crystailize out frem the selid
dispersion. Either situation would defeat the purpose of
bioavailability enhancement of poorty water-saluble drugs
Ly solid dispersion. as described in Figure 1.

The crystallization of ritonavir from the supersaturated
solution In a solid dispersion systom was respansible for
the withdrawal of the ritonavic capsule INorvir, Abbott)
from the market.* The crystalization of drug adversely
Influenced the dissolution of the ritenair capsule, and the
product was switched Lo a thetmodynamically stable setu-
tion formulation. Aungst ot al.*" also stresser the impor
tance of drug solubitity in tarrurs in the development of
capsule formulations. They prepared high-dese formula-
tions of a water-insoluble HIV protease inhibiror by dlis-
solving It in carriers at an elevated temperature only, and
the formulations were used for bicavaliability testing in
dogs within 24 h of preparation when no crystailization
occurred. The authors cautioned that precipitation of drug
could occur upon storage at reoin tempoerature over a longer
period of ime, and that lowering of drug concentratfon in
the carrter would be necessary to ensure long-term physlcal
stability of the formulation. '

To ensure that a drug would nat crystalltze out of solid
dispersion at the desired storage temperature, it is lmpor-
tant to screen the drug solubility in different carriers at
such a temperature. However, ne practical method for
determining or estirating drug; solubility in a carrijer at a
relatively low temperature, where the corrier oxists in a
solid state, has been reported inthe direrature. The relative
salubility of a drug in differeni carriers may be determined
by equitibrating the chrug at an elevated temperature where
all the carriers exist in a liquid state ¥ [f the solubility af
a drug in a carrier at an clevated temperature is much
higher than the concentration cegurred Jor solid dispersion.
an accurate estimation of solubility at reom temperature
might net be necessiry and 8 reasonabie assumption might
re made that the drug would not precipitate out. When a
better estimation of solubility is sceded, one practical

Jouenal of Pharmaceutical Sciences 71063
Vol 58, No 10, Oclober 1999



approach is the determination of solubility — temperature
relationship of drug in a chemically retated carrier that
txists as liquid at a wider range of temperature. For
example, for the purposc of estimating the solubility of a
drug in a selid PEG at room temperature, the sotubility
may be determined at an clevated temperature where the
i PEG pxists Jn a Nguid state. Then the solubllity of drug at
a lower teanperature may be estimated from the solubility-
temperawdre relationship 1n a refated vehicle, PEG 400,
which remains liquid at a wider range of temperature. This

megliod assumes, however, that shimilac tempecature— -

solubility relationships for the drug would cxist in both
PEGs and that the reiationshlp woukl not change when
ong of them solidifies. The solubility may afso be estimaied
by microscopic exatnination of solid solutions with increas-
ing drug concentration for any possible crystalllzation of
drug. assuming that the drug does not cxist as a separate
Aittgrphous phase and the crysuallization occurs in a
relatively short period of time. A slmilar mlcroscopic
techinique was use for determining the solubility of diaz-
epam in liquid crystalline phases of locithin 87

Another possible limitation of the usé of surface-active
carrier reporred by Aungst et al.% is that the bicavailability
of a drug may vary depending on the amount of carrier
administered along with it. This variation is becausc
different amounts of a surface-active carrier may have
different solubilizatlon or disperslon effects on a drug in
the pastrointestinal fluid. Serajuddin et al.$6% reported a
method whereby the rate and efficiency of dispersion of
drug in aqueous modia from different formulations can be
studdied.

In addition to the sclubility, careful attention must be
given to the drug-te-carrier ratio in the successful develop-
ment of a fermutation. When the solubilicy of a particular
drug is relatively low, a high drug-te-carricr- ratio is
necessary ro deliver It in a solubilized state. and. therefore.
the dose has to be Jow if it is desired that the total dose is
delivered as a single unit. As mentloned ecarlier, any
atlempt to supersaturate the drug in solid dispersion to

reduce drug-to-carrier ratio may lead to stability problems

and. yltimately. to product failure.

Ateention should also be given to optimization and
validation of the manufacturing process. It is not only that
the physicochemical properties of the drug is affected by
the cooling rate. the properties of carricrs in a solit
dispersion might also be influenced by the solidification
rate of the product 42 The implication of this observation
on bicavailability and stabllity of drug product is nat
knowy, '

Future Prospecls

Despite many advaniages of sofid dispersion, issues
related 1o preparation, reproducibility, formulation, scale
UP. and stability limited its use In commercial dosage forms
for puorly water-soluble drugs. Successful development of
solid dispersion systems for preclinical, clinical, and com-
mercial use have been feasible in recent years due to the
availability of surface-active and sell-cmulsifying carriers
with relatively low melting points. The preparation of
dosa.ge formns involves the dissolving of drugs in melted
tarriers and the fitling of the hot solutions into hard gelatin
Capyles. Because of the simplicity of manufacturing and
stale up processes. the physicochemical propertics and, as
& resule, the binavailability of solid dispersions are ‘not
expected to change significantly during the scale up. For
this reasan, the populacity of the solid disperslon system
to solve difficult bicavailability issues with respect to poorly
water.soluble drugs will grow rapidly. Because the desage
form tan be developed and prepared using small amounts
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of drug substances in early stages of 1he drug ¢ 'velopment
process. the system might have an advantage over such
other comvmonly used bloavailability enbancement tech-
niques as micronizatlon of drugs and soft gelatin encap-
sulation. :

Quie major focus of future research will be the identifica-
tion: of new surface-active and self-eanulsifying carriecs for
solld dispersions. Only a smail number of such carriers arc
currently available for oral yse. Some carriers that are used
for topical application of drug only may be qualified for oral
uwse by conducting appropriate toxicologwal testing. One
limitation in the development of solid dispersion systems
may the inadequate drug sotubility in carriers, so a wider
cholee of carriers will inerease the sucenss of dosage form
development. Research should also be directed toward
identification of vehicles or excipicnts that would retard
or prevent crystallization of drugs frem supersaturated
systems. Attention must also be given to any pliysiclogical
and pharmacological effccts of carricrs used. Many of the
surface-active and self-emulsifying carriers are lipidic in
nature, sn potential roles of such carricrs on d ug absorp-
tion, especially on thelr inhibitery elfects on CYP3-based

_ drug metabolism and p-glycoprotein-mediated drug efMiux,

will require carcful consideration.®

L3 addition to bicavailabllity enhancement, much recent
research on solid dispersion systems was directed toward
the development of extendcd-release dosage forms. Al-
though a review of literature on this aspect of solid
dispersion is outside the scope of the present article, it may
be pointed out that this arca of rescasch has heen reln-
vigorated by the avallability of surfarc-activ- and self-
emulsifying carriers and the development of m w r: asule-
$¥ing processes. Because the formuplation of solb dis, wvin
for bipavailability enhancement and extender: relc ise of
drugs may employ essentiatly similar processes exe pt for
the use of slower dissolving carriers for the later o 28 {4
is cxpected that the rescarch in those wo are: . will
progress simultancously and be complomentary t “cach
other. .
Physical and chemlcal stabitity of both the drug and the
carrier in a solid dispersion :sre major developmental
issues. as exemplified by the recent withdrawal of ritonavir
capsules from the market,®® so [uture rescazrch needs to be
directed to address various stabiiity issues. The semlsolid
and waxy nature of solid dispersions poses unique stability
problems that might not be seen in other 1ypes of solid
dosage forms. Predictive methods will be necessary for the
investigation of any potential crystallization of drugs and
its impact on dissolution and bioavailability. Possible
drug—carrler interactlons must also be investigated.

Althe: ;. as mentioned earlier, the direct filllng of solid
dispersion into hard gelatin capsules is a relatively simple
process, there are very limited reports on the scale up of
the technology. Further studies on scale up ard validation

of the process wili be essentlal. Many prublems nd

challenges still remain with solid dispersion systems.
Nevertheless, as a result of recent breokthroughs, it will
continue to be one of the exciting frentizrs of drug develep-

ment.
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